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REPORT OF THE UNITED STATES FUEL-
" TESTING PLANT AT ST. LOUIS, MO.,
JANUARY 1, 1906-JUNE 30, 1907.

Josepr A. HoLMmEs, in charge.

INTRODUCTION. -

By Joseru A. HoLMEs.
WORK DONE.

The authority for continuing at St. Louis, Mo., the investigation of
“the fuel values and possibilities of the coals and lignites of the United
States, is contained in the act of Congress making appropriation for
the sundry civil expenses of the Government for the fiscal year end-
ing June 30, 1907. -This act provides—

For the continuation of the analyzing and testing of the coals, lignites, and other

mineral fuel substances belonging to the United States, in order to determine their
* fuel value and so forth, under the supervision of the Director of the United States
Geological Survey, to be immediately available, two hundred and fifty thousand dol-
lars: Provided, That in examinations, hereby authorized, of fuel materials for the use
of the Government of the United States, or for the purpose of increasing the general
efficiency or available supply of the fuel resources in the United States, the Director
of the Geological Survey may have the necessary materials collected from any part of
the United States where they represent extensive deposits; and it shall be the duty of
the Director of the Geological Survey to have examined, without charge, the fuels
" required for use by the Government of the United States, and to give these examina-
tions preference over other work: Provided further, That in publishing the results of
these investigations the materials examined shall not be credited to any private
party or corporation, but shall be collected and described as representing such exten-
sive deposits.

The provisos in the above act limiting the examinations and the
manner of publishing the results of tests, by prohibiting the men-
tion of private parties or corporations furnishing materials, necessa-
rily changed somewhat the general operations of the fuel-testing
plant, especially in so far as such operations were related to field
collections of samples for testing.

This appropriation became available on July 1, 1906. The present
report includes operations for some months prior to the enactrnent
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of the above-quoted legislation, but in view of the fact that the pub-
lication of the results is provided for in this act it has been ruled by
the Department of the Interior that no mention shall be made of
names of private parties or corporations furmshmg materials, even
though such materials were furnished and tested prior to the enact-

ment of these provisos. The appropriation above Trecited covers the

period from July 1, 1906, to June 30, 1907, but this report covers the
period from January 1, 1906, to June 30, 1907, inclusive, or until the

“date of removal of the fuel-testing plant from St.. Louis to Norfolk,

Va., and to Denver, Colo. In point of fact little testing was carried
on subsequent to March 31, 1907, because of the dismantling of the
St. Louis plant.

Durmg this period the scope of the work has been largely confined
to a series of comparative tests, made as nearly as possible under uni-
form conditions, on samples of bituminous coal and lignite collected
from different fields of the United States. The samples accepted,
however, in accordance with the limitations already indicated, have
been so chosen as to be representative so far as possible of known
extensive deposits, and thus have typified a fewer number of fields.
Moreover, the tests have been made more conclusive by using in
them larger quantities of coal of the same sample or type,.the tests
when occasion demanded being extended over longer periods of time.

The plant in which the investigations were carried on has remained
at its original location in Forest Park, St. Louis, Mo. The installa-
tion of the plant has remained practically as reported in Bulletin No.
290, and included a chemical laboratory, a boiler and engine house;
a storage and washery building, two buildings for briquetting pur-
poses, a drying plant, and three full-size beehive coke ovens, all
except the chemical laboratory bemg the property of the United
States Government.

The equipment of the plant during the period covered by this
report has remained much as it was during 1904, and as described in
detail in Bulletin No. 290 and Professional Pa,per No. 48.

In March, 1907, all active testing of fuels at St. Louis was discon-
tinued and the fuel-testing plant dismantled. The sections of steam,
producer-gas, and briquetting were transferred to a new plant erected
at Norfolk, Va., and the sections of coking and washery were trans-
ferred to a new plant erected at Denver, Colo. The remainder of the
fiscal year was occupied in this transfer, so that practically no inves-
tigations connected with active fuel testing other than field and .
laboratory work were in progress from March to the close of the fiscal
year, June 30, 1907.

Most of the experts who conducted the lnvestlgatlons during 1905
have remained in charge of the tests to the close of the period here
covered. No general committee has been appointed by the Director
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of the Geological Survey to oversee the operation of the plant, as in
1904 and 1905, the entire direction of the plant being given over to
the expert in charge, reporting immediately to the Director.

The division of fuels was consolidated with the division of struc-
tural materials and with some miscellaneous investigations into a new
‘branch of the Geological Survey, the technologic branch, by order of
the Secretary of the Interior, April 2, 1907. The administrative
office was established in Washington, and to it was removed the offi-
cial headquarters of both divisions above named, which had heretofore’
been at St. Louis. The permanent organization in Washington there-
after embraced the expert in charge, Joseph A. Holmes; the chief
engineer, H. M. Wilson, who in the absence of the expert in charge
assumes his duties, and 'necessary editorial assistants and general .
clerical force engaged in correspon‘dence records, supplies, shipments,
accounts, ete.

From the Washington office directions are issued in respect to the
investigations, tests, and field work conducted at branch testing sta-
tions and laboratorles ) ‘

The names of the experts and asswtants employed in connection
with the several divisions of the testing work are given in the intro-
ductions to the accompanying reports covering these tests. Those
in charge or having special .appointments have remained practically
as reported in Bulletin No. 290, with the exception of John D. Wick, -
who was succeeded in charge of washing tests by G. R. Delamater,
and John A. Laird, who was succeeded in charge of dperating gas
producels by J. P. Quam, who remained also in charge of the gas
. engine.

The tests reported herein were made on samples of fuel from the
following States and Territories, -the number of samples from each
being also shown:

Alabama...........ooooolL.. S IO) 15 s 3
Ar gcntnn ................... feeeeas 1 |- Pennsylvania......... ... .. .. ... 12
Arkansas........... ... ... ... ...... 7 | Rhode Island......... PO 1
Florida......... s 1] Tennessee.........cooooviii oo 15
GEOTZIR + e e E T B 5 T S 2
Ilinois............ e 28 1 Utah... ... .. ... ... 2
Indiana.... ..o ool 13 | Virginia................o.... e 3
Indian Territory............. U 4 | Washington..... S 3
Kansas......oooaviviia.... ceeee 2| West Virginda.......o.ooooLL 8
Kentucky...... . 4| Wyoming............_....... . ..... 3
Maryland...........ooiiiiiin.. 1 | Miscellaneous................. e T
Missouri.. ... . e 5 —
Montana.................... ..., ceee 2 139
New Mexico.oeeeemveennanin... 6

Each fuel tested went through one or more of the following opera-
tions: Samples of the fuel were taken by inspectors sent to the vari-
ous mines by the Survey for this purpose, and were forwarded for
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chemical analyses. Samples were also taken from the cars, from the
fuel as fired to the boilers, as fed to the producers, before briquetting,
before and after washing, and before coking. All these samples
were forwarded to the chemical laboratory, where proximate anal-
yses, and for many samples ultimate analyses, were made. Samples
of briquetted coal and of coke, as well as the gases produced from
the fuels, were also analyzed. All these analyses are reported herein
and were made by the methods described in Bulletin No. 323, entitled
“Experimental work conducted in the chemical laboratory of the
United States fuel-testing plant at St. Louis, Mo.”

Steaming tests were made to determine the calorific value of the
fuel and the relative amount of energy obtainable from it when used
under a boiler in connection with a steam englne, as compared to the
energy obtainable from the fuel when used in a gas producer and
gas engine; also to determine methods of burning fuel smokelessly
and in such a manner as to secure the highest efficiency in the com-
bustion chamber. These tests are summarized in greater detail in
Bulletin No. 325, entitled “A study of four hundred steaming tests.”

Producer-gas tests were made to determine the absolute efficiency -

of each fuel, as well as the relative efficiency when used under steam
boilers, as stated above.

Washing tests were made to determine the possibility of improv-
ing the quality of the coal and the availability of such washed coals
for the production of coke, since the coal used in coke must be as
free as possible from ash, sulphur, and other impurities, because of

its prospective use in metallurgic processes. Coking tests were made -

to determine the possibility of utilizing the various coals in this way
or. of improving coking practice. Cupola tests of cokes were made to
determine the possibility of using these different cokes in actual
foundry practice and of thereby possibly improving foundry practice.
Briquetting tests were made to determine the extent to which slack
and waste coal can be economically made into briquets, and steaming
tests on briquets were made to determine the relative and absolute
efficiency obtained when burned under the steam boiler, as com-
pared with that obtained with other forms of fuel.

The results of these investigations, wherein each fuel has been
tested comparatively in a number of ways, are shown in the accom-
panying report. The producer-gas investigations have continued
to show the availability of bituminous coals; lignites, and peat rich
in volatile matter, for the production of power. Improvements in
the method of handling of the gas-producer equipment of the plant
have yielded gratifying results, confirming and augmenting those of
the preceding year, and have demonstrated the efficiency of the
" commercial producer in developing a good grade of producer gas
through' proper manipulation of scrubbing and purifying appliances
and tar extractors. These 1nvest1gat1ons have also indicated the

'
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lines along which improvements in gas-producer construction might
reasonably be expected, in order that the producer may utilize
advantageously all varieties of bituminous coal, and especially low-
grade fuels now being wasted.

The briquetting plant has developed new possibilities in the utili-
zation of slack coal and of anthracite culm, when properly briquetted,
as an efficient fuel for combustion on locomotives, both in the express
service, where a smokeless fuel is required on entering large cities,
and in heavy freight service, where high efficiency in hauling over
steep grades is required for a limited period. The experiments
made in burning briquetted coal on the Pennsylvania Railroad and
the Missouri Pacific Railway are being continued on other lines, and
have developed results highly gratifying to the transportation inter-
ests of the country. These experiments are being extended with a

“view to determining the value of briquetted coal for combustion on
the naval vessels of the United States, the twofold object being to
secure a smokeless fuel and a fuel of higher efficiency, especially for
use on torpedo bosts and other naval vessels. The annexed report on
the operations of the briquetting section is segregated into two parts.
Under ““Briquetting tests’’ are reported those operations which had
to do with the mechanical, physical, and chemical manufacture and
testing of briquets. The combustion tests under steam boilers were
conducted, as a matter of expediency, under the direction of the chief
of the briquetting section, but are reported under ‘‘Steaming tests,”
though the steam-boiler section is in no way responsible for the results
of these tests. It is contemplated that in the future such combus-
tion tests of briquets, including the locomotive tests, shall be made
under the direction of the steam-boiler section. -

. THE OUTLOOK FOR FUTURE WORK. .

The fuel problems needing investigation in the immediate future
include practically all those outlined in Bulletin-No. 290 (p. 10), but
it will be possible to undertake only a small portion of these during the
forthcoming year. The more important of these problems are (1) the
" lessening of the waste in mining and (2) greater efficiency in the
utilization of the coal that is mined. From the data now in hand
it is estimated that this waste in mining now exceeds 400,000,000
tons of coal yearly.

The washing and coking appliances which have been removed from
St. Louis to Denver will be occupied' throughout the year on tests
to determine coking values and the methods of coking the coals found
on or adjacent to the public lands of the West—chiefly coals that
belong to the United States or are indicative of the possible behavior
of such coals. Washing tests will be made with a view to determining
how these fuels may be improved for coking or for combustion.

4
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The principal chemical laboratory of the fuel-testing plant has been
removed to Pittsburg, and to it will be sent all fuel samples for
analysis, including briquets, coke, etc. At this laboratory will ‘be
conducted an exhaustive series of investigations into the most efficient
methods of using, for coke and other purposes, the coals and lignites
belonging to the Government of the United States, and the by-prod-
ucts of coke, with a view to determining methods for their utilization.
A branch chemical and physical laboratory will be maintained at the
Norfolk fuel-testing plant for the purpose of experimenting on the
gases' in different portions of the combustion chambers of steam
boilers and ‘of gas producers, analyses to be made of the gases at high
temperatures, and the highest temperatures to be measured. It:is
expected that the results of these investigations may have an impor-
tant bearing on the methods of construction of combustion chambers
and the relation of the heat-transmitting surfaces to the fuel bed.
Routine chemical work will be conducted as heretofore. at the fuel-
testing plants for analyses of samples, including gas and other
products of combustion. A special. investigation will be undertaken
to ascertain the nature of cokes made from different coals, with a view
to determining why good coke. can be made from one coal and not
from another. Field investigations: will be made with a.view to
studying the coals where found, and later these investigations will be
continued in the laboratories at -Washington.

The smoke-abatement investigations-at public buildings \v111 be

-supplemented by more detailed experiments along the same lines at

the Norfolk plant, where different methods of handling the two
Heine boilers and the new 250-horsepower Babcock & Wilcox water-

* tube boiler will be attempted. One of these boilers will be hand fired,

one fired with mechanical overfeed, and one with a mechanical under-
feed stoker. All three are equipped for natural draft, for forced
draft, and for induced draft, and it is believed that it will be possible
to show just how each type- of fuel should be burned in order to secure
the highest efficiency, which means the complete combustion of all of
the carbon and the abatement of smoke. This investigation is con-
ducted with special reference to the needs of power and heating plants
in the Government buildings in the different cities of the country.

-The gas producer will be run on prolonged tests with a view to
determining along commercial lines the fuel values through the gas
engine of the various fuels tested; also with a view to determining the
possibility of utilizing -the, dlﬂerent classes of fuel through the gas
producer for naval purposes.

- The investigation of coal waste at the mines is being extended with

- a view to determining how far such waste is due to improper methods
of mining, especially to the improper use of explosives or to the use of

improper explosives. Investigations are also being made to discover
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‘the extent to which less wasteful methods of mining may be intro-
duced without excessive cost to the operators. (See p. 9.)

Under the wording of the act of Congress providing for the con-
tinuation of the work to June 30, 1908, the technologic branch is
engaged in revising the purchases of coals for the Government, with a
view to adopting better methods of making such purchases, especially
“in regard to specuﬁcatlons which shall consider the ash contained and -
the heating units in the coal. This branch is also engaged in investi-
gating and reporting on explosives and other materials used by the
Reclamation Service and in the Panama Canal. To it has recently
been transferred the mine inspection in the Territories, and this part
of the work of Federal mine inspection will receive particular atten-

tion during the coming year.

ABBREVIATIONS.

The following abbreviations are used in the report:
-B. t. u. =DBritish thermal units.

cr. =crushed.
c. t. p. ==coal-tar pitch.

. e. h. p. =electrical horsepower.
Eng. =English (briquetting machine).
f. c. =finely crushed.

" Lab. No.=chemical laboratory number.

1L =lump.
Renf.  =Renfrow (briquetting nnchlne)
r. 0. m. =run of mine.
r. p. m. =revolutions per minute.
8 =slack.

' sC =screenings. N

w. = =washed.
w.g. p. =water-gas pitch.
* =hriquets used in locomotive test (see p. 42).
t =briquets used in hduse-boiler test (see p. 42).



FIELD WORK.
By Epwarp W. ParkEr and J. SHOBER BURROWS

INTRODUCTION

The conditions for submlttmg coal to be tested and the methods of
inspecting the mine and obtaining mine supplies were the same for
~ the period covéred by this report as during the year 1905.4

PERSONNEL,

John W. Groves and William J. Von Borries inspected and shipped
most of the samples until March, 1906, when Mr. Von Borries resigned.
From March until July all the samples were shipped by Messrs.
Burrows and Groves, with the exception of three from the State of
Washington, which were secured by M. R. Campbell, of the geologic
branch. At the beginning of the fiscal year, July 1, 1906, Mr. Parker
was relieved of his duties in connection with thjs work and Mr.
Burrows, who had directed the field work under Mr. Parker’s super-
vision, was placed in full charge of the corps of inspectors. During
the summer and autumn F. B. Tough and A. K. Adams were em-
ployed for a few months, and K. M. Way and R.T. Carroll joined the
corps of inspectors during this period. N. H. Darton, of the geologic
branch, cooperated with the technologic branch in procuring samples
from Montana.

DESIGNATION OF SAMPLES.

When the sample or car of coal is shlpped it is marked with the
name of the State in which the mine is situated and numbered con-.
secutively in the order of shipment, the numbers for 1906 beginning
where those for 1905 left off. When two or three cars or lots con-
stituting different grades of coal, such as lump, nut, ete., are shipped
from a mine, each lot is designated by a letter. For example, Illinois
No. 23 A, the first shipment, is lump coal, and Illinois No. 23 B is
slack coal taken froin the same mine.

aSee Bull. U. 8. Geol. Survey No. 290, 1906, p. 16. .
12 i '
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SAMPLES RECEIVED AND TESTED.

During the period covered by this report 137 samples from 24 States
and Territories and 1 sample from Argentina weré received and
tested. A

The following is a complete list of the carload samples received, with
the details of the location of the bed, character of the samples,
inspector, and page references for all the tests made on these fuels
during the period here included: '
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WORK OF THE CHEMICAL LABORATORY.
By N; W. Lorp.

INTRODUCTION.

The principal work of the chemical laboratory for the period
covered by this report consisted in making routine analyses and

calorimetric determinations of the various coals tested at the fuel-

testing plant. In addition to the regular work on coals, over 100
samples of pig iron from the cupola tests on cokes were analyzed for
silicon, sulphur, and manganese. Complete analyses were made of
several slags, also from the cupola tests. A large number of mine
samples, sent into the laboratory by inspectors-in different parts of
the country, were analyzed. .

A few special lines of research, 1nv01v1ng a certain amount of
additional analytical work, were also carried on at the plant, to study
the characteristics of coals and to devise improvementsin the methods
of analysis employed. A report of this work is published in a bul-
letin of the Survey.® : ‘

EQUIPMENT

The routine and spemal work has been carrled on in the laboratory
that was fitted up in the foundry building of the plant, as described
in the report of the 1905 work.? The following additional equipment
has been installed: A thermoelectric pyrometer, a number of extra
“ platinum crucibles, and an arithmometer to facilitate the reduction
and the tabulation of the results. The addition of a number of new
" filing cases and other new office furniture greatly facilitated the proper
keepm(r of laboratory records. A

CHANGES IN ANALYTICAL METHODS.

There has been only one change of moment in the methods used in
the laboratory; this was in the method of determination of the
“volatile matter” in lignites. The old method of analysis was the
same as that used in the analysis of coals, and was found to give,

aLord, N. W., Experimental work conducted in the chemical laboratory of the United States fuel-

testing plant at St. Louis, January 1, 1905, to July 31, 1906: Bull. U. 8. Geol. Survey No. 323, 1907.
bSee Bull U.'S. Geol. Survey No. 200, p. 29, 1906.
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WORK 6F THE CHEMICAL LABORATORY. 21

when applied to lignites, results which were too high, owing to the
excessive moisture present. It was modified by introducing a short

preliminary heating at a low temperature before applying the full B

heat of the burner. This procedure was found to make practically
no difference .in the results obtained with bituminous coals, while it
gave much more concordant and satisfactory results when applied to
hfrnltes The experiments on this sub]cct and the comparison of
lesults by both methods are treated in detail i n Bulletin No. 323.

PERSONNEL.

Prof. E. E. Somermeier was associate chemist during the period;
F. M. Stanton, head cheraist; G. A. Burrell, first assistant, and Karl
M. Way, E. C. Waters, and J. W. Peters, assistants. In April Mr.
Waters resigned and was succeeded by J. A. McCalip, who resigned
in September, being succeeded by D. I. Brown. Mr. Way was trans-
ferred to the field section in August and was succeeded by G. O.
Spitler. R. C. Willis was added to the force in December and J. H.
Birdsong in January, 1907. - :

-WORK OF THE LABORATORY.

During the period covered by this report, 2,100 samples of coal
have been received in the laboratory, representing 21 States, 2 Terri-
tories, and 2 foreign fields: -

. The proximate analysis and the determination of sulphur was made
on practically all these samples, and on a large number of them the
ultimate analysis and the determination of calorific value were also
made. These determinations, with such other-analyses as were made
of special materials empleyed in the tests, involved more than 12,000
separate determinations.

The reduction of the results from the alr-drled samples to the basis
of condition as received, the calculation of the ultimate analyses and
of the calorific values of the samples used in the steaming tests and
the gas-producer tests, and the figuring of these results to the dry-coal
bas1s were also performed by the laboratory force, mvolvmg practi-
cally the entire time of one man as a computer.

The analytical results are presented in the detailed report of tests
on each sample. (See table, pp. 14-19.)

The analyses of mine and car samples given in this report are
figured to the sample as received. In reporting the analyses of the
coals used in steaming tests and all briquets, the proximate analysis
is figured to the basis of coal ‘‘as received,” but the ultimate analysis

“1s figured on the dry-coal basis. ’ '



STEAMING TESTS.

By L. P. BRECKENRIDGE.

EQUIPMENT.

The equipment of the steam-boiler sectlon consisted of two Heine
water-tube boilers,® similar in construction and setting. The prin-
cipal proportions of the boiler settings are as follows:

" Leading proportions of the boilers installed at the fuel-testing plant.

Boiler Boiler
No. 1.

0. 2.
Rated capacity of boiler........ ... .o horsepower. . 210 210
Water-heating surface..........o.ooiiiiiiiiiiiiiiiiiiiiiiiaieann. square feet. . 2,031 2,031
Superheating surface. ... ....cooiviiiiiiiiiiimnaaaan. ettt aaas None. None.
(63 £33 - U square feet. . 40. 55 .36.4
Air space through grate.. ... .. .. .ooooiiiiiiiiiiiiiiiiiii i per cent. . 45 35
Available stack draft .....inch of water.. .75 .75
Height of steel stacks....... ... feet. . 115 115
Area of steel stacks. ... ... ..o il square feet. . 7.67 7.67
Number of 33-inch tubes on each boiler et 116 116
Usual steam pressure carried. .. .....ooo.ooiiiiiiiiiiiiiiiaa.s SR pounds. . - 80 80

Each boiler is provided with 1ts own stack and fe‘d by its own
mjector.

Boiler No. 1 was equipped with a plam grate and boiler No. 2
with the McClave rocking grate, but all the tests during the latter
half of the period (tests 402-519) were conducted with a plain
grate. Unless otherwise stated in the detailed report of steaming tests
the plain grate was used. The furnace was of the Heine standard
tile-roof type; no change was at any time made in the design.

PERSONNEL.

The following men were members of the steam-boiler section
during the period covered by this report: Walter T. Ray, Henry
Kreisinger, Harry W. Weeks, Charles H. Green, Robert H. Kuss,
William M. Park, Fred Pahmeyer, Lloyd R. Stowe, R. H. Post,
Ralph Galt, George S. Pope, G. E. Ryder, Fred W. Bird, Perry
Barker, Lyman S. Weeks, Carl J. Fletcher, Clarence E. Woodman,
and Charles E. Augustine. During the period Messrs. Green, Kuss,
Park, Pahmeyer, Post, and L. S. Weeks resigned, and Messrs
Galt, Pope, and Ryder were assigned to other sections of the fuel
investigations.

+ 6 See Prof. Paper U. S. Geological Survey No. 48, p. 301, an(i Blills. U. 8. Geol. Survey Nos. 261, p. 74;
290, p. 33; and 325, p. 173
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COALS TESTED:

In the scope of this report are included the results of 214 steaming
tests on 106 coals from 23 domestic States and Territories and from
Argentina, as follows:

Steaming tests made, by States.

WO W oIt eIL |

Num- Num- . Num-
Coal. her of Coal. ber of Coal. ber of
tests. tests. tests.
Alapama: Indiana—Continued. Tennessee:
.21B. ) 3 N 19 1 No.loovoiiiniaanee.
2 No. 2..
5 . 3 No. 3..
2 : 0.2C 1 No. 4..
1 Nos 2B and 2C = No.5..
Argentmu No.1......... 3 (mixed) 1 No. 6..
Arkansas: No.8.coonnnnnn 1 No. 7 A
No. TA........... .. 2 No.o. .ol 2 No. 71
No. 8..... 3 || Kansas: Nos. 8 A and 8 B
No. 10.... 1 No.2B.......oo.tn 3 (nuxed) ...........
Florida No. 1... 1 NOBuereeevennnnnns 2
Georgia No. 1 1 Kentucky
inoiss 1l No.8..ce...ooo...... 2
1 No 9 Bo....... 1
2 || Maryland No. 2 3
1 || Missouri: Utah:
2 2 No. 1 with Rhode
2 2 Tsland No. 1....... 2
2 2 No. 2 with Rhode
3 1 ) Island No.1....... 1
3 1 No. 3
3
4 1 2
3 1 1
1
2 1
2 2 1
2 1 4
1 2
1 -1 2
2 1 3
1 1
3 1 2
1 2 2
2 1
1 1
i 1 b 2
3 {| Miscellancous:
3 2 Mixed coke.......... 1
2 2 Collinsville....... e 7
2 : % ‘Washery refuse...... 1
2 .
2 2 214
2 No. 22 1
2 | Rhode Island No. 1

The detailed results of the steaming tests may be found by reférring
to the index table on pages 14-19. The results of eleven additional
tests, run for special purposes during the period, are not included in
this report, but will appear later, with.discussions, and those of seven
tests made during the period on coals received in 1905 are also
reserved for future publication.

Many interesting conclusions are obtainable from the “boiler
tests” so far made, but a discussion of -them will require so much
space that it has been decided to present all such conclusions, together
with a large amount of experimental work, in a separate pubhcatlon
entitled “A Study of Four Hundred Steamlng Tests.”e

aBull. U. 8. Geol. Survey No. 325, 1907,
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GENERAL RESULTS.

It is the purpose of the boiler section to make a careful detailed
study of the process of combustion and heat absorption so as to
determine what happens everywhere in ‘the furnace with each indi-
vidual coal, and thus to find the road which may lead to new methods
of testing the burning qualities of coals, independently of the con-
31derat10n of utilizing the heat and temperature thus produced. A
large amount of such work has already been done and is discussed in
the above-mentioned “Study;’ for instance, the simultaneous taking
of temperatures and samples for gas &nalysw at several points along
the path of combustion, from the surfaw of the grate bars to the exit
of the boiler. Such data are now at hand for many coals; but as the
field of work is new it will be necessary to procure an enormous
amount of information before any safe conclusions can be drawn.
It is hoped that in the near future a very long combustion chamber
will be built for special work of this kind.

- One remarkable result of these investigations, discussed in the
“Study,’ ’is an experimental: proof, rea,ched from several directions,
of the correctness of a surmise sometimes made by engineers, thajt
the efficiency of any individual boiler as a heat absorber does not
change with the amount.of fuel burned, but remains fairly constant.
The trouble seems to be that ordmarﬂy not as ‘much heat as has
heretofore been supposed comes into contact with the boiler because
of incomplete combustion. This theory has lately been strength-
ened by routine analyses which have been run for hydrocarbons and
free hydrogen in the flue gases, and which show some traces of large
amounts of these combustible gases. The only mathematical deduc-
tion of this theory known to the writer is that made by John Perry

“in his book, “‘The Steam Engine and Gas and Oil Engines,” page
591, in which he arrives at the following formula from the kinetic
theory of gases and the laws of heat conductivity:
E=1- ((Z)_%z
where E=efficiency of boiler as a heat absorber.
e=base of natural system of logarithms, 2.718:

c=a constant for any individual boiler, dependent on the

general layout of the gas passages. :

Z-_Ienfrth of fire tube in any units.

D_1nternal diameter of fire tube in the same units.

Of course the above equation is deduced only for the case of one
fire tube, clean inside and out, where there isno heat absorption due to
radiation, but it ought to apply to any boiler, and the indications are
that it does so apply, with suitable modifications of the constants, and
that this true boiler efficiéncy is surprisingly constant in actual prac-
tice. It mustberemembered, however, that these results are obtained
from one plant necessarily limited in its scope of investigation. ‘



PRODUCER-GAS TESTS.

By RoBErRT H. FERNATD..

EQUIPMENT.

During the period covered by this. report the only change in the
equipment of the producer-gas testing plant —aside from minor
changes in details leading either to higher efficiency or to greater
ease in ma,nlpula,tlon—has been the introduction of a crude but
effective piece of apparatus for extracting the moisture from the tar.
The apparatus operates by heating the tar moderately and stirring
1t very slowly, and consists of a corrugated-iron tank with a steam
coil in the bottom and a 2-inch outlet for the tar about 6 inches from
the bottom. The tank holds about 8 barrels of tar, and is provided
with a stirring device driven by an electric motor at the rate of not
more than ﬁve turns per minute. By means of this apparatus the
moisture in the tar is reduced to about 10 per cent, but samples
showing as low as 3 per cent have been procured, the amount of
moisture left in the tar dependlng largely on the duration of the

treatment.
PERSONNEL.

Capt. John A. Laird, a consulting engineer of St. Louis, who
became connected with the plant in September, 1904, continued the
~supervision of the operating details of the tests until the first of
November, 1906. He was assisted by J. P. Quam and Kurt Toens-
feldt.

During the period from November 1 to December 15, 1906, C. O.
Nordensson, who had formerly been connected with the plant,
assumed the supervision, at the end of which period Mr. Quam gave
up his connection with the Westinghouse Machine Company in order
to devote his entire attention to this position. Mr. Nordensson and
Mr. Quam were assisted by C. D. Smith and John Laichinger.

Until the latter part of June, 1906, Mr. Quam continued the direc-
tion of the operation of the gas engine. At that time he was called
away from the testing plant by the Westinghouse Company, his place
being taken by Clyde A. Gilmore. Messrs. Quam and Gilmore had
__as assistant engine operators R. E:. Peshak until May 31, 1906;
F. V. Roy until July 31, 1906; Curt Adler throughout thé entire
period; W. B. Lemmon after June 1, 1906; John Laichinger after
July 18, 1906; and John Suter after November 1, 1906.

aSee Bull. U. 8. Geol. Survey No. 290.-

25



26 REPORT U. S. FUEL-TESTING PLANT, 1906-7.

W. C. Weidmann, who had been connected with the plant since
September, 1904, continued in charge of the computations until
April 5, 1907, and had as his assistant during the period covered by
this reportC L Armstrong. Upon the resignation of Mr. Weidmann,
Lauson Stone was made head computer and Spencer Howell became
his assistant.

The chemical work of the producer-gas tests has been under the
supervision of H. A. Grine. He has had the following assistants:
J. G. Goodwin until November 30, 1906; W. L. Hempelmann, July 1,
1905, to October 31, 1906; D.- A. Barclay since November 1, 1906;
J. K. Black since N ovember 21, 1906; and H. M. Cooper since
February 10, 1907.

January 1, 1907, a series of special investigations on small gas
engines was begun. The details of these tests were placed in the
hands of R. M. Strong.

The observations connected with the various tests have been
made by L. A. Delano until November 30, 1906; S. P. Howell until
transferred to the computmg room; Julian Teza untll March 1, 1907;
W. J. Harris, jr., since February 19, 1906; E. C. Herrhng since
February 1, 1906; W. B. Lemmon, May 1, 1905 to May 31, 1906;
H. C. Austin from July 20, 1906, to April 5, 1907; A. B. Bridgeman
during June, 1906; J. C. Barnaby since January 1, 1907; L. C.
Hopkins since January 1, 1907; B. W. Loye from January 1, 1907,
to April 30, 1907; P. G. Weidner from January 1, 1907, to March 30,
1907 and D F. Smlth since November 15, 1906.

REGULAR AND SPECIAL TEST CONDITIONS.

The operating condltlons have been maintained practically the
same as during 1905. The regular schedule consists of two-sixty-
- hour test runs per week. The first eight to twelve hours of each
run are used for getting the fuel bed into uniform and efficient con-
dition. Although records are taken during this preliminary period,
the official test, as reported, includes only the last forty-eight or
fifty hours of the run, during which time the conditions are main-
tained as uniform as possible.

One test, however, designated as ‘‘Producer-gas test 105,” was
carried far beyond the sixty-hour period, in order to establish
beyond doubt the reliability of the gas producer and the gas engine.
The report of this test (see p. 90), which was continued for 562 con-
secutive hours, will therefore be of special interest.

Tests on Massachusetts peat heretofore reported  were not entirely
successful, because the amount furnished was sufficient only for a
nine-hour test. It was demonstrated, however, beyond doubt, that
the fuel would generate an excellent gas for power purposes.

e See Bull. U. S. Geol, Survey No, 290:
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Subsequent to this test a liberal supply of peat from Florida was
procured, sufficient to charge the producer properly, and an excel-
lent full-time test (producer-gas test 117, see p. 77) was made on it,
with no admixture of other fuel. The results were exceedingly
satisfactory.
COALS TESTED.

During the period covered by this report, 69 ¢ producer-gas tests

have been made on 61 coals from 16 States and 1 Territory, as

follows:
Producer-gas tests made, by States.

e e N N e el e i

Num- Num- Numn-
Coal. ber of Coal, - ber of Coal. ber of
tests. ' tests. tests.
Indiana—Continued. Tennessee—Continued.
1(° No.I8B............ 2 No. 5 1
1 || Kansas No. 6.. : 1 No. 6 1
Montana: - No.7 A 1
1 1 Nos, 8 A and 8 B
1 1
. . 1
Florida No. 1.7 11000 1 1
Illinois: 1
No. 1 1
No. 1
No 1 1
No 1 1
No 1 2
No 1
No 1 1
No 1 1
No 1 2
No 1 No. 1
No. 1 No. 1
Indiana: No. 1
No. 1 No. 1
No. 2
No. 1 1
No. 2 1 0.6
No. 1 % Mjscella.neous Coke.,...

The results of the producer-gas tests are given in brief on subse-
quent pages, and may be found by referring to the index table (p. 14).

SUMMARY.

In presenting the following brief summary of the tests made dur-
ing the period covered by this report it has seemed desirable to
compile the data in such form that a direct comparison could be
made between the different types of fuel used. The fuels have
therefore been divided into bituminous coals, lignites, bone coal, and
peat. Thé results from peat are confined to those obtained from the
single test on Florida peat, and might possibly be modified some-
what if they were averaged with results of several tests of peat from
various sections of the country. The figures given for the mixture
of tar, water, soot, etc., delivered by the tar extractor per ton of
coal are very rough. Slight changes in the methods used in oper-
ating the plant will vary these figures considerably, although the
results given represent fair average values.

o Four tests not included in thisnumber were attempted, but the resulting data were insufficient to
report. . .
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WASHING TESTS.

By G. R. DELAMATER.

INTRODUCTION.

During the first six months of the period covered by this report
the washing tests were conducted under the direction of John D. .
Wick, assisted by Edward Moore. J. H. Gould was in charge of the
tests from July 16, 1906, to October 13, 1906, and G. R. Delamater
was in charge from November 15, 1906, throughout the balance of
the period.

EQUIPMENT AND OPERATION.

The Stewart jig used during 1905¢ was employed in making all
tests until February 22, 1906, when the washer plant was almost
entirely destroyed by fire, and with it a few samples of coai that were
stored in the bins. The plant was immediately rebuilt, and similar
equipment and methods were used for the tests made till November
15, 1906.

During December, 1906, a special jig was installed. This jig was
of the center-plunger type; that is, the plunger was directly beneath
the screen, and its upward stroke caused the pulsation. The plunger
had no valves, but instead valves were arranged in the sides of the
jig body. to admit the water supply on the downstroke of the plunger.
Cams and springs were so arranged that the plunger had a slow down-
ward and a quick upward stroke. The screen of this jig was 4 by 5
feet in area and was made of strips of No. 10 wire running lengthwise
of the-screen frame and set one-sixteenth of an inch apart. The
length of stroke was adjustable up to 4 inches. The depth of the coal
bed was also adjustable. ’

Owing to the fact that the power for operating the washer plant
was furnished by a 12 by 16 inch Frost steam engine, belted to a main
shaft from which the jigs and other machinery were driven; it was
" impossible to change the speed of the jigs. Better results could have
" been obtained on some coals tested had it been possible to change the
speed to suit the length of stroke used.

aBull. U. 8. Geol: Survey No. 290, 1906, p. 31. )
' 29



30 REPORT U. 8. FUEL-TESIING PLANT, 1906-7.

As the only crusher available for this work was an 18 by 24 inch
Cornish tooth-roll crusher, it was impossible to crush some coals as -
fine as was desirable. However an adjustable-mesh bumping screen
was installed in January, 1907, in such a manner that the coal was
first passed over this screen and the tailings then passed on to the
crusher, while the coal which went through the screen dropped into
the bm over the jig. The product of the crusher was then elevated
again to the screen, and this cycle of operation was répeated untll all
the coal passed throu;zh the screen.

In December, 1906, a ‘““float and sink” testmg equipment was
installed. Before each washing test was made samples of the raw
coal, quartered down to 2 kilograms each, were tested on four differ-
ent specific-gravity solutions. In this manner it was possible te
make a preliminary determination of the result of a separatlon under
‘varying percentages of washed coal and refuse, and the coal was then
washed with the jig regulated to discharge, as refuse, a percentage
about equal to the percentage found advisable from the float and sink
tests. After a washing test was made a sample of the refuse was
taken and quartered down to four samples of 2 kilograms each, and
these were also tested on the specific-gravity solutions. The test
showing the highest percentage of float coal and having an analysxs
which agreed falrly with that of the washed coal was then used in
determining the percentage of loss of good coal in the refuse. In this
manner the efficiency of the test was shown. :

EXPLANATION OF THE WASHING-TEST DATA.

The only parts of the washing-test tables requiring explanation are
the ‘“ Per cent reduction” and ‘“ Amounts actually removed’’ as given
in the note accompanying the tables. The per cent of reduction is
obtained by comparing the percentages of impurities in the raw coal
with those in the washed coal. It will be readily understood that if
the ash alone be reduced by washing the fixed carbon and volatile
matter will show a higher percentage in the washed coal than in the
raw coal. However, in actual practice it is impossible to make so
perfect a separation that there will be no portions of constituents
other than the impurities removed in washing, and therefore the per-
centage of any one constituent in the washed coal is affected by the
reduction of each of the other constituents. - This is clearly indicated
in test 192, on Alabama No. 6 (see p. 60), and in test 198, on Virginia
No.6 (see p.271). By comparing the analyses of raw and washed coal
in test 192 we find the same percentage of sulphur in the washed coal
as in the raw coal, and in test 193 the sulphur in the washed coal is
higher than it was in the raw coal. It will therefore be seen that a
simple comparison of the analyses of raw and washed coal does not
always show whether any of the sulphur in the raw coal was actually
1emoved with the refuse iri washing.
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In order that this point might be determined, the following formu-

las were derived and used in making up this report.

It will be noted

by referring to the test data that in test 192 (p. 60) 10 per cent of the
original sulphur in the raw coal was removed with the refuse in wash-
ing, and in test 198 (p. 271) 13 per cent of the original sulphur was
removed
Let X =the percentage of reduction of any constituent.

Y =the percentage of the constituent removed by washmg

" M=the percentage that the amount of the constituent in the
washed coal is of the amount in the raw coal.

.

@=the percentage that the washed coal is of the raw coal.

b=the percentage of the constituent in the washed coal.
c=the percentage of the constituent in the raw coal.

Then—

M=ab

COALS TESTED.

c—M
T oe

During the period covered by this report® 61 washing tests were
made on 57 coals from 14 domestic States and Territories and Argen-
tina, as follows:

Washing tests made, by States.

: Num- Num- Num-
Coal. ber of Coal. .| ber of Coul. ber of
tests. tests. tosts.
Alabama: L Tllinois—Continued. NewNMGX|co—Coxlti11ucd
0.2B........lL 20  No.b................ 1
No. 3. ..o, 1 2 || Ohio No.12............. 1
No.dooooiiiiiaan 1 1 || Pennsylvania:
No.booiiiiiiiians 1 1 No. 12 1
No.6......... 1 No. 15.. 1
Argentma, No. 1.. 2 1 No. 17.. 1
Arkansas: 1 No. 20. 1
No.1B 1 Tennessee:
- No.78B 1 1 No. 1.. i
No. 8... 1 1 No.§..oooeiian 1
0.9 1 No.78B 1
Illinois: 2 Nos. 8 A and 8 'B
No. 20 1 1 mixed............. 1
No. 21 1 1
No. 22 A 1° 1 1
No.22B 1 1 1
No.23 A 14| Missouri: Vlrgmm No ool 1
No.23 B 1 No. 5. 1 Wcst Virginia:
No. 24 4 1 No.7 A 1 2% 1
No. 24 1 1 No.78B.. 1 1
No. 25 A 1 || New Mexico: Mlsocllancous No. 10 1
No. 26.. 1 No.3C.. 1 e
No. 27 1 No. 4 A.. 1 61
No. 28C 1 No.4B.............. 1

The detailed results of the washing tests may be found on Lhc pages

referred to in the index table (pp. 14-19).

aBesides, these tests, two tests not reported herein were made, as follows:

Missouri Nos. 6 and 7, respectively (coal burned in the fire at the plant).

Tests 155 and 154,



COKING TESTS.

By A. W. BELDEN.

INTRODUCTION.

The coking tests for the period covered by this report were made in

the two beehive ovens that were employed in the 1905 tests, and the

method of procedure was the same.®
The personnel of the section remained the same, the writer being
ass1sted by W. E. Vickers, of Pocahontas, Va.

COALS TESTED.

In the scope of this report, covering the period from January 1,
1906, to February 20, 1907, are included results from 98 coking tests
on 57 coals from 17 States and 1 Territory, as follows:

Coking tests made, by States.

Num- . Num- ’ Nume=
Coal. ber of Coal. ber of Coal. her of
tests. . tests. tests.
Alabama: " |l Indiana: ' Tennessee:

No.12...
No. 17.

74
POPLRPIS
DL T ORI

1 3
2 i
2 2
1 2
2
2

4 No. 9'A.. 1 No
2 || Missouri No. 5. 1 No.8 I
5 || New Mexico: - No
1 No.3C. 2 No. 10

No. 4B 2 No. 11
2 No. 5.. 2 || Utah:
2 Nos. 3 (' 4B, and 5 No.l................
2 mixed............. 1 No. 1 (with Rhode
1 |f Ohio No.12............ . 1 - Island No. 1)......
2 || Pennsylvania: Virginia No. 6...........
2 No. 1l 1 || Washington No.2.......
1 No.12..... 2 || West Virginia No 25...
2 No.15..... 2 || Wyoming No.5......... '
1 No.17..... 2
1 No.19..... 2 98
1 No.20..... 2
2 No. 21 5
1

No.34B............

Of these 98 tests, 39 were made on raw coal, 51 on washed coal,
5 on washed. coal with the addition of pitch, 1 on washed coal with
the addition of asphalt, and 2 on raw coal with the addition of graph-
itic coal low in volatile matter.

" aSee Bull. U. S. (.u)l Survey No. r‘90 1906.
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Of the 57 different coals, 4 produced no coke, viz, Illinois No. 21,
Illinois No. 24 A, Indiana No. 18 A, and Wyoming No. 5.

Two efforts were made (tests 141 and 157) to improve coke from
Utah No. 1, by mixing with this coal 33} per cent and 25 per cent,
respectively, of Rhode Island No. 1, a graphitic coal containing 4.92
per cent volatile matter, the idea being to reduce the volatile matter
to approximate that contained in good coking coal.. In the test 141
no coke was produced; test 157 gave 3,504 pounds of very inferior
coke, and 3,208 pounds of breeze (p 263).

The results of the coking tests may be found in the detailed report
of each sample presented on the following pages.

FUTURE WORK.

It has been decided to move this section of the plant to Denver,
Colo., in order to take up the question of producing coke from western
coals and to experiment further with the addition of volatile hydro-
carbons to noncoking coals and to coals produclng an inferior grade
of coke. Tests will also be made with the mixing of coals, and differ-
ent degrees of fineness of crushing. The scope of the work will be
extended to include by-product coke.

19698, Bull. No. 332—08——3



CUPOLA TESTS ON COKE.

By RicEARD MOLDENKE.

EQUIPMENT.

Owing to the removal of one of the cupolas which served for the
tests on foundry coke during the Louisiana Purchase Exposition, all
the tests made since then were conducted in.the 36-inch Whiting
foundry cupola. The 36-inch shell was relined to 26 inches internal
diameter. There were four horizontal tuyeres 11 inches above the
sand bottom, and the total tuyere area was 96 square inches, giving a
ratio with the cupola area of 1 to 5.96. By training the crew properly
it was ‘possible to run off two heats a day without interruption.

PERSONNEL.

The cupola tests were conducted by W. G. Ireland, under the direc-
tion of A. W. Belden, the coke expert of the Geological Survey, and .
- with the advice of Dr. Richard Moldenke, in charge of the cupola tests
of the fuel-testing plant.

METHOD OF TESTING.

The method of testing has been fully described in the report of the
fuel-testing plant for 1904.¢ It was sometimes necessary to v(?iry the
proportion of scrap to pig iron, according to the supply toward the end
of the tests, but the total amounts were kept correct as planned for
the general series of tests. ' _ A

After completing the tests on the available cokes in the regular way,
so that the results might be comparable with the previous work of the
section, a further series of tests was made on some of these cokes. In
these tests the bed coke was not kept at a constant height above the
tuyeres, but the carbon content was calculated from the analysis of
the particular coke, and a sufficient amount taken to make up 175 -
pounds of carbon; regardless of the height above the tuyeres. The
results, which show interesting features, are withheld for a publication

a Prof. Paper U. S. Geol. Survey No. 48, pt. 3, 1906, pp. 1367-1370.
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" dealing with coals received during 1905. Some cokes gave better
melting ratios and melting rates per hour than with the ordinary test
methods and others gave inferior results. The tests were made to
show the advisability, on the part of the manufacturer as well as of
the foundryman, of studying the conditions of cupola practice with a
view to adopting those methods which give the best results.

COKES TESTED.

The results of 69¢ cupola tests on 33 different cokes made from
fuels from 11 States and 1 Territory are included in this report. Many
of these tests are on washed samples, and several of the tests were
repeated in order to get more satisfactory results. The origin of the
samples and the numb?r of tests made are as follows:

Cupola tests made on coke, by States.

Num- |i Num- Num-
Coal. ber of || - Coal. ber of Conl. ber of
tests. tests. tests.
Missouri No. 5.......... 1 || Tennessee—Continued.
2 Ncw Mextco . NO.Geewrrnnnieanee 2
3 1 No.7B... 10 2
4 Nos 8 Aand 8 B
2 xed...oooeuann.. 2
-2 1 NosQBand‘.’!C
2 mixed............. 2
2 2 No.10.......... 2
6 No. 11.......... 2
1 1) Utah No. 1......_.. 1
3 3 Washington No. 2 2
1 2 69
1 2
1 3
2
3 .
3

The defailed results of the standard series of tests on these cokes
may be found by referring to the index table (pp. 14-19).

aThis number does not include the tests on fuels received during 1905, many of which were con-
ducted during this period. These tests are reserved for future publication.



BRIQUETTING TESTS.
By C. T. MALCOLMSON.

INTRODUCTION.

During the latter part of 1905 tests were canducted ¢ on briquets
made in the briquetting machine built by William Johnson & Sons,
Leeds, England, and hereinafter called the.‘‘English’’ machine. No
attempt was made to obtain data on these tests other than superficial
observations on combustion. The results were entirely satisfactory,
and it was therefore decided to continue, during 1906, to make
briquets from the surplus of samples of coal sent to the plant, in
order to substantiate with practical tests the conclusions reached
from laboratory experiments made during the previous year.

PERSONNEL.

On January 1, 1906, the writer was instructed to proceed with
these investigations. W. J. Chapman was placed in charge of the
operation of the machines, making the briquets used in the tests
~and assisting as observer in obtaining the accompanying data, and
Robert Strasser, of Vienna, was placed in charge of the chemical
laboratory of this section. To this staff were added G. E. Ryder, in
charge of locomotive tests, assisted by Ralph Galt as gas chemist and
computer and C. W. Vocke as observer; also C. L. erght in charge
of physmal tests.

EQUIPMENT.

The work of briquetting the samples already reported for other .
tests made during 1905° was barely started when the briquetting
plant and all stored briquets and fuels were entirely destroyed or
ruined by fire. In rebuilding the. plant, provision was made for the
installation of an experimental briquetting machine of the plunger
type, built in St. Louis after several years of experimentation and
known herein asthe “ Renfrow”’ machine. Thefundamentaldifference
between it and the English machine is that the Renfrow machine

aBull. U. 8. Geol. Survey No. 290, 1906, pp. 40-52.
b Rull. U. 8. Geol. Survey No. 290, 1906, *
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makes briquets at each end of the stroke of the plunger: By this
design the briquets are kept under compression in the dies twice as
long for the same output as they are in machines of the English type.
The same length of time for compression being assumed, however,
and other conditions being equal, the Renfrow machine hasdouble the
output of other plunger-type machines. The period of compression
is determined by experience and fixes the speed of the machine. The
longer the pressure remains on the warm charge the greater the cohe-
sion and the better the briquet, but the smaller the output.

Twelve briquets are made on the Renfrow machine at each end of
the stroke, or 24 in each revolution. At 12 revolutions per minute the.
output was 4 tons per hour, on an average, for all fuels. The machine
was successfully operated at 16 revolutions per minute with a rela-
* tively increased capacity, but the lower speed was better adapted to
the experimental work. The pressure obtainable under ordinary
working conditions never exceeded 1,000 pounds per square inch,
whereas a pressure of 2,000 to 2,500 pounds per square inch is consid-
ered necessary to make satisfactory briquets. For this reason it was
found necessary to use a softer pitch and a greater percentage of binder
than on the English machine, in order to make good briquets. The
fault was somewhat obviated on the Renfrow machine by the jacketed
heaters, which made it possible to control absolutely the moisture
content. Advices have been received that the Renfrow Company
has begun the construction of a new machine capable of producing
higher pressure, and much stronger and heavier in every way. The
brlquets will be 3} inches in diameter and will weigh 12 ounces each.

The English machine was not seriously damaged by the fire, but1 in -
repairing it considerable care was taken to strengthen certain parts,
‘to provide better lubrication and alignment, and to replace the tight
and loose pulleys with friction clutches. The new plant was first
operated in May, 1906, and as a result of previous experience it con-
- tained some improvements in the methods of crushing, mixing, and
conveying the fuel, and of preparing the fuel and binder before briquet-
ting. The new auxiliary equipment for the two machines was not
materially different from that originally belonglng to the English
machine.®

The foundation of the Stedman disintegrator was raised to a level
with the floor so as to be more accessible. A storage bin of 40 tons
capacity, divided into four equal compartments, was built sufficiently
high above the charging floor to allow coal to be drawn by gravity
into the hopper scales placed on this floor. A pitch cracker was so
placed beside the scales that pitch from it and coal from the scales
could pass uniformly to a mixing conveyor directly under the charging
floor and be discharged into the disintegrator on the floor below. By

a Prof. Paper U. 8. Geol. Survey No. 48, 1906, p. 1392; Bull. U. 8. Geol. Survey No. 290, 1906, p. 40.
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_ this arra,ngement small samples of coal and binder could be turned
on the charging floor and fed by hand into the conveyor through a
hole in the floor: A bucket elevator and a divided chute provided
with a gate served to convey the fuel from the disintegrator either
to the agglomerating cylinder of the English machine or to the stor-
age bin built above and directly behind the Renfrow machine. This
bin contained an agitator to prevent the fine fuel from packing. The
fuel was carried from the bin to the hoppers of the Renfrow machine
by belt conveyors, the amount delivered being regulated by gates
in the bottom of the bin. Provision was made for the use of either
liquid or hard pitch as a binder for briquets made on the Renfrow
machine. During the hot weather considerable difficulty was ex-
perienced in conveying the finely divided and thoroughly mixed
coal and pitch from the disintegrator to the Renfrow machine. This
difficulty was obviated by introducing the melted hard pitch into
the coal as it entered the hoppers of the machine, care being taken
to maintain uniform temperature and rate of flow of the pitch.

The bronze bushings of the dies in the Renfrow machine were
renewed toward the end of the period, and it was thought advisable
to place heavier springs behind the plungers, as those in the machine
when it was installed had been badly jammed and weakened by
double charges. -Similar renewals were made on the English ma-

. chine, in which all of the partition walls of the bronze bushings were
cracked, owing to improper alignment of the plungers and unequal
loading of the dies.

The necessity of maintaining a comparatively large force of com-
mon laborers about the plant for careful handling of samples, both
in the raw and briquetted form, justified the use of more labor in the
actual -briquetting operations than would be found in a commercial
plant. The thorough cleaning of all conveyors, bins, and auxiliary
apparatus before briquetting each sample was of as much importance
for comparative results as the actual briquetting of the fuel; con- -
sequently no attempt was made to develop mechanical means for
doing this work.

THE BRIQUETS.
- DESCRIPTION.

. The essential differences between finished briquets from the English

and Renfrow machines are (1) the shape, (2) the size, and (3) the
cohesion of the warm brlquet

The Enghsh briquet is rectangular, 4} by 6% inches, and averages
24 inches in thickness and 34 pounds in weight. The Renfrow .
briquet is made in biscuit shape, being a short cylinder 3 inches in
diameter, having rounded ends, the thickness between the ends
rangmg from 1} to 3 inches accordmg to the fuel. The average
weight is 8 ounces. -
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The difference in cohesion of these two briquets as they come from -
the machine is due mainly to the method of treating the fuel before”
compressing it into briquets. In the English machine a charge is
fed into the agglomerating cylinder, where it is heated by passing
steam through the mass, superheated steam being used if the coal
is high in moisture. The finished briquet consequently contains an
excess of moisture, which retards hardening and necessitates careful
handling until the briquets become cold. In the treatment of fuel
for the Renfrow machine, uncombined moisture is reduced to as low
a point as practicable. The mixing of the mass is accomplished
uniformly and continuously in jacketed cylinders, using superheated
steam. Toward the end of this process the moisture content is
raised to the amount requisite to make good briquets by the admis-
sion of wet steam or water, according to the temperature of agglom-
erate desired at the dies. By this means the moisture in the briquet
is kept constant and at a minimum. The briquets are sprayed with
water on ejection from the dies, and on delivery from the machine are
sufficiently hard to be handled by coke forks and loaded for shipment.

BINDERS USED.

In accordance with the practice well established in Europe and the
results of the laboratory experiments of the previous year, no binder
has been considered except two of the pitches derived from the dis-
tillation of the tar obtained as a by-product in the manufacture of
illuminating gas. The large and increasing use in this country of
illuminating gas made by carburetting water gas with oil suggested
the use of the pitch thereby obtained, which is known in this report
as water-gas pitch (abbreviated to w. g. p.). The other pitch used
is that derived from the destructive distillation of coal, and is here-
~ called coal-tar pitch (abbreviated to c. t. p.). The pitch derived
from by-product coke ovens was not considered, on account of the small
number of these ovens in this country. In order to obtain data
which would be comparative, all briquets in any one lot were made
with the same binder. The binder was as nearly uniform as would
be found practicable in commercial operations where the quality of
the pitch could not be absolutely controlled.

QUALITY OF PITCH.

No effort was made to determine the best quality of binder for each
coal, or for each machine, because of the small amounts of the sam-
ples available. On account of the relatively low.pressure obtain-
able on the Renfrow machine, the binder the smallest percentage of
which was required to make briquets with satisfactory physical
properties proved to be pitch just hard enough to be broken easily:
in the pitch cracker, while pitch from which more of the heavy oils had
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~been distilled produced less smoke. The hardness of the blnder was
" determined by a compromise between these two factors. From -6
to 8 per cent of binder was used.

The ‘‘flowing test” for determining the hardness of the pitch was
made in the following manner: The bulb of the thermometer was
covered with a thin layer of melted pitch, which was allowed to
harden. The thermometer was passed through a cork fitted in the
mouth of a test tube, which held the bottom of the thermometer
bulb 2 inches from the bottom of the tube. The test tube was then
held in a vertical position in a beaker of boiling water. As the pitch
became soft it gradually dropped from the thermometer in the form
of a thread, and the temperature recorded when this thread reached
the bottom of the test tube was called the ‘‘flowing point.”

A fractional distillation of the pitch was made as another check on
its quality. From this distillation the oils coming off under 572° F.,
between 572° and 680° F., and between 680° and 743° F. were re-
corded. The most reliable test that was found for determining the
binding property of a pitch has already been described.® Pitch that
at the temperature of the mouth could be bitten nearly through
before breaking- proved the most satisfactory binder for most coals
briquetted.

The results of the tests on binders are given in the following table: -

Tests and analyses of pitch binders.

o

Oils by distillation (per cent). : E:t(itrac-
on
| analysis:
Calorific | Fl Fitaotod
Labora- | Calor ¢ | Flowing racte:
tory No. | o) | PSR | wpto | sreeto | esooto | Total | (Sample
572°F. | 680°F. | 743° F. | YB.RR | ceived)
by CSs
(per
. cent).
i |
2735 |oeeiiennnn 186.8 | Data lost in fire 58.56
2729 |.......... 255.0 |..... do..... . 61.20
2748 ... ... 144.0 |..... do - 89.20
2933 15,937 176.0 |..... do 64.20
3258 16,373 179.6 3.66 80.27
3296 16, 427 171.5 3.08 82.43
3410 16,478 175.1 85 79.98
3486 16, 407 186.8 1.75 85.57 v
3623 16,027 165.2 85 69.26
3624 16,193 172.4 1.25 99.60
3692 16,103 158.0 1.89 69.71
3885 16,870 140.0 1.43 95.20
3962 16,196 159.8 3.00 77.79
4120 17,060 154.4 75 97.70 .
4318 16,744 165.2 1.00 90.42
4319 4 16,139 158.0 2.75 66.25,
' 4543 16, 969 143.6 1.62 99.66
4625 16 576 156.2, 1.61 .90. 56
4683 16, 637 161.6 1.28 89.31
4806 16,864 143.6 1.09 96.90
4825 17,156 114.8 .46 . . 100.00
4879 16,805 125.6 1.33 16.53 15.15 33 01 94.50

a Prof, Paper U. S. Geol. Survey No. 48, pt. 3, 1906, p.-1396.
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PERCENTAGE OF BINDER.

In handling a given sample of coal various percentages of binder
were used in briquetting lots of 600 pounds. The remainder of the
coal was briquetted with the minimum percentage of binder found
. necessary to make a satisfactory briquet. In all cases the fuel and

binder were both weighed separately, and the percentages of binder
given are taken from these figures. The extraction analyses by
carbon bisulphide, the results of which are given in the above table,
-were made from carefully selected samples of coals, pitches, and
briquets, and the percentage of binder in the finished product was
calculated from these determinations.

SAMPLING AND DRYING.

A majority of the coals sent in for briquetting tests only were slack
coals and were unloaded on the ground. Unless these samples had
been subjected to heavy rains they were taken direct to the briquet
bins. Washed samples, very wet slack, and coals high in moisture
- were passed through the direct-heat rotating drier furnished by the
C. S. Snow & Bartlett Company. In some cases, where the mois-
~ ture content was very low, so that it was necessary to add consider-
" able water to the coal, the water was added before grinding, samples
for moisture being taken during the course of the day’s run.
Ordinarily, however, the coals and the binder were sampled ‘as they
were fed into the disintegrator. The steaming-test analyses of bri-
quets were used where possible and are given in this report. . When

-no steaming tests were made, the samples for analyses were taken
as the briquets left the machine. All briquets shipped from the
plant for test were sampled as loaded and not as taken from the
machine.

TESTS ON BRIQUETS.
COMBUSTION TESTS.

The only method available for determining the relative heating
values of briquets consisted in burning them under boilers, the con-
ditions being uniform with those for the steaming tests on coals.
These tests were made by the boiler section in every case where there
was a sufficient number of briquets, and are reported under ‘‘Steam-
ing tests” in this bulletin. When coal was not available to make
enough briquets on each machine, with the same percentage of binder,
for a complete steaming test on both the English and Renfrow bri-
quets, the test was divided into five-hour runs on each machine.

Several small lots of briquets containing various percentages of
binder were burned under the boiler to note the behavior of the bri-
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quets in the fire and the effect on quantity of smoke, but the main
test was on briquets of a uniform percentage of binder. In many
tests it was necessary to break up the English briquets in order to.
obtain capacity on the boiler, although every effort wasmade to burn
them unbroken for comparative results.

‘Besides these tests on briquets at the plant, two series of tests were =~

' run—one using the briquets in locomotive boilers, and the other in
boilers for house heating. In the detailed reports given in this vol-
ume tests from which the briquets were used in locomotives are indi-
cated by a star (*) attached to the test number, and those from which
the briquets were used in house boilers by a dagger (). In many
tests the product was divided, part being used for a house test and
part for a locomotive test. The reports on these special tests are
reserved for publication in'a subsequent bulletin.

DROP TESTS.

An effort was made to obtain reliable data on the crushing strength
of the various briquets. After repeated trials on selected briquets
from several runs, the record was abandoned, as the results from
briquets made of the same coal and under similar conditions did not
check. Briquets taken at random from the same lot differed widely.
The following method of testing the strength of the briquets, called
the ‘“drop test,” was chosen as an approximation of the handling
to which they would be subjected in commereial use. A box, 24
inches square and 12 inches deccp, was constructed with a bottom
consisting of two trapdoors hinged at the sides and so closed as to
be easily tripped open. This box was supported 6% feet above a
cast-iron plate, which was placed at the bottom of a second box 12,
inches deep. Fifty pounds of briquets, placed in the upper box,
were suddenly dropped upon the cast-iron plate. The mass was
then screened on a 1-inch mesh wire screen, and all the pieces held
were again dropped from the box; and so on until the dropping had
been performed five times. The percentage of the weight of the
.pieces held at the last screening to the original weight of the briquets
was called ‘‘per cent held by 1-inch screen,” and the remainder was
called ‘‘per cent through 1-inch screen.” '

TUMBLER TESTS.

The tumbler tests were chosen to obtain a fair record of the cohe-
sion of the briquets, especially when subjected to abrasive action.
The method used follows closely the one adopted by the French
navy and used as a standard in France. The apparatus consisted
of a tumbler manufactured by the S. Obermayer Company. A
number of whole briquets weighing as near 50 pounds as possible
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were placed in the tumbler and rotated for two minutes at a uniform
speed of 28 . p. m., after which the contents of the tumbler were
screened through a 1-inch mesh screen and the finest again screened
through a 10-mesh sieve. The pieces held by both screens were
weighed and the data in the tables determined by these weights.

: WEATHERING _TESTS.

" Small piles of all briquets made were labeled and placed in a
yard exposed to the weather. Although all the briquets have not
had uniform weather conditions, the length of the exposure is a fair
basis for comparison. As no ideal briquet is available as a stand-
ard for comparison, it is difficult to give in a concise statement the
actual condition of these briquets. The following is the key to the
designation of condition given under ‘‘ Weathering test:”

- Condition A: Briquets practically in same condition as when puf
out.  Surfaces show no signs of erosion or pitting. Briquets hard,
with sharp edges, and fracture same as that of new briquets.

Condition B: Shape of briquets unchanged. = Surfaces-of those on
“ top of pile have lost luster, with evidences of pitting; corners and
edges worn off by erosion. All briquets firm, with fracture prac-
tically the same as that of néw briquets.

Condition C: Top briquets appear similar to those in condition B,
and show signs of further disintegration, having lost original sharp
fracture. Erosion more evident on all briquets on outside of the pile.
Inside briquets still firm, retaining original characteristics.

Condition D: Top briquets so badly disintegrated that they crum- -
ble to pieces on handling. Briquets in center of pile show signs of
disintegration; luster of surfaces gone; edges soft, and break easily in
the hand. Fracture not so sharp as when newly made, but briquets
firm, and handled without breaking.

Condltlon E: Entire pile disintegrated. In many cases the only
briquets retaining their original shape are those protected from the

weather. Briquets can not be handled safely, but crush easily in the
hand. '

ABSORPTION TESTS.

The object of the absorption tests was to determine (1) the rate
of absorption of water by the briquets each day; (2) the time required
for the absorption to become practically complete; and (3) the time
at which the absorption actually ceases or the briquet disintegrates.
The apparatus consisted of a hydrostatic balance with containing
tank and four galvanized-iron pans 24 by 36 by 6 inches. The total
" number of samples were tested in two sets—briquetting tests 138 to
198 and.199 to 250.
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Four Renfrow briquets or one English briquet were taken as a
sample from each representative lot of briquets tested. These
briquets had been stored under cover directly after being made, so
they may be safely considered as air-dried samples. So far as possible
briquets with perfect surfaces were used.

The method used in testing was as follows:

(@) The sample was weighed in air to the nearest gram, on the
upper part of the hydrostatic balance.

(b) The sample was then weighed in water by being submerged
on the lower shelf of the balance, the hour and minute of this immer-
sion being noted.

(c) The sample was removed from the balance, placed in pans, and
covered with one-half inch of water.

(d) Each succeeding day at the same time as the first immersion -
. the operation noted in b was repeated.

(¢) The gain in weight was noted each day by subtractmg the
observation for that day from the weight noted in b.

(f) This gain in weight was calculated to per cent of the original
weiglit of the dry briquet, and so recorded each day.

The hydrostatic balance was brought to perfect adjustment twice
- a day to correct for variation in density of water due to variations in

its temperature, which was recorded three times daily. :

DENSITY.

The apparent specific gravity, being the weight in air divided by
the loss of weight in water, was calculated from readings ¢ and b of
the absorption tests.

SPECIAL TESTS.

Water-gas machine test—The object of this test was (1) to deter-
mine if the briquets could be used as fuel for the production of water
gas; (2) to compare the results obtained with those from retort coke;
(3) to observe the behavior of the briquets in the apparatus.

The briquets made in test 164t (see p. 75) were shipped to the
Mullanphy street station of the Laclede Gas Company, of St. Louis,
Mo., and tested in an 8}-foot water-gas machine of the Lowe type.
This machine has a rated capacity of 1,000,000 cubic feet in twenty-
four hours. This test was made under the direction of W. A. Baehr,

chief engineer of the company, and the observations given below were
made by Mr. Wright.
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Data from water-gas machine test.

Length of blast....... e e e i minutes. . 5
Lengthof run........ ... . ... do.... 6
Total number of cycles. . ... .. . 42
Total number of runs made............. ... ...l 213
Total briquets used. ... .. .. ... ... pounds. . 85,100
Total gas recorded by meter in 48 hours.......... e PR cubic feet.. 1,959,000
Correction for relief holder...... .. ... ... ... ... ... . ..... s do.... 56, 100
Total gas made in 48 hours.......................... R do.... 1,902, 900
Average temperature of gas metered................... e °F.. 73
Total gas made in 48 hours corrected to 60° F......... ... ... cubic feet. .. 1, 854, 000
Total oil used in48 hours......... ... ... ... . ...l gallons. . 7,710
Average pressure of air during blast..................... inches of water. . 22.5
Average steam pressure during Tuns..........oviiiiiiiaiaaa.. pounds. . 29.2
Briquets per 1,000 feet of gas as metered (corrected to 60° F.)..... do. eet _45' 9
5-hour coke per 1,000 feet of gas as metered (corrected to 60° F.).. .. 3L.5
Oil per 1,000 feet gas as metered (corrected to 60°F.)............ gwllons. . 4.16
Average luminosity of gasmade...........i...oooois candlepower..  19.4
with briquets...................candle feet.. 4.65

Average amount of gas made{with 5-hour coKe. . oo do.... 5. 60
i iquets. .. ...ooooiiiiiiil B.t.u.. 624

v e vl of T ROL D

with briquets......... cubic feet. . 8,940
with 5-hour coke.......... do.... 8,450

Average yield of gas as metered per run{
Average amount of oil Perrum. ... ... .. gallons. . 36.2

 Cupola test.—The briquets made in test 247 (see p. 293) were sent
to the Madison plant of the American Car and Foundry Company, of
St. Louis, Mo., and were tested in a cupola under the direction of
Mr. Ireland, of the coking section. The object of this test was to
determine if the coke breeze- when briquetted could be made to
replace or be used in connection with coke in foundry practice. It
was hoped that, by the addition of lime to the pitch as a binder, the
briquets would be able to support the weight above until they became
thoroughly coked through, the lime being available also as a flux.
Coke was used during the first charges and 150 pounds of briquets
were used on each of the last five charges, although 100 pounds of fuel
is the regular practice at the foundry. The briquets were considera-
bly broken up during the charging of the iron, and finally, as they got
down well into the cupola, they broke down entirely, letting the iron
down below the melting zone. After dropping the bottom, about
1,500 pounds of unmelted iron was found in the cupola.
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COALS TESTED.

In this report are included 134 @ briquetting tests on 53 coals-from
16 domestic States and 1 Territory and one sample from Argentina,

as follows:
Briguetting tests made, by States, etc.
Num- Num- Num-
Coal. ber-of Coal. her of Coal. ber of
tests. ’ tests. tests.
Indiana—Continued Tennessee—Continued.
1 1 No. 4 (with Miscel-

4., 1 1 laneous No. 5)..... .2
Argentina 1 No.7B....o.o.oooe.. 1
Arkansas: 12 Nos. 9 B-and 9 C

B 1 4 mixed 1
3 1 No. 10.... 1
Kansas No.2B. 7 || Texas No. 4 1
1 {| Maryland No. 2.. 4 || Utah:
4 |l Missouri No.10.......... 5 No. 1 (with Rhode
3 || Pennsylvania: i Isla,nd No.1)...... 1
No.15 . iveee e, . 1y No.2.iceniinian... 1
2 No. 15 (with Rhode No. 2 (with Rhode
1- Island No. 1)...... 1 Island No. 1)...... 1
1 N 3| Virginia No.5B......... 2
6 9 || Washington No.2....... 1
5 No. 18 (with Miscel- Wyoming No.6....... . 1
2 laneous No. 9)..... 4 || Miscellaneous:
1 No. 18 (with Rhode No.b5. .o 1
3 Island No. 1)...... 1 NOo.9eoeeiiii 2
4 No. 19 e 3
4 No. 20 7 134
No. 22 3 »
1 || Tennessee
2 No. 1
2 No. 4 1

The detailed results of the briquetting tests mdy be found by

referring to the index table (pp. 14-19).

a This number does not include 14 tests conducted on coals received during 1905, which are withheld

for future publication.



RESULTS OF TESTS, BY STATES.

The following are the detailed results of tests made on the various
samples of coals received from January 1, 1906, to June 30, 1907,
arranged alphabetically according to States, and showing in definite
order (see index table, p. 14), under the head of each fuel, all the
tests made on the different samples of that fuel.

ALABAMA.
ALABAMA NO. 2.0

Bituminous coal from Carbon Hill, Walker County, on the Frisco
System, was designated Alabama No. 2 B. The coal as worked at a
depth of 30 feet at this place averages 4 feet 6 inches in thickness.

One sample of run-of-mine coal was shipped under the supervision
of 4. S. Burrows to the testing plant, and was used in making steam-.
ing tests 382, 383, and 410 (on briquets); washing test 163; coking
test 142 (washed coal), cupola tests 107 and 131; and briquetting
test 131.

-Two .mine samples were taken for chemical analysm. Sample
3011 was taken 3,500 feet northeast of slope, where the coal measured
4 feet 5 inches in thickness. Sample 3012 was taken 3,500 feet north
of slope, where the coal measured 4 feet 6 inches in thickness.

CHEMICAL ANALYSES.
Alabama No. 2 B.

Car Steaming tests.b
Mine samples.
P | sample. | gy 383. 410.
Laboratory No................o..oo .. 3011 3012 | - 3211 |
Air-drying loss. ..ol 2.70 2.40 B O
Proximate:
Moisture..............o.ooiill 4.71 4.51 3.95 3.80 3.95 3.43
Volatile matter.......,...... et 31.80 31.81 30.70 32.09 30.70 32.74
Fixed carbon.. s 5 3 50.76 50. 47 50.76 51.34
sho........... 14.59 13.64 14,59 12.49
Sulphur ........ 1.12 1.19 1.12 1.24
Ultimate: .
HyArOgen. . . . euneenneaneaaeaaeanns.. 4.57 4.35 4.30 4.77
Carbon. ....oooiiiiiiia 66.21 69. 71 68.94 72.17
Nitrogen o .. . 1.57 1.55 1.58
Oxygen 8.95 8.85 7.27
sho........... 14.18 15.19 12.93
Suipbur 1.24 1.17 1.
Calorific value (as received): ) 6,098
ca. orles ,998 1. ... ...
Dete, ):mmed ................ { B.t | oazses |l
Calculated from ultimate culones ....................
analysis.................. B.teu.. | ooooi

a For tests of coal from this mine made during 1904, see Bull. U. 8. Geol. Survey No. 261, 1905 pp. 32
80, 88, 122; Prof. Paper U. S. Geol. Survey No. 48, 906 Pp. 38, 197, 337, 1017, 1328.
b Proximate analysis of coal as fired; ultimate analysxs of dry coa,l ﬁgu.red from car sample.
¢ Sample taken from steaming test 383,
47
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STEAMING TESTS.

Alabama No. 2 B (rin of mine).

Test 382. | Test 383.| Test 410.
Size as used: .
g)verhltineh_ ST gent.. 695. 4 48.3
inch to 1 inch. .. 19.4 26.7
inch to 4 inch. .. 6.5| 121 [(Seep-4
nder 2inch....... ..do.... 8.7 12.9
Duration of test....... .. S. . 10.0 10. 03 9.98
Heating value of fuel 12,411 12, 269 12, 856
Force of draft:
Under stack damper. ..............tee iieiaiionn e inch water.. 0.69 0.64 0.61
Abovefire. ..................... do.... .14 .12 .15
Furnace temperature .. 2,280 2,020 2, 215
. Dry fuel used per square foot of grate surface per hour........ pounds. . 23.53 17.26 15.13
Equivalent water evaporated per square foot of water-heating surface
per hour N 3.87 2.83 3.26
Percentage of rated horsepower of boiler developed.. 108.6 79.2 91.4
Water apparently evaporated per pound of fuel as fire 6.68 6.64 7.5
Water evaporated from and at 212° F.:
Per pound of fuel as fired e R 7.93 7.88 8.69
Per pound of dry fuel.......... ..do.... 8.24 8.20 9.00
Per pound of combustible........ ....do.... 9.80 9.92 10.24
. Efficiency of boiler, including grate . 64.12 64. 54 67.60
Fuel as fired:
Per indicated horsepower hour 3.57 3.59 3.25
Per electrical horsepower hour 4.40 4.43 4.02
Dry fuel:
Per indicated horsepower hour .......... .. ................ do.... 3.43 3.45 3.14
Per electrical horsepowerhour :.............................. do....| = 424 4.26 .88

Remarks.—Test 410 on brigquets from test 131; Renfrow briquets during the first, half
and English briquets during the last half of the test. No difference was noted in the
action of the two kinds of briquets while burning, both burning with a long flame with-
out smoke, coking and holding together well. The Renfrow briquets as fired were
badly broken up. No clinker; ash of gray color and medium weight.

WASHING AND COKING TESTS.

Alabama No. 2 B (run of mme)

Washing test 163.—Size as used, crushed to 2 mches jig used, Stewart. Raw coal,
15,860 pounds; washed, 13,700 pounds; refuse, 2,160 pounds.

Coking test 142.—Size as used, washed, finely crushed. Duration of test, 51 hours.
Coal charged, 10,530 pounds. Coke produced, 6,197 pounds; 58.85 per cent. Rreeze
produced, 684 pounds; 6.50 per cent Total yield, 65.35 pounds. Poor coke, soft and
dense.

Analyses.

‘| Washing test 163. | Coking test 142.

Raw | Washed
coal. | coal. Coal. Coke.
3.95 6.29 6.26 3.04
30.70 |.......... 31.99 1.06
50.76 |..cooo.... 52. 66 82.15
14. 59 9.39 9.09 13.75
1.12 1.22 1.36 1.16
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) Cupola tests of coke made from Alabama No. 2 B coal (washed).
CHARGE. -
Coke. " Divisions of charge.
Ci‘p"tl“ Spe- | Ratio i%li%;' Materials Total
Noo | Test | Phos- | cific |jonio| strip i 2 3 |4 5 .
. No. |phorus. gi;&;rv- coke. full. N . . . .
Per ct. : Per ct. -~ Lbs. | Lbs. | Lbs. { Lbs. | Lbs. | Lbs.
Coke......... 200 58 58 57 57 430
107 142 {-0.0700 1.88 7 99.9 KPigiron..... 600 | 413 | 413 | 412 | 412! 2,250 -
Serap........ 200 ( 138 | 138 | 137§ 137 750
Coke....... +. 200 58 58 57 57 430
131 142 | .0700 1.88 7 99,9 (Pigiron ..... 600 | 413 | 413 | 412 | 412 | 2,250
‘ - |lscrap........ 200 | 138 | 138 | 137 | 137 750
RECORD OF MELT.
Blast pressure. . Weight of iron. Melting. + | Recovered.
Cupola %{1?11-1 . Ratio
test ; ; .| Addi- Rate |
: Maxi-| ning h - iron
No. Onat— | G-° [Poured.| tional | Total| Time.| per | ", | Loss. |Iron.|Coke.
: melted. hour. coke.
N 5
’ Oz. | Min. | Lbs. | Lbs. | .Lbs. | Min.| Lbs. Per ct.| Lbs. | Lbs.
107 | 1.59 p. m.... 7 5| 2,257 392 | 2,579 31 14,91 | 6.56| 6.9 | 214 37
131 | 10.42a.m... 7 7] 1,852 365 | 2,217 20 | 4,587 | 5.80112.33) 413 48
LADLE RECORD.
Test 107. Test 131. Test 107. Test 131.
* Ladle No. : : Ladle No. : "
Timeo Time Time Time
Pounds. | 119 | Pounds. | 09 Pounds. |, ' y [ Pounds. \¢g "y,
69 2.11 33| 10.51 |[ 15............ 75 2.26 90 { 1111
69 2.11% 79| 10.53 || 16............ 79 2. 263 62 | 11.11%
89 2.16 77 10.56 || 17............ 81 2,27 102 [ 11.12
98 2. 16} 30| 10.57 |j 18............ 89 2.28 94 | 11.13
82 2.19 74| 10.58%| 19............ 69 2.29 60 | 11.13%
101 2.193 73| 10.59 {1 20............ 85 2.30 86 | 11.14
70 2.20 68 ) 11.03 || 21............ 102 2. 303 20 { 11.14%
81 2.22 72 1104 || 22............ 79 2,31 8 | 11.15
83 2. 223 761 11.043f 23............ . 69 2. 31} 53| 11.15%
89 2.23 46| 11.05 (| 24............ 83 2.33 86 | 11.16
87 2. 233 71| 11.07 [ 25............ 103 | 2.33% 82| 1117
95 2.24 60 | 11.073| 26............ 52 2.34 1311 1118
82 2.25 94 | 11.08 (| 27............ 497 p2: 1 U
99 |- 2.25M 47 | 11.08}

Remarks.—Test 107: Iron very hot and fluid.
BRIQUETTING TEST.
Alabama No. 2 B (run of mine).

Test 131.—Size as used: Over % inch, 2.8 per cent; % inch to 4 inch, 11.6 per cent;
o7 inch to & inch, 21.2 per cent; % inch to 4 inch, 23.4 per cent, through 2; inch,
41 per cent. Kind of binder, water-gas pitch; laboratory No. 3410 (see p. 40);
weight of fuel briquetted; 14,000 pounds. B. t. u. per pound of coal as received,
11,939; per pound of briquets as fired, 12,115; per pound of binder, 16,478. For
analyses of briquets see page 47 (steaming test 410).

English briquets made at 175° F., average weight 3.31 pounds, with 5 and 6 per cent
binder, proved to be good briquets; fracture clean; edges and surfaces firmer with 6
per cent than with 5 per cent binder. In the drop test with 5 per cent binder the

19698, Bull. No. 332—08—4
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1-inch screen held 91.5 per cent and passed 8.5 per cent. In the weathering test all
were exposed 197 days; condition, B,

Renfrow briquets made at 149° F., average weight 0.47 pound, with 6 per cent pitch,
showed evidences of shortage in binder; surfaces crumbled and fracture not clean.
‘Seven per cent binder made hard, firm surfaces; broke without crumbling, and sur-
faces and edges were firm. In the weathering test the 6 per cent binder briquets were
exposed 201 days and those with 7 per ¢ent 200 days; condition of both, B.

Extraction analyses.

) | Briquets,
Pitch. Fuel. test 131.

Laboratory No. ... .o s

Air-dryin g loss............ ..

Extracted by CS.:
Air-dried. .
As received..

Pitch in bnquets, as reee)ved

ALABAMA XNO. 3. ’

Bituminous coal from Garnsey, Bibb County, on the Louisville and
Nashville Railroad, was designated Alabama No. 3. The coal as
worked at a depth of 700 feet at this p]ace averages 5 feet 6 mches in
thickness.

Run-of-mine coal shipped under the supervision of John W. Groves

was used in making steaming tests 390 and 394; washing test 161;.

coking tests 138 (raw) and 139 (washed); and cupola tests 101, 108,
and 132. '

Two mine samples were taken for chemical analysis. Sample 3018
was taken 2,700 feet south of the slope, where the coal measured 5
feet in thickness. Sample 3019 was taken 2,500 feet southwest of the
slope, where the coal measured 5 feet 8 inches in thickness.

CHEMICAL ANALYSES.
Alabama No. 3.

Steaming tests.a

N Car sam-
Mine samples.
P ple. | 399, 394.

Laboratory No. . ..o oot 3018 3019 3255 ...l
Air-drying loss. ... e 1.60 1.90 L20 [
Proximate:

Moisture 3.03 3.25 2.72 2.93 2.88

Volatile matter. 30.94 30. 43 29. 46 28.03 29. 58

Fixed carbon 48.25 49,12

Ash......... 20.79 18. 42

Sulphur.. .55 58
Ultimate:

Hydrogen 4.03 4.15

Catbon........... 66. 28 68. 34

Nitrogen 1.08 111

Oxygen 6. 62 6.83

Ash...... 21. 42 18.97

° Sulphur .57

Calorific value (as received): L .

Determined. .............c.oeeeee.n. CBBjI%fIS?:: 7,241 T

Calculated from ultimate analysis. . . ‘]338‘10”35

a Proximate analysis of fﬁel as fired; ultimate analysis of dry fuel figured from car sample.
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Test 390. | Test 394.
Size as used: .
OVer L iNCh . ..o 19.9 13.7
* % inch to 1 inch 18.6 19.5
% inch to % inch 19.4 19.9
Under % inchi........ 42.1 46.9
Duration of test........ 10.0 10.0
Heating value of coal 11, 806 12,175
Force of draft:
Under stack AaImMPer. - -« v on ot ciaee e cec e a e inch water.. 0.55 0. 60
Abovefire.......... veeeennoidoo .18 .21
Furnace tempPerature. .. .. ....oooieeo ittt °F.... 2,040 2,160
Dry coal used per square foot of grate surface per hour........0......... pounds. . 20. 69 21.04
Equivalent water evaporated per square foot of water-heating surface per hour,

POUNAS. . et e e 3.31 3.38
Percentage, of rated horsepower of boiler develoiped. - 92.7 94.8
Water apparently evaporated per gound of coal as fired 6.69 6.70
Water evaporated from and at 212°F: .

Per pound of coal as fired .77 7.82

Per pound of dry coal.............. 8.00 8.05

Per pound of combustible 10. 49 10.2
gﬂi?ienc of boiler, including grate........ ..ot 65. 44 63.85

oal as :

Per indicated horsepower hour. .. ... c.coiiiiii ittt 3.04 3.62

Per electrical horsepower hour .. ... .....oiiiiiiiiiiiiiiiiiiiiiaaaaans d 4.49 4.47
Dry coal:

Per indicated horsepower hotr. .. ...ocovemimiiiiii e aaaaas do.... 3.54 3.51

Per electrical horsepPoOWer. . .......oiieiieiii i iiiaianinnnns e do.... 4.36 4.34

WASHING AND COKING TESTS.

Alabama No. 3 (run of mine).

Washing test 161.—Size as used, crushed to 2 inches. Jig used, Stewart. Raw

coal, 18,000 pounds; washed, 16,500 pounds; refuse, 1,500 pounds.

Coking tests.

Test 138 | Test 139

(raw). (washed).
SiZe A8 USBA . . L e . i.c. fic.
Duration of test. . 54 44
Coal charged........ R » 12, égg 11, 66(2)

....do.... 1 7,07
Cokeproduced. ... ... ... il per cent. . 64. 06 6: 65
Breeze produced. .. - pg;néggi:: 44(8)? 223?
Total yield. .. ......ooei 4-..-do.... 68.07 62. 86

Remarks.—Test 138: Good, hard, heavy coke with exception of }-inch black butts,
which should be easily removed. Ash should be very much lowered by washing.
Test 139: Good, strong, hard, heavy coke; ash reduced, and much better coke than

from raw charge; black butts removed.

Analyses.
‘Washing test 161. | Coking test 138. Coking test 139
Raw coal - '
(mine | Washed | cog) | Coke. | Coal. | Coke.
sample). A
MOISEUTO. o oo e ' . 2.71 2.03 6.36 0.99
Volatile matter . . 28.99 1.80 30. 54 1.06
Fixed carbon. . 53.14 74.89 53.10 83. 51
Ash......... . 15.10 21.28 10.00 14. 44
Sulphur......ooiiiiiiiiii . .58 .62 .60 .62 .58
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Cupola tests of coke made from Alabama No. 8 coal.

CHARGE.
Coke. Divisions of charge.
Flu-
Cupola g . '
pe- | Ratio | idity :
%S‘it Test | Phos- | cific | iron | strip | Materials. 1 o 3 4 5 Total.
. No. |phorus.| grav-| ' to full. h ’ )
ity. | coke.
Per ct. Per ct. Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
138 Coke......... 210 | 55| 55| 55| 55 430
132 {(mw) }0.0057’ 1.91 7| 97.22 KPigiron.....| 630 | 405! 405 405 405 2,250
Serap. 210 f 135 | 135 | 135 | 135 750
Coke. . 210 55 55 55 430
101 | 139(w.)| .0008 1.99 7| 99.9 |{Pigiro 630 | 405 | 405 | 405 | 405 | 2,250
Scrap. 210 | 135 135 | 135 | 135 750
Coke......... 210 55 55 55 55 430
108 | 130(w.); .0008 1.99 | 7| 94.44 {Pigiron..... 405 | 405 405 | 405 | 2,250
) Crap........ 210 | 135 | 135 | 135| 135 750
RECORD OF MELT.
Blast pressure. Weight of iron. Melting. Recovered.
—| Iron -
Cupola - .
test v Maxi-| ning Addi- Rate | Ratio
No. Onat— |3 o) in-—g Poured.| tional | Total.| Time.| per |ironto| Loss. | Iron.|Coke.
. . melted. hour. | coke.
Oz. Min. | Lbs. Lbs. | Lbs. | Min. | Lbs. Per ct.| Lbs. | Lbs.
132 2.49p. m. 7 “12 (. 740 214 954 262,201 | 3.21 | 4.46 (1,911 132
101 | 11.17 a. m. 7 10 | 1,695 305 | 2,000 353,429 | 5.63 | 6.43 [ 807 75
108 3.39p. m. 7 51 1,822 213 | 2,035 333,700 | 6.15| 6.36 | 774 99
LADLE RECORD.
" Test 132. Test 101. Test 108. Test 132. Test 101. Test 108.
”LI?‘Idle Ti Ti Ti Lﬁdle Ti Ti Ti
0. me me me 0. 1me 1me me
Lbs. | (p.m.).| Lbs- (a.m.). Lbs. (pm.). Lbs. (pm.). Lbs. |3 m.).| LP8 {(p.m.).
1 92 3.10 77 1 11.32 | 103 | 3.55 74 | 11. 50 79| 4.07
2.. 100 | 3.104 91 | 11.36 | 119 | 3.55% 85| 11.563 | 101 | 4.07%
3.. 61 [ 3.11 97 | 11.364 51| 3.5 86 [ 11.53% 102 | 4.08
4.. 771 313 72 | 11.43 63 | 4.00 67 | 11.547 58| 4.08%
5.. 77| 3133 72| 11.434 116 | 4.00% 78 | 11. 56 61| 4.12
6.. 0] 3.16 70 | 11.44 | 102 | 4.01 95| 11. 564 85, 4.123 .
7.. 34 | 3.163 62| 11.47 | 110 | 4.01} 71| 11. 57 95| 4.13
8.. 65| 3.18 76 | 11.47% 86 | 4.033 73 | 11.59 81| 4.16
9.. 34| 319 73 | 11.48| 107 | 4.04 97 | 11.59%| 100 | - 4.17
10.. 64 | 3.23 91 | 11.49 91 | 4.04H 65 112.00 |...... ..:....
11 2| 3234 74 |°11.49% 106 [ 4.05 49 1 12.02 [...........

Remarks.—Test 101: Iron hot. Test 108 :
twentieth ladle and bottom had to be dropped.

Iron hot; slag filled

ALABAMA NO. 4. -

up tuyeres after

Bituminous coal from Cane Creek, 3 miles north of Belle Ellen,
Bibb County, on the Louisville and Nashville Railroad, was desig-
nated Alabama No. 4. The coal as worked at a depth of 150 feet
at this place averages 2 feet 11 inches in thickness.

The sample consisted of run-of-mine coal, inspected by John W.

Groves, é;nd was used in making steaming tests 375, 376, 377, 378,
and 413 (on briquets); producer-gas test 109; washing test 159;
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coking tests 131 (raw) and 136 (washed); cupola tests 103, 109, 124

and 133; and briquetting test 123.

Two mine samples were taken for. chemical analysis.

Sample

3034 was taken 900 feet northeast of the slope, where the coal

. measured 2 feet 10 inches in thickness.

Sample 3035 was taken

1,500 feet northeast of the slope, where the coal measured 2 feet 11

inches in thickness.

Alabama No. 4.

CHEMICAL ANALYSES.

Car Steaming tests.c
Mine samples. | sam-
ple. 375. 376. 377. 378. 413.

Laboratory No...................... 3034 | 3035 | 3102 |l
Air-dryingloss...................... 2601 240 550 ... e
Proximate:

Moisture. ...l 3.67 3.60| 6.43 4.04 4,84 5.69 5.27 2. 46

Volatile matter. ... ...| 33.55| 34.08| 28.56 | 30.27 ( 2817 26.94| 2872 32.27

Fixed carbon...... .| 59.64 | 59.86 | 52.09| 55.26| 52.70 | 49.48 | 52.78 56. 55

Ash............. ) 814 2,40 12,92 10.48 ) 1429} 17.80 | 13.23 8.72

Sulphur......o....lll 1.22 1. 50 1.08 129 1.22 105 ...... - 1.18
Ultimate:

Hydrogen

Carbon..........

Nitrogen

Oxygen..........

Ash........... ..

Sulphur. ...l
Calorific value (as received): .

Determined.... ... ....{§lories..

Calculated from ulti-jcalories..

mate analysis...... {B. t.u...

STEAMING TESTS.

Alabama No. 4 (run of mine).

Test 375, | Test 376. | Test 377.| Test 378. | Test 413.
Size as used:
Overlinch........................... per cent, . 17.1 18.1 7.1 17.1
3inch to 1inch... ...do... 20.2 18.0 12. 4 19.5 ]s 56
1inch to 4 inch. 22.1 17.3 16.8 25.2 |[Seep- ob.
Under %inch. .. 40.6 46. 6 63.7 38.2
Duration of test. .. 10.17 9.7 10. 00 8.03 9.07
Heating value of fuel . .. . 13,671 | 13,041 | 12,447 | 13,244 13,932
Force of draft: y :
Under stack damper 0. 64 0.55 0.63 0. 60 0. 66
Above fire......... .20 .19 .22 .18 .10
Furnace temperature. 2,461 (€)1 N . 2,430
Dry fuel used per squ
hour............... e pounds... 20.94 17.39 18.45 15.01 2111
Equivalent water evaporated per square foot of
water-heating surface per hour pounds. . 3.81 2.97 3.10 2.76 3.90
]’grcentage of rated horsepower of hoiler developed. . 106.9 83.2 87.0 71.4 109.5
Water apparently evaporated per pound of fuel as
{18 4L D pounds. . 7.37 6. 88 6.73 7.04 7.75
Water evaporated from and at 212° F:
Per pound of fuel as fired 8.75 8.14 7.95 8.24 9.02
Per pound of dry fuel....... e 9.12 8.55 | 8. 43 8. 69 9.25
Per pound of combustible............... do.... 10. 55 10. 46 10. 81 10. 46 10. 29
Efficiency of boiler, including grate. ...... per cent. . 64. 42 63.31 65. 40 63.36 64.12
Fuel as fired:
Per indicated horsépower hour..... ... pounds. . 3.23 3.47 3.50 3.43 3.14
D I;gr electrical horsepower hour.......... do.... 3.99 4.29 4.39 4.24 3.87
ry fuel: . :
. Per indicated horsepower hour.......... do.... 3.10 3.31 3.35 3.25 3.06
Per clectrical horsepower hour.......... do.... 3.83 4.08 4.14 4.02 3.77

e Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
b One-half of observations too low to be read with Wanner pyrometer.
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Remarks.—Tést 413 on briquets: The briquets burned freely, with long flame, coked

well, and held together well until entirely consumed. The English briquets were

" nearly all fired whole. "Clinker was dark and heavy; plastic when hot, and brittle

when cold; contained a large amount of slag, but did not stick to the grate. Small
quantity of ash.

PRODUCER-GAS TEST.

Alabama No. 4 (run of mine).

Test 109.—Duration of test, 24 hours; average electrical horsepower, 195.0; aver-
age B. t. u. per cubic foot of gas, 152.0; total coal fired, 5,850 pounds. :

Combus-
Asfired.| Dry. tible.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: ’
* Cominercially available. ... 1.33 1.29 1.12
Developed at switch board 1.25 1.21 1.06
Per brake horsepower: .
Commercially available. ... ... . .. ... ... ... ... . 1.13 1.09 | - .95
Developed at engine. . . ... .. ... . oiiiiiiiiiiiiiiiiiiiaaa. 1.06 1.03 .90
Equivalent used by producer plant (pounds).
Per eléctrical horsepower: :
Commercially available..................... ool PR 1.45 [ 1.40 1.22
Developed at switch board.............. et 1.36 1.32 1.15
Per brake horsepower:
Commereially available................ ...l .. 1.23 1.19 1.04
Developed at engine. ... ... ... it 1.16 1.12 .97

Analyses.
Gas by volume.
Moisture....... . Carbon dioxide (CO2). ... .......ceeio.. 10.1
Volatile matte .- . Carbon monoxide (CO) . ... 17.0
Fixed carbon. .. ... 54 Hydrogen (Ha)........ 14.5
Ash............ cee- ... 12 Methane (CH4)...... 1.9
Sulphur....... ... Nitrogen (Ng)........ ... 56.1
Ethylene (CoHy) - - - onnoiiiiiiiiiiian .4

WASHING AND COKING TESTS.

Alabama No. 4 (run of fnine)

Washing test 159.—Size as used, crushed to 2 inches; jig used, Stewart. Raw
coal, 17,000 pounds; washed, 14,470 pounds; refuse, 2,530 pounds.

Coking tests.

Test 131 | Test 136
| (raw). | (washed).

Size as used.... f. c.
Duration of test 49
Coal charged..... 12,000
Coke produced. . ... ... ... ..l 5@?%
Breeze produced . 1233
Total FIeld ... i iiiieaaaaa 58.73

Remarks.—Test 131: Good, strong coke, light-gray and silvery color; ash and sul-
phbur high; might be improved by washing. (Compare test 136.) Test 136: Good,
strong coke; light-gray and silvery color; breukage; good uniform size; ash and sul-
phur reduced very materially by washing.
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Analyses.
Washing test 159. | Coking test 131. Coking test 136.
Rawcoal, “;%ﬁ‘f}d Coal. | Coke. | Coal. | Coke.
Moisture. . ...c.oiiiii i 6. 43 6.82 4.17 0.29 7.28 0.35
Volatile matter. 28.56 ..o 30.37 .84 30. 46 .42
Fixed carbon. . 52.09 |..oonan..n 54. 50 83.21 58.38 92.99
Ash........ 12.92 3.81 10.96 15. 66 3.88 6.24
Sulphur 1.08 1.03 1.18 1.08 1.00 .87
Cupola tests of coke made from Alabama No. 4 coal.
CHARGE.
Coke. - Divisions of charge.
Cupola - ° F &nd' g
105t | e | Phos- |Specific| Ratio | ¥ | Materdals. Total.
No. No phor- | grav- |iron to fuul 1. 2. 3. 4. 5.
. us. ity. coke. :
Per ct. |- Per ct. . Lbs. | Lbs. | Lbs. | Lbs.
58 57 57 430
103 131 | 0.0126 1.95 7] 98.61 ig i 413 | 412 412 | 2,250
vee 138 | 137 | 137 750
: 83| 52| &2 430
124 131 .0126 1.95 7| 80.55 KPigiron..... 660 308 [ 308 | 397 397 | 2,250
. Serap........ 220 133 | 133 | 132 132 750
- Coke......... 190 | 60| 60| 60| 60| 430
109 j136(w.) | .008 1.95 71 99.9 { Pigiron..... 570 | 420 | 420 | 420 | 420 | 2,250
Serap........ 190 140 | 140 | 140 140 750
Coke......... 200 | 58| 58| 57| 57| 430
133 [136(w.)| .008 1.95 71 98.61 KPigiron..... 600 | 413 | 413} 412 412{ 2,250
SCrap........ 200 | 138 | 138 137 | 137 750
RECORD OF MELT.
Blast pressure. Weight of iron. Melting. Recovered.
- Iron
Cupola : :
test I | pour. | Addi- Rate 1}:‘(}1‘;}
No. | Onat— |Max-| 108 | 00 tional | Total| Time.| pér | {2 | Loss. | Iron.| Coke
mum. | M~ | % Imeited. Hour. | .0
: e.
Oz. | Min. | Lbs. | -Lbs. | Lbs. | Min. | Lbs. Per ct.| Lbs. | Lbs.
103 [ 8.19a.m.... 7 11| 1,451 217 | 1,668 33 3,033 | 5.49 | 4.90|1,185 126
124 | 10.04 a. m... 7 10 | 1,368 542 | 1,910 27 | 4,244 | 5.76 | 10.66 | 770 99
109 | 10.30 a. m...| . 7 71 2,328 153 | 2,481 27 15,513 6.93 6.16 | 334 72
133 | 10.53 a. M. .. 7 8| 1,952 178 | 2,130 32 4,260} 6.96| 5.76 | 697 124
LADLE RECORD.
Test 103. Test 124. Test 109. Test 133.
Ladle No. " m n e
Pounds. (;.‘;ﬁf’). Pounds. (ﬂ’liEC‘,) _ | Pounds. (z%tunri?). Pounds. (D{lﬁf’)‘
8.35 v 91 10.19 54 10.41 51 11.07
8.38 34 10.19% 112 10.45 84 11.10
8.41 90 10.26 125 10. 45| 94 11.11
8.42 76 10. 263 102 10.46 69 11.13
8.43 83 10.27 112 10.47 | 82 11.15
8.45 69 10.30 110 10.474 105 11.15%
8.454] 72 10.31 69 10.48 80 11.16
8.51 92 10.32 108 10.514 7 11.18%
8. 513 57 10.33 114 10.52 “116 11.19
8.52 66| 1033 . 02| 1052 92| 11.19%
8.56 90 10.34 113 10.53 83 11.20
8.50%] 64° 10. 343 104 10.55 107 11.22
8.57 53 10.35 105 10. 554 102 11.22%
8.59 80 10.37 108 10.56 80 11.23
8. 594 53 10.37%! 100 10. 563 106 11.23%
9.00 | . . 97 10.57 68 11.24
9.03 118 10. 573 101 11.26
PP, 110 10.58 104 11.27
80 10.59 77 11.27%
110 11.02 84 11.28
96 11.03 52 11.29
80 11.03%|. 103 11.32
109 11.04 40 11.33
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Remarks.—Test 103: Temperature of iron, medium. Test 124: Iron sluggish. Test
109: Iron very hot and fluid.

BRIQUETTING TEST.
Alabama No. 4 (run of mine).

Test 123.—Size as used: Over 4 inch, 1.2 per cent; 7% inch to } inch, 4.5 per cent;
o inch to #rinch, 14 per cent; 7 inch to /% inch, 23.5 per cent; through g inch, 56.8
per cent. Kind of binder, water-gas pitch; laboratory No. 3410 (see p. 40). Weight
of fuel briquetted, 15,200 pounds. B. t. u. per pound of coal as received, 12,395; per
pound of briquets as fired, 13,590; per pound of binder, 16,478. For analyses of
briquets see page 53 (steaming test 413). '

English briquets made at 179.6° F., 3.37 pounds average weight, with 5.5 per cent

" binder, had edges that crumbled slightly, but surfaces were firm; fracture slightly
crumbly. With 6, 6.5, and 7 per cent binder the outer surfaces were smooth and
hard, fracture clean, and broken surfaces rough but very firm. In the drop test
with 6 per cent binder the 1-inch screen held 83.3 per cent and passed 16.7 per cent.
In the weathering test briquets of all binders were exposed 214 days; condition B.

Renfrow briquets made at 149° F., 0.43 pound average weight, with 6 and 6.5 per
cent binder, were crumbly and broke easily; broken surfaces crumbly. With 7 and
7.5 per cent binder tough briquets resulted, with hard and smooth outer surfaces;
broke with clean fracture. In the weathering test all binders were exposed 214 days;
condition for the 7.5 per cent binder, B, for the others, C. .

Eaxtraction analyses.

Pitch. | Fuel. |Briquets,

test 123.
Laboratory NO. ..ottt e 3410 3103 |..........
Ar-drying 1088, . - oo i petrcent..|.......... 5. 50 0.90
Extracted by CS;:
Aidr-dried. ... . do....|.......... .46 4.90
ASTeCeiVed. ot do.... 78.98 .43 4.86
Piteh in briquets, as received. ... . ... i do..feeii e 5.57 .

ALABAMA NO. 5.

" Bituminous coal from the Black Creek bed at Lehigh, Blount
County, on the Louisville and Nashville Railroad, was designated
Alabama No. 5. The coal, as worked from the outcrop of this place,
averages 2 feet 8 inches in thickness.

One sample, shipped under the supervision of John W. Groves,
consisted of run-of-mine coal and was used in steaming tests 478
and 480, washing test 195, and coking test 171.

Two mine samples were taken for chemical analysis. Sample 4090
was taken 2,000 feet south of the opening, where the coal measured
3 feet in thickness. Sample 4091 was taken 2,100 feet south of the
opening, where the coal measured 2 feet 4% inches in thickness.



- TESTS—ALABAMA.

57

CHEMICAL' ANALYSES.
Alabama No. 5.
G Steaming tests.c
Mine samples. ar lseu,m-
ple. 478. 480.-
Laboratory No............. et 4090 4001 4252 | ..ol
L Adr-dryingloss... ...l 3.60 1.90 4.40 ..ol
Proximate:

Moisture. . ..., e - 4,72 2.93 5.59 5.51 5.70
Volatile matter. ... ... ... 28.69 29.06 25.05 24.15 23.85
Fixed carbon.................. .. 62.45 65.28 53.28 50.4 52.74
AN i 4.14 2.73 16.08 19.90 17.71
Sulphur. ... .83 .65 1.40 1.90 1.47

Ultimate: ]
Hydrogen. . ...t e 4.70 4.09 4.22
ArDON. ... 66. 58 68.94
Nitrogen.......ooouiiiiiiiiiiiiiiiiii. 1.27 1.31
(034703 «J 4.99 5.19
sh... 21.06 18.18
Sulphur.... ...l .. 2.01 1.56
Calorific value determined (as recelved) { .......... 1%'_93 119.06 ... o

@ Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

'STEAMING TESTS.
Alabama No. 5 (run of mine).

Test 478. | Test 480.
Size as used:
Overlineh........ ..o il Nereee i eeeneeen per cent.. 4.8 4.1
dinchtolinch........................ ...do.... 13.8 15.3
}inch to!_rinch.‘. .............. . . .do.... 19.5 22.7
Under 3 inCh. . ... i .do.... 61.9 57.9
Average diameter. . ..inch 0.38 0.39
Duration of teSt. .. ... .o i hours.. 9.93 9.57
Hen.tmg value ofcoal.......oooueiiiiiiiii, B.t. u. per pound of dry coal..|, 11,932 12,335
Force of draft: )
Under stack damper. .. ... i e inch water.. 0.89 0.86
Abovefire............... ...do.... . .09
In ash pit (forced dmft)
Furnace temperature, °F.. ... ... ...

Dry coal used per square foot of grate surface per hour. .
Equivalent water evaporated per square foot of water-hea
PO NOUT, . oottt -
Percenmgc of rated horsepower of boiler developed.............o..oooiiiiiiia...

Water apparently evaporated per Pound of coa as ﬂrcd .................

Water evaporated from and at 212
Per pound of coal as fired
Per pound of dry coal......
Per pound of combustible......

Efficiency of boiler, including grate. .. .. ... ... iiiiiiiaias

Coal as fired:

Per indicated horsepower hour. ........ .....oooiiiiiiiiiiiiiiiiia
Per electrical horsepower Nour. ... ..ot i caaaaans do
Dry coal:
Per indicated horsepower hour. ... . ... .. ... ..ol
Per electrical horsepower hour. ... ... .. . il
WASHING TEST.
Alabama No. 5 (run of mine.)
 Test 195 (preliminary float and smk tests on raw coala),
Float coal analysis.
Specific .
Float and sink test |  Size grag;nty I'Ell;’e{;t %IIJ%}: Ash. Sulphur.
No. used. | goiution | cent). | cent). - ) Percent Per cent
used. Percent.| reduc- |Percent.| redue
tion. tion.
1.35 81 19 2.18 86 0.81 42
1.40 85 15 2.63 84 .98 30
1.45 87 13 2.66 84 1.05 25
1.52 87 13 3.19 80 1.13 19

[ Nop enough coal for other tests.
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COKING. TEST.
Alabama No. 5 (run of mine).

Test 171.—Size as used, raw, finely crushed. Duration of test, 42 hours; coal
charged, 12,110 pounds; coke produced, 7,950 pounds, 65.65 per cent; breeze pro-
duced, 390 pounds, 3.22 per cent; total yield, 68.87 per cent. Good coke, light gray
and silvery. Ash high; washing would improve, reducing both ash and sulphur.

Analyses.
Coal. | Coke
MoiSture. . ................ USRS RSP PR PRR 3.98| 0.5 -
Volatile matte: .. 26. 55 .89
Fixed carbon. 56. 92 81.10
)« 12,55 17. 42
Sulphur........... s e et 144 1.16

ALABAMA NO. 6. -

Bituminous coal from the Pratt bed at Dolomite, Jefferson County,
was designated Alabama No. 6. This coal, as worked from the out-
crop at this place, averages 4 feet 8 inches in thickness.

This sample consisted of run-of-mine coal shipped under the super-
vison of K. M. Way, and was used in steaming test 484, producer-gas
test 155, washing test 192, and coking tests 172 and 174 (washed).

Two mine samples were taken for chemical analysis. Sample 4292
was taken 2 miles southeast of the opening, where the coal measured
4 feet 8% inches in thickness. Sample 4293 was taken 2 miles east of
the opening, where the coal measured 4 feet 8} inches in thickness.

CHEMICAL ANALYSES.

° Alabama No. 6.
Mine samples. Car samples. %gg‘t‘%f%

Laboratory No. ... 4292 4293 4338 4358 |..oiaen
Air-drying loss.. .. .. 2.30 2.20 2.40 2.80 [-a..innnn
Proximate:

MoOIStUre. ..o 3.23 2.81 3.23 3. 50 2.86

Volatilematter. . ... ... .. .. ..o . ... 26.97 26. 52 26.16 26.24 25. 80

Fixed carbon 65.97 67.16 63.90 63.25 63.98

Ash. .. ............. - 3.83 3.51 -6.71 6.95 7.36

Sulphur. ...l .57 .59 .61 .58 .57
Ultimate: .

Hydrogen........ccooooiiiiiiiiiniiinineinoanie o 4.99

Carbom. ... Y R 78.33

Nitrogen.........cooooiiiiiiiiiiiian e e 142

(030174 « P D 7.94

ASh e

Sulphur.........ooiiii FR P ..
Calorific value determined (as received).{c'f'l%“ss“ - 13(13' ig 1?4(8] ;2

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.-
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STEAMING TEST,

Alabama No. 6 (I:IID of mine). ©
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' Test 484.
Size as used: . : ’
Over 1inCh. ... .o e per cent. . 23.9
Finch t0 1 inCh. oo i do.... 23.3
inch to & inch. ..o oo e do.... 17.6
nder }inch....... Y do.... 35.2
Average diameter.. ..inch. .76
Durationof test................... ..hours.. 9.58
Heating value of coal dry coal.. 14,447
Force of draft:
Under stack damper. 0.82
ADOVe fire.. ..ot .17
Dry coal used per square foot of grate surface per hour P 20.22
Equivalent water evaporated per square foot of water-heating surface per hour...... do.... 4.00
Percentage of rated horsepower of boiler developed. .......... .. .coo.iiiiiiiiiiiiiiiias 112.2
-Water apparently evaporated per gound of coalasfired............ e pounds. . 7.96
Water evaporated from and at 212° F.: '
Per pound of coal asfired.................. et do.... T 9.64
Por pound of dry coal. ...l do.... 9.92
Per pound of combustible. ... ... . o do.... 10.99
Efficiency of boiler, including grate... ... per cent.. 66. 30
Coal as fired: .
Per indicated horsepower hOUr. ... .. ..ooviiiiiiiiiiiii i pounds. . 2.93
Per electrical horsepower hour. ... ... ...coooiurnie it iaeaeennn.s feeneeeeann do.... 3.62
Dry conl: .
Per indicated horsepower hour. .. ... i et i e aa e, do.... 2.85
Per electrical horsepower hour. ... .. . ... . i i do.... 3.52

PRODUCER-GAS TEST.

Alabama No. 6 (run of mine).

Test 155.—Duration of test, 50 hours. Average electrical horsepower, 198.6, aver-

age B. t. u. per cubic foot of gas, 143.7, total coal fired, 9,000 pounds.

Coal as Combus-
fired, |DTYeoal| Tiie
Coal consumed in producer per horsepower hour (pounds).
Per clectrical horsepower: i R . :
Commercially available. ... ... o ..ol 0.94 0.91 0.85
Developed at switchboard............ ... ... ... .91 .89 .82
Per brake horsepower: .
Commercially available. ..... . ... ... .o .79 .78 .72
Developed at engine. .......... ...l .77 .75, .70
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Commercially available. .. ... ... i - 1.02 1.00 .93
Developed at switchboard. .. ... ... ... ...l .99 .97 .90
Per hrake horsepower:
Commercially available. .. ............... TN P .87 .85 .79
Developed at engine. .. ...l .84 .82 .76
Analyses.
g Cgal. Gas by volume.
MOISEUTC . ¢ e eeeeee e ee e ieeeeieaaenns 2.44 | Carbon dioxide (COg)........................ 9.6
Volatilematter..................cooiail. 25.96 | Carbon monoxide (CO)...................... 19.5
Fixed carbon 3 Hydrogen (Hs)...ocovevuieneininiannaaan 14.9
Ash..ooooiiiiiiiiiaa 3 Methane (CHy) . .ovoneuiiiiiiaiiiiiiaiaanns 1.7
Sulphur. ... . Nitrogen (Ng)...... J R P 54.2
. Ethylene (CgHy)........... P, .1
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WASHING AND COKING TESTS.
Alabama No. 6 (run of mine).

Washing test 192.—Duration of test, 13 hours. Size as used, through 1-inch screen.
Jig used, special; speed, 70 r. p. m.; stroke, 24 inches. Raw coal, 12 tons; washed
coal, 10.75 tons, 90 per cent; refuse, 1.25 tons, 10 per cent.

Analyses.
Ash. Sulphur.,
Sample tested. Lab. No. |Moisture. Per cent;
Per cent.| reduc- | Percent
' tion.
Rawcoal,carsample............... ... ......... 4353 3.39 6.84 .. ....... 0. 59
Washed coal, test 192. . 4419 6. 69 4.76 30 .E9
Refuse....oooi i e 8.21 3492 |.......... 2.20
Float and sink tests.
Py f
ercgg;%fge o Analyses.
Specific
Size |gravity Sink Ash. Sulphur.
No. of test. used [of solu- (per
* | (inch).| tion To To | cent). Per Per

used. | refuse. | total

sample Per | cent | Per | cent

cent. | reduc-| cent. | reduc-
tion. tion.

On raw coal (preliminary):
1

2 0.54 8.5
3| 142 .57 4.0

ER S W0 33| 10,0

LN IR .56 5.0
........ 1.35 | 18.40 89 [l
1.40 | 20.80 S

1.45| 20.80 a7 .

........ 1521 22.30 Y

a Figures indicate that finer crushing is advantageous. Loss of ‘‘good coal’’ in the refuse will not
exceed 1 per cent. By ‘‘good coal’’ is meant all coal of a quality equal to or better than that of the
washed coal. It will be noted that in the washing test the sulphur shows the same percentage in the
washed coal that it did in the raw coal. Thisis due to the fact that the reduction of the ash is so much
greater than the reduction of the sulphur that the resulting percentage of the sulphur to the washed coal

is the same as that of the original sulphur to the raw coal. By the folrmula Y= c"_cM it is found that
10 per cent of the sulphur in the raw coal was removed in washing.

_Coking tests.

Test 172 | Test 174
‘ (raw). (w.).
Size 88 USE. . - .o ne e RS . te | fe
Duration of test... ... ...l _...hours.. 40 50
Coalcharged. ... .. .pot:inds. . lg, ;% 1_11,§808
i .o..do....] 3 )

Coke proditced. . ... ... o ool {per c%nt.. 6950%) 65.266
ounds. . . 1 .221

Breeze produced. ... per cent. . 261 1.86
Total yleld.................. e e e eaeeaeaaeegaeeaaeaaaaan do... 71.62 67.52

Remarks.—Test 172: Good heavy coke, light-gray and silvery color; metallic ring;
cell structure good; breakage good, uniform-sized pieces. Test 174: Good heavy coke,
light-gray and silvery color; cell structure rather small; breakage good, uniform-sized
pieces; coke better than from raw charge; improvement does not warrant washing, as
ash and sulphur are both low.
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Analyses. -

Washing|Coking test 172.:Coking test 174.
test 192,
car
sample | Coal. | Coke. | Coal. | Coke.
raw coal.

3.39 3.28 0.46 6.73 0.63
26.20 | 25.30 .35 | 24.84 .27
63.57 | 64.50 | 89.37 | 63.57 92.36

6.84 6.92 9.82 4.86 6.74

.89 .59 .59 .59 .60

ARGENTINA.
ARGENTINA i\TO. 1.

Coal received from the Province of Mendoza, Argentlna South
America, was designated Argentina No. 1.

The coal was taken from two different parts of the niine, the depths
being 290 and 110 to 140 feet, respectively, and was used in steaming
tests 451, 458, and 485 (on briquets); washing tests 187 and 187a;
and briquetting test 180.

CHEMICAL ANALYSES.

Argentina No. 1.

Steaming tests.e
[
Car samples.
. 451, 458. 485.
Laboratory No. 4079
Air-drying loss. 3.00
Proximate: . ’
Moisture....... 7.67 6.94 16. 48 8.75
Volatile matter. 18.39 16. 87 17.96 21. 45
Fixed ca.rbon 31.09 26.03 34,23 33.75
sh...o........ S . 42.85 50. 16 31.33 36.05
Sulpbur. ... . 1.21 .60 .
Ultimate:
Hydrogen 2.40 3.26, 3.41
Carbon. . 34. 42 46.73 47. 51
N\trogen .89 121 92
Oxygen ...... 7.74 10. 51 7.77
.......... 53.91 37.51 39.51
Sul Mur. ... .64 .78
Ca.lonﬁc value (as received):
Detgrmmed .......................... B.t.u...
Calculated from ultimate analysis. . . .{S29ries.

eProximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TESTS.

Argentina No. 1 (run of mine).

Test Test Test
o 451. 458 (w.). |485 (w.).e
Size as used:
© Overlinch..... 20.5 41
%inch to 1linch 18.8 10.9 ||
4 inch to % inc 18.7 13. 6 {pSee p. 63.
Under tinch..... .. 42.0 71. 4
Average diameter .inch 0. 63 0.32
Duration of test ........ ...l ....hours.. 815 8 88 b 2. 80.
Heating value of fuel......_......_...... B. t. u. per pound of dry fuel.. 5,933 8,298 8,235
Force of draft:
Under stack damper............ e -...inch water. . 0. 60 0.76 0.80
ADOVE fITe. oot do.... J18 .11 .02
In ash pit (forced draft).. ...do.... 71 .53 .55
Furnace temperatre ... ..o oo ier e i b U P, 2014 . ........
Dry fuel used per square foot of grate surface perhour.......... pounds. . 24. 32 21. 31. 34
Equivalént-water evaporated per square foot of water-heating surface -

012 o ¢ Lo 0 5 o 1.22 1. 89 2.65
Percentage of rated horsepower of boiler developed...... 34.2 52.9 74.3
‘Water apparently evaporated per pound of fuel as fired 1. 96 3.04 3.20
Water evaporated from and at 212° F.:

Per pound of fuel asfired........... .. ... ... do.... 2.34 3. 66 3.87
Per pound of dry fuel....... ; ...do:.. 2. 51 4,38 424
Per pound of combustible.... ... . ... ..ol do.... 6. 80 7.95 8 52
Efficiency of boiler, including grate.......... e per cent.. 40. 85 50. 97 49.72
Fuel as fired: . :
Per indicated horsepowerhour..... ... ....... ... ... pounds.. 12.09 7.73 7.31
Per electrical horsepowerhour....... ... ... ... do.... 14.92 9. 54 9.02
Dry fuel: .
Per indicated horsepower hour. . . 11.27 6. 46 6. 67
Per electrical horsepower hour. 13.91 7.97 8.23

e On Renfrow briquets, made in test 180, briquets burned slowly; did not crack open; gave low fur-
nace temperature, and made 4 per cent black smoke. Ash formed on surface of briquets, and tended
to form clinker, holding large amount of unconsumed fuel. These lumps were hard to break up.

Ash and clinker were white and gray: 60 per cent clinker.
b The test was too short for rel%a.ble results. ' .
¢ 25 per cent of the reading tooYow to be read by pyrometer.

WASHING TESTS.

Argentina No. 1 (run of mine).

. Preliminary float and sink tests on raw coal.

' Float coal analysis.
Specige Float | -Sink Ash Sulph
. ; gravity oa - Si . phur.
Float &nl(\ll 0s‘mk test Szizxe1 cuhsf.d of solu- (per (per
tion cent). | cent). |- -| Per cent Per cent
used. Percent.| reduc- |{Percent.| reduc-

tion. tion.
1 L &5 55| 2256 a4 0.73 12
1.60 59 . 41 24. 96 41 .78 12
4 1.65 59 41- 27.68 35 .72 12
3 1.7 61 39 27.90 34| . .70 12

Washing tests.
Test 187. | Test 187a. Test 187. | Test 187a.
Size as used, through ovinch . _.2 N Raw coal..... ....-.%ons. . .18 X gg
SCLELM - «emeeaenaannnnn inch. -inch. ....do... 9 3

Jig adjustment: . Washed coal. '{per cent . 50 60
Make or number...... Stewart. | Stewart. Refuse { ...tons.. 9 2.2
Speed........ T.p.m.. 35 35 || T e percent.. 50 40

Stroke........ inches.. 6 . 6 :

’
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Analyses.
Ash. Sulphur.
Sample tested. Lab. No. I%[]ori:- Per cent Per cent
. ure. ! percent.| reduc- |Percent.| reduc-
- tion. tion.
Raw coal, carsample.............. P 4023 7. ég 243 3(73 ....... s 0.82 [..cuennn..
test 187. ... 41 17. . 0 .64 22
Washed coal................. {test 18] 43a4| 2273|3457 19 55 33

BRIQUETTING TEST.
Argentina No. 1 (run of mine, washed). -

~

Test 180.—Size as used: Over } inch, 3 per cent; v inch to } inch, 8.4 per cent
#y inch to Fyinch, 15 per cent; 7 inch to 4 inch, 19.2 per cent; through g inch,
54.4 per cent. Briquets very heavy and hard, and gave rough fracture without crum-
bling when broken, as the coal particles were firmly cemented together and could be
handled when warm without breaking. TFor analyses of briquets see page 61 (steam-

ing test 485).

Details of manufacture: -i| Drop test (1-inch screen):
Machineused........................ Renf. E[cld ....................... per cent. . 84.5
Temperature of briquets ..._... °F.. 185 Passed........................ do.... 15.5
Binder— Tumbler test (1-inch screen):

Kind..oooooioiiiiiiiaa i w.g.P. 5 1) U D do.... 91.2
Laboratory No. (see p. 40) ...... 4543 Passed (fines) ................ do.... 8.8
Amount............... per cent. . 7\ Fines through 10-mesh sieve...do.... 94.0
Weight of— ) ‘Weathering test:
Fuel briquetted........ pounds. . 6,000 Time exposed................. days.. 19
Briquets, average......... do.... 0.603 Condition.........coooiiiiiiaiian. A
Heat value per pound— g Water absorption:
Fuel as received......... .tou..p 46,930 In19days....oovueeuann... per cent. . 9.8
Fuel asfired....... . ..do.... 7,515 Average for first 4 days....... do.... 1.44
Binder.................... ....{ 16,969 || Specific gravity (apparent).............. 1.467
Extraction analyses.
5 " Briquets,
Pitch. Fuel. test 180.

Laboratory No. . ..o e 4344 |..........

AIT-Arying 1088 . ¢ o ittt e e 18.50 4.30

Extracted by CSz: -

’ CAIT-Aried . .o i e .08 6.38
As received....... e e ceee . 66 .06 6.10
Pitch in briquets, as received U R, 6.06

ARKANSAS. -
ARKANSAS NO. 1.

Bituminous coal from Huntington, Sebastian County, on the Frisco
System, was designated Arkansas No. 1 B. The coal as worked at a
depth of 110 feet at this place averages 7 feet in thickness.

This sample consisted of slack coal. It was loaded under the super-
vision of John W. Groves, and was used in making washing test 139;
coking tests 95, 96, 97, and 100 (washed), and cupola tests 96 and 115.

Two mine samples were taken for chemical analysis. Sample 2586
was cut 900 feet west of the shaft, where the coal measured 7 feet 9
inches in thickness. Sample 2585 was cut one-half mile south of the
shaft, where the coal measured 7 feet 3 inches in thickness.

a For other tests on coal from this locality made in 1904, see Bull. U. S. Geol. Survey No. 261, 1905,
pp. 33, 80, 122, and 148; and Prof. Paper U. S. Geol. Survey No. 48, 1906, pp. 42, 198, 345, 1328, 1430.
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CHEMICAL ANALYSES. ,
Arkdnsas No. 1 B.

y \Car
Mine samples.r sample. -
Laboratory No. ... ..l e 2585 | . 2586 2689
Ar-drying 108s. . ... e iieiaaaaas 2.90 3.50 6.70
Proximate:
Moisture..............ooiiiiii.. R . 3.53 4.00 7.49
Volatile matter. . ' . .- 16. 66 16.82 15.16
Fixed carbon . 72.04 72.04 59. 38
Ash. . .......... .. .. .77 7.14 17.97
L1114 0 110 N et 1.29 1.32 1.06
Ultimate: ’
4.34
65. 54
1.36
Oxygen 9.73
Calorific value (as received):
Determined. ... .. ........eoiiiiii ca.l%rlss 1} (7)§; [ 1?’ gllig
. . : calories. |..... SN IR 6; 394
Calculated from ultimate analysis........................ {B. tow. | 11,509

WASHING AND COKING TESTS.
Arkansas No. 1 B (slack); .

Washing test 189.—Jig used, Stewart. Raw coal, 61,190 pounds; washed, 46,000
pounds; refuse, 15,190 pounds.

Coking tests (on washed coal).

Test Test Test, Test

95. 96. 97.a 100.%
Sizeasused ... s. f.c. f.c. f.c.
Duration of test.. 49 71 48 50
Coal charged..... . ! lg, gg 10, g% lg, % lg, g{;g
Coke produced............cccooeireeronnnininnian {per cent.. 58, 2 58.06 |  60. 5 55’;.376
pounds... 574 1,290 21 91
Breeze produced. ... .......oiiiii {per cent..| 574 15.90 2.14 3.91
Total yleld ............................................. do.... 64.06 70.96 62.69 63. 67

a Plus 10 per cent pitch. « 0 Plus 15 per cent pitch.

Remarks.—Test 95: Soft and punky; dense; breakage very irregular; large and small
lumps. Test 96: Soft and punky with no cell structure; very soft and dense coke.
This test was run slowly to save burning fixed.carbon and to compare with test 95.
Could not get heat, and noncementing action, due to this cause, probably accounts for
high breeze. Test 97: Dull-gray color; dense; breakage very bad and irregular; large
and small chunks. Test 100: Dull-gray color; soft and punky; dense; practically
same as test 97, possibly a little better.

Analyses.

‘Washing test 139. | Coking test 95. | Coking test 96. | Coking test 97. | Coking test 100.

Raw | Washed
coal. coal. Coal. | Coke. | Coal. | Coke. | Coal. | Coke. | Coal. Coke.
Moisture.......... 7.49 6.32 | 10.96 2.89 6.77 1.31 7.80 2.74 5. 69 0.18
Volatile matter...[ 15.16 |.......... 16. 66 3.67 ; 15.04 2.44 | 18.93 1.29 | 17.34 2.03
leed carbon 59.88 |.......... 66.51 | 85.23 | 69.32 | 84.53| 64.92| 8581 [ 68.67 87.26
.......... o1t 8.62 5.87 8.21 8.87 | 11.72 8.35| 10.16 8.30 10. 53
Sulphur .......... 1.06 1.12 1.01 1.25 1.1 1.11 1.08 1.02 1.12 1.07
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Cupola tests of coke made from Arkansas No. 1 B coal (washed, plus 10 per cent pitch).

CHARGE.
Cupole|—— Eoke.a ’ Fluid- ) Divisions of charge.
o8t | gy |Specific Ratio s;tgp Materials. .| Total.
0. rav- | iron to 1. 2. 3. 4. i
g No. gity. kel fall.
Per ct. ’ Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
|[Coke........ 190 60 60 60 60 430
96 97 1.96 7| 93.06 {Pig iron.... 570 420 420 420 420 | 2,250
Scrap....... 190 140 140 140 140 750
Coke........ 190 60 60 60| 60 430
15 . 97 1.96 7| 94.44 KPigiron... 570 420 420 420 420 | 2,250
Scrap....... 190 140 140 140 140 750
RECORD OF MELT.
Blast pressure. Weight of iron. "Melting. Recovered.
1 Iron s
Cupola ©
test Maxi.| oan Addi- Rate | ffatlo
No. On at— °{8XI-| N ip,;eq | tional | Total.| Time.| per Loss. | Iron.|Coke.
mum. | in— to .
- | melted,| . | hour. coke.
. Oz. Min. | Lbs. Lbs. | Lbs. | Min.{ Lbs. | Per ct.| Lbs. | Lbs.
9 | 3.50 p.m.... 7 8| 1,663 319 | 1,982 363,303 " 533 9.60| 730| 58
115 | 3.33 p. m... 7 141 1,648 404 | 2,052 25 4 925 ' 5.58 | 10.70 | 627 62
LADLE RECORD.
Test 96. Test 115. ) Test 96. Test 115.
Ladle No. i Ladle No. Tit ;
. | Time Time Time | Time
Pounds. (p.m.). Pounds. (p.m.). Pounds. (p. m.). Pounds. (p. m.).
1 64 4,02 106 3.57 108 4.22 100 4.10%
2... 78 4.07 107 3.57% 115 4.224 b 4.11
3... 85 4.07} 104 3.58 61 4.23 4.114
4., G5 4.12 110 4.05 97 4,24 4.12
5. 73 4.12% 2112 | 4.06 112 | 4.244
6.. 41 4.13 111° 4,064 581. 4.251,..
7.. 79 4.134 129 4,07 | 77 4.28 |...
8.. 70 4,14 107 4,074 98 4. 284,
9 70 4.19 128 4,08 55 4.20
10 75 4.194 111 4.09 80 4.31 1.
il.. 61 4, 108 4.10 41 4.34 Il

a Phosphorus in coke, 0.0135 per cent; sulphur in ash, 0.05 per cent.

Remarks.—-Test 96: Iron hot. "Test 115: Iron hot; bed burned out and charges
hung; bottom had to be dropped after the fifteenth ladle. .

ARKANSAS NO. 7.

Bituminous coal from a mine located 4 miles southwest of Midland,
Sebastian County, on the Midland Valley Railroad, was designated -
Arkansas No. 7. The coal as worked at a depth of 190 feet at this
place averages 7 feet 6 inches in thickness.

Two lots of coal were shipped from this mine under the supervision
of John W. Groves. Arkansas No. 7 A consisted of domestic lump
which had passed over a 2-inch perforated screen. It was used in
making steaming tests 293 and 294 and producer-gas test 96. Arkan-
sas No. 7 B con51sted of slack coal which had passed through a 2-inch

- 19698, Bull. No. 332—08——5
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perforated screen. It was used in making washing test 141, coking
tests 104 and 105, cupola tests 116 and 142, and briquetting test 106.

Two mine samples were taken for chemlcal analysis. Sample 2593
was cut 950 feet northwest of the foot of the slope, where the coal
‘measured 8 feet in thickness. Sample 2594 was taken 900 feet north-
east of the foot of the slope, where the coal measured 7 feet 11 mches
in thickness.

CHEMICAL ANALYSES.

Arkansas No. 7.

| Car samples. i Steaming tests.a
Mine samples. T

A B. | 23 24
Laboratory No. ...t ] 2593 2594
Air-drying 10ss.. ... ... iiiaiii.. | 3.50 4.90

Proximate: :

Moisture 3.97 5. 38
Volatile matter. .. Teaeen 16. 86 16. 02
Bixed carbon....... . 73.26 69. 76
Ash. ... 5.91 8.84

Calorific value (as Teceived):

Calories.. 7,909 |..
Determined................ Bt ou.. 14j 236
Calculated from ultimate {Cnlories.

analysis .............. .. B.t.u...|.

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
STEAMING TESTS.
Arkansas No. 7 A (lump).

Test 293. | Test 294.

Size as used: '

Over LinCh. ... et [ 6.3 7.0

$inchtolinch... ... ... . ... ... 11.9 8.8

dinchtodinch.. ... ..ol .do.... 18.5 14.1

Underiinch...................... ....do.... 63.3 70.1
Duration of-test...... .. 9.8 10.0
Heating value of coal 13,705 13,531
Force of draft: .

Under stack damper. . ... ...oooiiiii i aeaa i T . . ©0.62 0. 62

Abovefire.................oolL - do... [ T2 PO,

In ash pit (forced draft) I (o S PO .25
Furnace temperature. . ..ot ...°F.. 1,972 2,060
Dry coal used per square foot of grate surface per hour P . 1371 17. 34
Equivalent water evaporated per square foot of water-heating surface per

T3 .. 2.60 3.06

Percentage of rated horsepower of boiler developed........... 72.8 85.7
Water apparently evaporated per pound of coal as fired 7.55 7.01
Water evaporated from and at 212° F.:

Per pound of coal as fired. ... ... ... ... ...l ceen 8.97 8.35

Per pound of drycoal............._.. .do.... 9.48) . 884

Per pound of combustible.............. ....do.... 11.02 10. 34
Efficiency of boiler, including grate 66. 80 63. 09
Coal as fired:

Per indicated horsepower hour ) . 3.15 3. 39

Per electrical horsepower hour. ... ... ... .. .. i i do.... 3.89 4.18
Dry coal:

Per indicated horsepower NOUT. . ... . ittt iieieiaiaanaan do.... 2.98 3.20

Per electrical horsepowerhour... ... . ... il do®... 3.68 3.95
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PRODUCER-GAS TEST.
Arkansas No. 7 A (Jump).

Test 96.—Size as used: Over 1 inch, 28 per cent; § inch to 1 inch, 10 per cent; %
inch to 4 inch, 15 per cent; under 4 inch, 47 per cent. Duration of test, 50 hours;
average electrical horsepower, 137.3; average B. t. u. per cubic foot of gas, 125.5;
total coal fired, 12,900 pounds.

" Coal as Dry Combus-
fired. coai. tible, -
Coal consumed in producer per horsepower hour (pounds). -
Per clectrical horsepower: ’ o
Commercially available.................... 2.06 1.97 1.72
Developed at switch board 1.88 1.80 1.57
Per brake horsepower: ,
Commercially available. ...l 1.75 1.67 1. 46
Developed at engine. .. ... .ot 1.60- 1,63 1.34
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Commercially available..... 2.24 2.14 1.87
Developed at switch hoard 2.04 1.96 171
Per brake horsepower:
“Commercially available...... ... ... ... .. ... .. 1.90 1.82 1.59
Developed at engine. . ... e 1.74 1. 66 1.45
Analyses.
Coal. | Gas by volume.
Moisture...... . 4.27 | Carbon dioxide (COy)..... 1
Volatile matte . 16.04 | Carbon monoxide (CO 12
Fixed carbon . 67.43 | Hydrogen (Hs)..... 16.

[ =ITIN
Oy =00

. 12.26 | Methane (CHy) .
........ . 2.15 | Nitrogen (Nz)..

n

WASHING AND COKING TESTS.
Arkansas No. 7 B (slack).

Washing test 141.—Jig used, Stewart. Raw coal, 50,000 pounds; washed, 38,000
pounds; refuse, 12,000 pounds.

-Coking tests (on washed coal).

|
, Test 104. | Test 105.¢

Sizeasused..........cooiieiiii.. e e e e e e e eaa ey ' 8. f.c.
Duration of test . 67 57
Coal charged. .. ..o et s..| 10,000 10, 000
. . .| 2,730 4,868
(073 35 53 T LT R o 37723 ?8. 68
1,604

Breeze produced - 350 15. 04
TOLAL YIGI - e e en ettt et e Lo 6480 64.72

a Plus 5 per cent pitch.

Remarks.—Test 104: Dull-gray color; very soft and light weight; breaking up
in oven, on pulling, into large and small chunks; has appearance of being cemented
together after volatile was driven off; practically no cell structure; high yield of
breeze due to noncementing action, all volatile, as analysis shows, being driven off
finely crushing before charging. Test 105: Soft and punky; very dense; dull and not
gray color; physically better than coke from coal without pitch; percentage of breeze
very high; breaks into large and small chunks; better weight than coke in test 104,
but light.
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Analyses.

Washing test 141. | Coking test 104. Coking test 100. )

?oaé,vl‘j ‘X:%s&}ll?d Coal. Coke. Coal. Coke.
| B

6.89 6.45 6.98 | 0.13 7.52 0.67
15.23 [..coenen 14.86 - .53 16.66 .85
62.88 [.......... 70.97 89.72 68.85 89.14
15.00 |. 7.19 7.19 9.62 6.97 9.34
2.24 1.89 1.78 1.70 1.65 1.60

Cupola tests of coke made from Arkansas No. 7 B coal (washed, plus 5 per cent pitch).

CHARGE.
Coke.a Divisions of charge.
Cupola Fluidi- ;
test Test Specif- | Ratio jty strip! Materials. { ’ Total.
No. No ic grav-| iron. full. 1. . 2 3., 4 5
: ity. [tocoke. i
 Per ct. Lbs. Lbs. Lbs. Lbs. | Lbs. | Lbs.
220 53 53 52 52 430
116 105 1.97 7 99.9 660 398 398 397 39771 2,250
220 133 133 132 132 750
220 53 53 52 52 430
142 105 197 7| 93.05 660 398 398 397 | 397 | 2,250
220 133 133 132 132 750
@ Phosphorus in coke, 0.0135 per cent; sulphur in ash, 0.07 per cent.
RECORD OF MELT.
Blast pressure. ‘x I Weight of iron. Melting. Recovered.
Cupola o : - :
test | - Maxi-| nin | Addi- .| Rate | Ratio .
No. On at— aXl-] Mg ipoyred. tional | Total.| Time.| per [iron to] Loss. | Iron |Coke.
mum. | in— Imelted. hour. | coke. :
0z | Min. | Lbs. | Lbs. | Lbs. | Min.| Lbs. Per ct.| Lbs. | Lbs.
116 | 10.41 a. m... 7 12 772 318 | 1,090 331,982 | 3.25 | 3.13 (1,816 95 .
142 | 10.55 a. m... 6] 1,637 399 | 2,036 353,490 | 5.72| 7.60] 736 74
LADLE RECORD.
Test 116. Test, 142. . Test116. |  Test 142.
Ladle No. ; . ; Ladle No. : o
Time |- Time Time ;| Time
Pounds. (a.m.). Pounds. (2. m.). Pounds. (a.m.). Pounds. (2. m.).
D - 831 11.05 81| 11.07 83| 11.24
2 94 1 11.06 87| 11.10 64 | 11.25
T 74| 1111 751 11.104 104 | 11.25%
4o 90 | 1112 731 11.12 77| 11.26
S 97 | 11.123% 70 | 11.12% 55 | 11.28
G 231 11.13 80| 11.17 98 | 11.28%
T .65} 1117 751 11,173 72 | 11.29
8 721 11174 80 [ 11.18 58 | 11.33
[ 89| 11.18 841 11.19 63 | 11.33%
100 ..o 61 | 11.25 611 11.23 58 | 11.34
Mmoo 24| 11.26, 99 | 11.23% 40 | 11.36

Remarks.—Test 116: Iron hot; charges hung

ladle. Test 142: Iron medium temperature.

and bottom dropped after eleventh
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BRIQUETTING TEST.
Arkansas No. 7 B (washed slack).

Test 106.—Machine used, English. Temperature of briquets, 179.6° F. Kind of
binder,@ coal-tar pitch; laboratory No. 2735 (see p. 40). Amount of binder, 4, 5,
and 6 per.cent. Weight of fuel briquetted, 4,000 pounds.

Briquets made with 4, 5, and 6 per cent of binder were equally satisfactory, with
hard, fine structure, glossy fracture, and well-molded, sharp edges. In-the drop
test with 4 per cent binder the 1-inch screen held 31.4 per cent and passed 68.6 per
cent. In the weathering test all binders were exposed 80 days; condition for the 4
per cent C, for the others B. ) . ] .

ARKANSAS NO. 8.

Semianthracite coal from Spadra, Johnson County, on the St.
Louis, Iron Mountain and Southern Railway, was designated Arkan-
sas No 8. The coal as worked at a depth of 87 feet at thls place
"averages 2 feet 10 inches in thickness. '

.The sample, which was shipped under the supervision of W. J. Von
Borries, consisted of No. 4 coal screened on a 1}-inch round per-
forated screen. It was used in making steaming tests 297, 308, and
(washed coal) 309; producer-gas test 95, and washing test 144

. Two mine samp]es were taken for chemlcal analysis. Sample 2587
was cut 1,300 feet northeast of the shaft, where the coal measured
2 feet 11 1nches in thickness. Sample 2588 was cut 1,650 feet north-
west of the shaft, where the coal measured 2 feet 114 mches in thick-
ness. :

CHEMICAL ANALYSES.

Arkansas No. 8.

SERBYR BR&I3Q

Steaming tests.b
Mine samples. CMI
T | semple | o7, 308. 309.
Lnbomtory number... ...l 2587 2588 2744 ..ol ..
Air-drying 1oss. . ...ooviiiiiii i 2.50 2.10 L (1 O P
Proximate: -
Moisture...........co.ooiiiiiiiiia, 3.24 5.9 5.
Volatile matter. 9.90 11.21 10.
Fixed carbon 71.93 74.80 75.
14.93 8.06 7.
2. 46 2.08 2.
3.34 3.63 3.
........... 75. 46 82.06 82.
......... .53 .57 .
........... 2.70 2.96 2.
............... 15.43 8.57 8.
Sulphur .............................. 2.54 2.21 2.
Calorific value (as received): .
Determined................ (]’f‘l?;“gs :
. Calculated from ultimate fcalories. .
analysis.................. B.t.u...

a ’I‘hc ﬂowmg pomt of the binder used was 188.8° F., and 58.56 per cent of the sample as received was
extracted by CSa. All other data concerning this binder were lost in the fire.
% Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TESTS.
" Arkansas No. 8 (washed).

Test 297. | Test 308. | Test 309.

Size as used: ) .

Overlinch....... ...l per cent.. 46.6. 24.0 15.4

$inch to 1 inch. ....do.... 16.0 17.0 14.8

4 inch to % inch .do.. 8.7 18.0 18.5

Under } inch. .. .do.. 28.7 41.0 15.3
Duration of test. ... ... ... ... il hours. . 9.72 5.03 5.03
Heating value of coal.................... B. t. u. per pound of dry coal..| 13,000 14,125 14,153
Force of draft: .

Under stack damper...... ... oo inch water. . 0.63 0.72 0.62

Above fire....... ... ... do....|.......0 . @ |eeeaiii.s

Inashpit......... .do... .03 .......... (b)
Furnace temperature. .. ... ......co.ooiiiiiiiiiio... ..°F. 1,964 1,961 2,403
Dry coal used per square foot of grate surface per hour........ pounds. . 18.55 16.13 22.12
Equivalent water evaporated per square foot of water-heating surface

perhour..... ... .. .....oi.. s pounds. . 3.03 2.89 3.79

Percentage of rated horsepower of boiler developed..... 85.0 80.9 106. 3
Water apparently evaporated per gound of coal as fired 6. 69 7.01 6. 69
Water evaporated from and at 212° F.:

Per pound of coal as fired....... . 7.93 8.42 8.08

Per pound of dry coal...... . 8.19 8.96 8.59

Per pound of combustible.._.... ....do... - 10.49 10. 82 10. 06
Efficiency of boiler, including grate.............. e per cent.. 60. 84 61. 26 58. 61
Coal as fired: ’ :

Per indicated horsepower hour..................... ... ... pounds.. 3.57 3.36 3.50

Per electrical horsepower hour........................ ... do.... 4.40 4.15 4:32
Dry coal: ~ - :

Per indicated horsepower hour.. 3.45 3.16 |- 3.29

Per electrical horsepower hour. 4.26 3.90 4.07

a Natural draft. b Forced draft.

PRODUCER-GAS TEST.
: Arkansas No. 8.

Test 95.—Size as shipped, 4 inches; size as used: -Over 1 inch, 68 per cent; % inch
to 1 inch, 13 per cent; } inch to 4 inch, 6 per cent;. ynder } inch, 13 per cent. Dura-
tion of test, 26 hours; average electrical horsepower, 177.2; average B. t. u. per cubic

foot of gas, 130; total coal fired, 8,550 pounds.

Coal as Combuste
. fired. |DTYe0ali™ ppe.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: ‘
Commercially available 1.96 1.90 1.60
Developed at switchizoard 1.86 1.81 1.52
Per brake horsepower: . .
Commercially available . ... ... ... ... S 1.66 1.62 1.36
Developed at engine ...... R 1.58 1.54 1.29
Equivalent used by producer plant (pounds).
Per electrical horsepower:.
Commercially available. ... ... . .. oot 2.13 2.07 1.74
Developed at switehboard. .. ... .. ... .l 2.02 1.97 1.65
Per brake horsepower: ' : ,
Commercially available. .. ... ... ... 1.81 1.76 1.48
Developed at engine. ....... ... ...l 172 1.67 1.40
Analyses.
Coal. | ’ Gas by volume.
Moisture.......... SR 2.74 | Carbon dioxide (COs).......................
Volatile matter .- 9. Carbon monoxide (CO)
-Fixedecarbon... . ...... ... . ........ L. T Hydrogen (Ha)........ ... . c.o....o..

Ash. i . Methane (CH¢).....oooniiiiiiiiiaiae

Nitrogen (N3). ..
gen (Og) ..

Sulphur..... .. e 2.45 | OXy, ..
’ Ethylene (C:H,)

OB D 1D
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WASHING TESTS.
Arkansas No. 8.

Test 144.—Sizeasshippedand used, No. 4 nut. Jigused, Stewart. Raw coal, 23,000
pounds; washed, 19,570 pounds; refuse, 3,430 pounds. .
Analyses.—Raw coal: See car sample No. 2744 (p. 69). Washed coal: Moisture,
5.03; ash, 7.85; sulphur, 2.03.

ARKANSAS NO. 9.

~ Bituminous coal from Bonanza, Sebastian County, on the Frisco
System, was designated Arkansas No. 9. The coal, as worked at a
depth of 350 feet at this place, averages 3 feet 3 inches in thickness.

This sample consisted of slack coal through a 13-inch bar screen.
It was shipped under the supervision of John W. Groves, and the
following tests were made: Washing test, 140; coking tests, 98, 99,
101, 102, and 103 on washed coal; and cupola tests 95 and 117.

Two mine samples were taken for chemical analysis. Sample 2599
was cut 1,400 feet southeast of the shaft, where the coal measured
3 feet 1% inches in thickness. Sample 2600 was cut 1,100 feet west
.of the shaft, where the coal measured 3 feet 2 inches in thickness. -

CHEMICAL ANALYSES.
Arkansas No. 9.

Mine samples. 'sa.gigle
Laboratory NoO. . ... e 2599 2600 2690
Adr-drying loss. . 0. oo e 1.70 1.80 4.20
Proximate:
Moisture...... 1.99 2.12 5.26
Volatile matter. 15.90 16.17 14.71
Fixed carbon... . 75.06 75.01 55.22
74N 1 7.06 6.70 24.81
SULPRUT. . +1.05 1.78 1.00
Ultimate: .
Hydrogen.... 3.91
Carbon. ... 59.87
Nitrogen... 1.23
XYECIN e caancenrnnns 9.18
Calorific value (as received): lori 7826 5.506
: calories. . X
Determined. ... ..o B.t.u... 141087 o 10, 451
 Calculated from ultimate analysis. ....................... cl:éml%nﬁs e[ 13; gég

WASHING AND COKING TESTS. .
Arkansas No. 9 (slack).

Washing test 140.—Jig used, Stewart. Raw coal, 77,300 pounds; washed, 57,350
pounds; refuse, 19,950 pounds. :
Coking tests (on washed coal).

| Test 98, st 99. |Test 101.a{Test 102.6]Test 103.¢
Size as shipped.... ...l ....inches.. 1 LT 1% 1% 1} 13
Sizeagsused......... ... ... do.... f.c ! 14 f.c. f.c. 14
Durationof test. ... hours.. 28 24 39 43 46
Coalcharged.......c.ocooiiiiiiiiiiiii.. pounds..|..........{...o.ool e 10,000 10, 000
Coke prodfieed. . .......coooocoiiL { .. do.... e > gfg;
Broeze produced. e FUTIRR ol 1 {ébgg
Total yield. .. .. ..o do.... . 68.00

8 Plus 3.44 per cent asphalt. b Plus 10 per cent pitch. ¢ Plus 5 per cent pitch.
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Remarks.—Test 98: No coke produced; ashed downabout 5 inches. - Test 99 on
washed slack not crushed gave same result; no coke. Test 101: No coke produced;
ashed down about 6 inches. Test 102: Dull-gray color; soft and punky; dense with
good weight; breakage very irregular, large and small chunks. Test 103: Very soft
and punky; has appearance of being cemented together after volatile was driven off;
high yield of breeze due to noncementing action, all volatile being driven off; 5

per cent pitch, not enough, as results from test 102, 10 per cent pitch, show. - >
Analyses. -
| Washing test 140. Coking | Coking ﬁ Coking test 102. Coking test 103.
T test 98 | test 101

(I;%Ef Wg::ﬁed' (coal). | (coal). [ Coal. | Coke. Coal. Coke.
Moisture..... 5. 26 7.78 7.43 A 6. 30 5.60 0.30 5.76 0.33
Volatile matte 1471 ... | 1384 1474 17.22 .81 14.84 .80
Fixed carbon. 55.22 65.55 |  65.01 64.03| 8148 66. 63 83.70
Ash........ 1 2481 13.18 | - 13.95 13.15 17. 41 12.77 15.17
Sualphur L00|- .98 .96 .98 101 1.07 1.02 1.07

Cupola tests of coke made from Arkansas No. 9 coal, washed, plus 10 per- cent pitch.

B

CHARGE.
Coke.a Divisions of charge.
Cupola |[— —— - F{lt‘"d' ) ¢ - -
test | megp [Specific) Ratio | ¥ | Materials. | i Total.
- No. | 5 |'grav- |ironto| P L 2 s 4, 5.
. ity. | coke.- : ‘
Per . o | Zbs. | Lbs. ; Lbs. | Lbs. t Lbs. | Lbs
’ Coke........ 210 I 55 55 [ 5. . 430
95 102 2.04 7| 88.89 {Pigiron..... 630 405 405 ©405 405 2,250
Serap....... 210 135 135 1351 135 750
Coke.... ... 290 53 53 2] 52| 430
117 0 102 2.04 7| 98.61L {Pigiron..... 660 398 398 397 397 1 2,250
Serap....... 220 133 133 132 | 132] 7
"RECORD OF MELT.
Blast pressure. Weight of iron. Melting. Recovered.
Iron ————;~—— -
Cupola :
thst. Mox. | rin- Addi- Rate |Ratio
No. Onat— [8% | D08 |poured.| tional |Total. | Time.| per Mo | Loss. | Iron. [Coke.
Ain— 0
i melted. hour.
coke.
Oz. | Min. | Lbs. | Lbs. | Lbs. | Min.| Lbs: Perct.| Lbs. | Lbs. -
95 | 10. 50 a. m. 7 12| 679 354 | 1,033 282214 356 507|1,815 140
17| 8022 m. Gf 16| 1,005| 288 (1,203 25| 3103 | 4.0L| 810 | 1 d6d |- 108
AN
LADLE RECORD.
| Test 95. Test 117. - Test 95. | Test 117.
Ladle No. ) . j - Ladle No. l .
Time Time Time _
Pounds. (a.m.). Pounds. (a.m0). Pounds. (& m) Pounds. (a.m.)
82| 11.16 78 8.26 6l 11. 30 77 8.38
50 | +11.19 52 8.31 . . 54 8.38%
92 | 11.19% 53 8. 313 55 8.39
53 | 11.20 =70 8. .32 64 8. 39
58 | 11.26 67 8. 32} 70 8. 41
72 | 11.264 37 8. 34 48 8. 42
91 11. 27 60 8. 343 45 8. 42%
61 11.29 66 8.35 26 8.43
59 | 11.29% 83 8. 35% 4

a Phosphorus in coke, 0.0329 per cent; sulphur in ash, 0.17 per cent.

Remarks.—Test 95: Iron cold and dull. Test 117: Iron hot and fluid.
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ARKANSAS NO. 10.

Lignite from a mine located 7 miles west of Lester, Ouachita
County, on the St. Louis, Iron Mountain and Southern Railway, was
designated Arkansas No. 10. The lignite, as worked from the out-
crop at this place, averages 5 feet 6 inches in thickness.

This sample consisted of run-of-mine lignite and was shipped
under the supervision of John W. Groves. It was used in steaming
test 340 and producer-gas test 91. _ .

Two mine samples were taken for chemical analysis. Sample
2647 was taken 300 feet from the drift mouth, where the coal meas-
ured 6 feet 6 inches in thickness. Sample 2648 was taken in the air
course 300 feet from the drift mouth, where the coal measured 5 feet
in thickness.

' CHEMICAL ANALYSES.

Arkansas No. 10.

Car  |Steaming

Mine samples. sample. | test 340.5

Laboratory No.. ... 2647 2648 2726 |..........
Air-dryingloss................. e . 3260 35.70 25.10 |.........
Proximate:
Moisture. ... - 39.50 41.25 39. 43 38.75
Volatilematter. . ... ... ... ... ... .. i 25.35 27.96 26. 49 25, 82

Fixedcarbon........ ... ...l e 22.57 22.98 24,37 22.20

Ash. oo [ 12. 58 7.81 9.71 13.23

Sulphur........... .53 1] .49 .57
Ultimate: .

Hydrogen 6.08 | 4.00
Carhon.. 36.33 55. 88
Nitrogen 68 1.04
nygen 45. 81 %? 55
SN e 21.60
SUIPRUT . L e e e .93
Calorific value (as received): ) .
Determined. .. ... {%ul%nﬁs
Calculated from ultimate analysis.............. %ﬂ“l%nﬁs' -

a Car sample figured from producer-gas test 91.
b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured fron cur sample.

N

STEAMING TEST.

Arkansas No. 10 (run of mine).

T

Test 340.
Size as used:
3 inch to 13 inch 36.3
1} inch to 1 inch 8.1
inch to 1 inch 19.3
inch to 4 inch . 15.0
Under 4 inch..... d . 21.3
Duration of test........... e .. 9.0
Heating valucof fuel.... . ... ... .. ... ..l .. 9,549
Force of draft:
Under stack damper........... e e e e et e .. 182
Above fire. ... ... .. .. s do.... @12
Dry fuel used per square foot of grate surface per hour 35.33
Equivalent water evaporated per square foot of water-heating surface per hour..._... do.... 3.71
Percentage of rated horsepower of boiler developed. ....... ... ... :... ..coo..e. reeeaaas 51040
Water apparently evaporated per pound of fuel as fired............................ pounds. . 2.99

¢ Forced draft. b Test represents maximum capacity.
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STEAMING TEST—Continued.

Arkansas No. 10 (run of mine).

Test 340.

Water evaporated from and at 212° F.: -

Per pound of fuel as fired . ... .. .. i 3.59

Per pound of dry fuel................. 5.86

Per pound of combustible............... 7.60
Efficiency of boiler, including grate 59. 26
TFuel as fired:

Per indicated horsepower hour 8 7.88

Per electrical horsepower hour. ... ... ... .. il d 9.72
Dry fuel:

Per indicated horsepower hour 4.83

Per electrical horsepower DOUT . ... ... ittt 5.96

" PRODUCER-GAS TEST. .

Arkansas No. 10 (run of mine). -

Test 91.—Duration of test, 18 hours. Average electrical horsepower, 128.7. Aver-
age B. t. u. per cubic foot of gas, 125.3. Total coal fired, 8,250 pounds. )
Coal as . Combus-
| fired. Drycoal.l “ipe,
Coal consumed in producer per horsepower hour (pdumds) .
Per electrical horsepoyer:
Commercially available. . 3.87 2.34 1.96
Developed at switch board . 3.56 2.16 1.81
Per brake horsepower:
Commercially available. R 3.291 . 199 1.67
Developed at engine. ... ... ... it 3.03 1.83 1.54
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Commercially available. .. .........ooiiiiiiiiiiiiii i 4.41 2.67 2.24
Developed at switeh board ... . 11l 4.07 2. 46 2.07
Per brake horsepower:
Commercially available............... ... 3.75 2.27 191
Developed at engine. .. 3.45 2.09 1.76
. |
Analysis of gas by volume.a
Carbon dioxide (COy)...... e L1356
Carbon monoxide (CO 14.0
Hydrogen (Hj) . 9.2
Methane (HC,) . 2.4
Nitrogen (Ng) . .veemmieii i . 60.9

Sy

ARKANSAS NO. 13.

Bituminous slack from mines at Denning, on the St. Louis, Iron

Mountain and Southern Railway, was designated Arkansas No.

13.

Three cars (100 tons) of this coal were shipped by the operator

umnspected and used for briquetting tests 1641%, 214, and 221.

a For analysis of coal see p. 73 (car sample No. 2726).
b Briguets from this test were used in water-gas machine test. (See p. 44.)
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CHEMICAL ANALYSES.
Arkansas No. 13.

) N R vste.a
Car _—‘“B.nquctt;lvng tf ts
sample. | ygqp 214, 221,
Labratory No. ... i 3798 .. 4626
Alr-drying 108s. ... . i ) (V2 O N 0.80
Proximate:

Moisture...................olll. e 2.91 1. 49 1.05 176
Volatilematter.. . ... ... ... ... 12.65 15. 11 16. 50 15. 98
Fixed carbon. .. .. .. .. ... . ¢ 68.30 68. 84 67. 30
h 15. 10 13.61 14. 96
2.58 2.48 2.29
3.84 3.85 3.84
75.03 75.63 75.65
1.35 1.24 1.24
1.83 1.70 1.7
15.33 15.23 15.23
2.62 2.33 2.33
{calorics. . 7,181,
B.t.u.... 12, 926
{culorias. g0 6,876 .
Botou.. 12,377 |

o Proximate analysis of coal as received; ultimate analysis on dry basis,

BRIQUETTING TESTS.
. Arkansas No. 13 (slack).’

Tests 164, 214, 221.—Sizc as used: Over % inch, 1.4 per cent; ¢ inch to § inch, 6.2
per cent; 7 inch to % inch, 10.6 per cent; 7 inch to 45 inch, 15.8 per cent; through
£ inch, 66 per cent. There was no apparent difference in appearance between
briquets made with 7 and 8 per cent binder. Both were excellent briquets, with
hard, smooth surface, clean fracture, easily handled, and piled while warm. Less
binder could be used with increased pressure. The briquets with 8 per cent binder
made less slack in handling when cold. Those with 9 per cent binder were not satis-
factory, as the pitch used had a much higher melting point and could not be suc-
cessfully worked at the pressure available.

Test Test Test
164t. ¢ | 214, 221.
Details of manufacture: ' ) “
Machine used........... ... ... e Renf. Renf. Renf.

Temperature of briquets. ... 0FL 185 185 185

Binder— : .
Kind................ e e e i iaeeaan W.g.p.| w.gp. w.g.p.
Laboratory No. (see p. 40) ... ..o 3885 { 322{3 1} 4625
Amount........ ..percent_. 7 8 9
‘Weight of— )
Fuel briquetted. .. .pounds..| 140,000 40,000 * 5,000
Briquets, average. ...do.... 0. 451 0. 464 0. 489
Heat value per pound—
Fuel as received. B.t.u.| 12,312 12,312 12,312
Fuel as fired. .. do....|] 12,917 12,026 f..........
) Binder.. ... ....do....| 16,870 16,812 | - 16,576
Drop test (1-inch screen):
153 g per cent. . 54.5 49.5 51.0
T do.... 45.5 5.5 49.0
Tumbler test (1-inch screen): .

2] e ... 79.0 8L.5 86.0
Passed (fines). .. S 21.0 18.5 14.0
Fines through 10-mesh sieve..... ... ... ... do.... 87.7 87.3 88.9

Weathering test: .

Time eXposed. . . o il days.. {01 7 S D,

Condition. ... i B2 O PN N,
Water absorption:
In 10 dayS. oo et per cent. . 1.2 i

In13days............. e et do....|.......... 13.6 10.2
Average for first 5 days. ..do.... 250 |+ 2.36 1.72

Specific gravity (apparent)............ e 1.130 1.161 1.247

a Briquets from this test were used in water-gas machine test (p. 44).
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Ezxtraction analyses.

B

Briquets. |
Pitches. Fuel. Test Tests
164, | 214,221
" Laboratory No.........cccoooieiaiao.... 3885 4625 4683 3798 4802 4626
Air-drying loss, ..~ ............ 150 3 11 A R DI 1.70 0.70 0.80
Extracted by C—Sz
Airdried............. ... ... ' (o TR P Y D .10 5.80 6.
Asreceived.................... do.... 95.20 90. 56 89.31 . .09 5.7 6.
Pitch in briquets, as received...... [ 10 P PR PR PO 5.97 6.

FLORIDA.
FLORIDA NO. 1.

“Peat from a bog located at Orlando, Orange County,- on the Sea-

‘board Air Line Railway, was designated Florida No. 1.

This sample consisted of machined peat made by a commercial
process and sun dried, and was used in steaming test 386 and producer-
gas test 117.

By this process the peat ﬁrst passes through a condenser, which dis-
integrates the material and destroys ‘the fiber. From the condenser
the peat is elevated to a molding machine, consisting of a cylinder and
two vertical molding wheels. Through the cylinder passes a vertical
shaft to which are attached revolving arms set in a screw forni.

Between these arms perforated plates are set. The peat passing into

the top.of the cylinder is forced down through the plates to the mold-
ing wheel. From the molding wheel the bricks, which are 8 by 4 by
24 inches, are dropped on bhoards which are being continually pushed
under the machine by a link-belt carrier. These boards, containing
6 bricks each, are loaded on wagons, 50 to the load, and are hauled to
the drying ground, where they are allowed to lose from 60 to 75 per
cent of their moisture content.

Two samples were taken for analysis. Samplé 3268 is raw peat
just as it comes from the bog, and sample 3269 is one of the bricks
as it-came from the machine before delivery to the drying ground. .
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CHEMICAL ANALYSES.
Florida No. 1.

(K

) Car Steam-
Bog samples. sample.e 1113g8 (E%st
Laboratory No.......... e e PO 3268 3269 3270 |..
Alr-drymg JO8S . et 91,70 84.70 9.00
Proximate: . | .o
Moisture. ... ... i : 92. 41 88.40 21.00
Volatile matter 468 |\ 7.28| . 5L.72
Fixed carbon........... 2.58 3.57 22.11
Ash.. ...l .33 .
SUIPIUT . .« e
Ultimate:
Hydrogen................... s

Carbom. ... .

Calorific value (as received): Jorics.”
. ealories. .
Determined..... R B.t. ...
calories.

Caleulated from ultimate analysis T B tou. -

a Rigured from sample taken from c1‘)r0dnccr-gas test 117.
b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sar

STEAMING TEST. :
Tlorida No. 1 (compressed peat). ’

nple.

Test 386.
Duration of test. ... ..o i ieeiiiiieeaaa hours.. 4.07
Heating valueof fuel... ... ...l B. t. u per pound of dry fuel.. 10, 082
Force of draft:
Under stack damper e e ieeieeaeaeaeeeieaaaaa.. inch water.. 0.69
78570 I S do... .13
Furnace temperature. . ... ..ot i L..OF.. 2, 457
Dry fuel used per square foot of grate surface per hour.. .pounds. . 33. 49
Equivalent water evaporated per square foot-of water-heating surfac .do.... 4,04
Percentage of rated horsepower of boiler developed. ... ... .. . ... i i 113.2
Water apparently evaporated per pound of fuel as fired. .. .pounds.. 4,27
Water evaporated from and at 212° .
Pcrpoundoffudusﬂred.....................................’ ..................... do.... 5.00
Perpqund of dry fuel. ... i do.... 6.04
Per pound of combustible.. .. ...t do.. 6.63
Efficiency of boiler, including grate. ... ... o i per cent. . 57.85
Fuel as fired:
Per indicated horsepower hour.. ... .. .. i pounds 5.66
Per clectrical horsepower hour. ... o do.. 6.98
Dry fuel:
Per indicated horsepower hour. .. ... i do.... 4.68
Per clectrical horsepowerhour...................o il e do.... 5.78
PRODUCER-GAS TEST.
Tlorida No. 1 (compressed peat).
Test 117.—Duration of test, 50 hours. Average electrical horsepower, 205. Average
B. t. u. per cubic foot of gas, 175.2.  Total fuel fired, 29,250 pounds.
]’ent as Dry Com-
fired. peat. | bustible.
Peat consumed in producer per horsepower hour (pounds).
Per electrical horsepower:
Commercially available. . ... ... ... 2.98 2.35 2.20
Developed at switchboard.......... ... .l i 2.85 2.25 2.11
Per brake horsepower:
Commercially available......... .. .. . . 2.53 2.00 1.87
Developed atengine.......... ... ... il 2.43 1.92 1.79
°  Equivalent used by producer plam (pounds).
Per electrical horsepower: .
Commercially available......... T e 3.16 2.5 2.33
Developed at switchboard.......... ... ... .. ... ... 3.03 2.39 2.24
Per'brake horsepower: ' :
Commercially available. ... ... .o i 2.69 2.12 1.98
Developed atengine...................... S 2.57 2.03 1.90
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Analysis of gas by volume.a

Carbon dioxide (COy). .. . 12.4
Carbon monoxide (CO) . . 210
Hydrogen (Hs2) ......... . 18.5
Methane (CHy) ....... e 2.2
Nitrogen (Hg) .......coooiiiiii i, P 45.5
Ethylene (CoHa) .. .ooniimn i it it 4

.GEORGIA.
GEORGIA NO. 1.

Bituminous coal from the Little River bed at Menlo, Chattooga
County, on the Chattanooga Southern Railway, was designated
Georgia No. 1. This coal, as worked from the outcrop at this place, -
averages 1 foot 11 inches in thickness.

'One sample, shipped under the supervision of A. K. Adams, con-
sisted of lump coal over a 1}-inch perforated stationary screen, and
was used in steaming test 481 and coking test 173.

Two mine samples were taken for chemical analysis. Sample -
4155 was taken 1,600 feet east of the opening, where the coal meas-
ured 2 feet in thickness. Sample 4156 was taken 2,800 feet east of
the opening, where the coal measured 1 foot 11 inches in thickness.

CHEMICAL ANALYSES.

Georgia No. 1.

Mi y Car | Jleans
ine samples. sample. 1n4g8 ! gs
Laboratory NO. . ... .ieui ittt i - 4155 4156 4320 . .........
Air-drying J0ss............oiiill e 1.90 2.30 3.20 ...
Proximate:

Moisture e 2.40 2.8 | - 3.8 3.11

Volatile matter. . 18.17 17.14 15.88 16. 90

Fixed carbon . 70.09 72.17 65. 83 62.77

CAsh........ ... 9.34 7.84 14.49 17.22

Sulphur. .. ... s 1.12 .67 1.27 1.29
Ultimate: .

Hydrogen. 4.32 3.92

Carbon. ... 70. 59 70.99

Nitrogen. . 1.09 1.09

L0575 U R (R 8.24 4.90

7 1 N ) P PO 17.77

Sulphur......oo e lorios [ P we | o 1.33

. . . . ‘calories. . |... 7, 7,106 [..........

Calorific value determined ¢as received)............ {B. tou. | 14108 1270y |

o For analysis of the peat used, see p. 77 (car sample 3270). ,
b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TEST.

Georgia No. 1.

Test 481.

Size as used: .

Over 1ineh. .. ..o e e N 37.9

dinchtolinch........... Ny .do.... 15.8

Yinchtoinch............. . : .do.... 14.5

Under}inch............. .do.... 3.8

Average dinmeter. . . .. ...inch.. 0. 89
Duration of test....... . 9. 47
Heating value ofcoal. . . ... ... .. i 12,8065
Force of draft:

Under stack QaIMPer. ... ..ottt et e e .. 0.81

Ahbovefire. ...l i do.... .19
Dry coal used per square foot of grate surface per hour. .. 22.32
Equivalent water evaporated per square foot of water-heating surface per hour. . .... do.... 3.99
Percentage of rated horsepower of boiler developed. .. ... ... .. ... . il 111.8
‘Water apparently evaporated per gound ofcoalasfired................ooiiill pounds. . 7.20
Water evaporated from and at 212° F.: N

Per pound of coal as fired. ... - 8.67

Per pound of dry coal..... . 8.95

Per pound of combustible....... . l_l. 39
Efficiency of boiler, including grate. .. 67.18
Coal as fired: .

Per indicated horsepower NOUT. ... ... i i iiiaieaeananas .. 3.206

Per electrical hoTsepower hoUT. ... . o e do.... 4.03
Dry coal: )

Per indicated horsepower hour. ... ... . i it do.... 3.16

Per clectrical hOrSePOWEr DOUT. ... .oii i iiiiiiiiiiiiiiae e eaaeaes do.... 3.90

COKING TEST.,
Georgia No. 1.

Test 178.—Size as shipped, 1} inches and larger; as used, raw, finely crushed. Dura-
tion of test, 58 hours; coal charged, 12,180 pounds; coke produced, 8,100 pounds, 66.50
per cent; breeze produced, 549 pounds, 4.51 per cent;* total yield, 71.01 per cent.
Poor, dense coke. Large pieces of irregular size. Washing would probably improve
and make fair grade of coke. :

Analyses.
, Coal. | Coke:
MOISEUT®. .. .o \oeeeeieeiieeeiannnns e 3351 0.5
Volatile matter..... : 16.54 .35
Fixed carbon....... 66.07 81.69
Ash....ooeeaion 14.04 17.51
SUIPRUT. L. e s 1.291  1.00

ILLINOIS.
ILLINOIS NO. 7.0

Screened nut coal from a mine near Collinsville was designated
Illinois No. 7 E, and was used in steaming test 516 and briquetting
test 244+

a For other tests of coal from this mine, made during 1905, see Bull. U. S. Geol. Survey No. 290, 1906,
pp. 57-60. :
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CHEMICAL  ANALYSES.

Illinois No. 7 E. 5
: Briquet- : Briquet-
Steaming f . Steaming | i:
test 516.0 | “78 105 tost 56.a | 58 103t
Proximate: ) Ultimate:

Moisture....... 14. 47 6. 06 Hydrogen 3.84 . 3.57
Volatile matter .. 28.14 30.09 Carbon.. 56. 08, 59.48
Fixed carbon........ 35.16 40. 34 Nitrogen. st . .83
Ash.....o..oil. 22.23 23.51 Oxygen A '8.82 5. 67
Sulphur. e 3.73 5.09 Ash._..... 25.99 25.03
i Sulphur.. 4.36 5.42

@ Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
b Proximate analysis of fuel as recelvcd ultimate analysis on dry basis.

STEAMING TEST.
llinois No. 7 E.

‘ Test 510.
Size as used:
COVEr LANCh. ..o i . 4.8
4 inch to 1inch . 24.7
4 inch to 4 inch 25.1
Under 3 inCh .. ..o e 1 45.4
Avemge diameter .. .. 0.47
Durationoftest .............. .. 7.85
Heating value of coal 10,283
Force of draft: : , :
Under stack damper ......................................................... i .. 0.87
Abovefire. . . .13
In ash pit 31
Dry coal used per square foot of grate surface per hour . pounds. . 31.99
Equivalent water evaporated per square foot o water-hmtmg surmce perhour........ do.... 3.70
Percentage of rated horsepower of boiler developed PR 103.7
Water apparently evaporated per yound ofcoalas fired.......ooooeiiii il pounds. . 4.09
Water evaporated from and at 212 ’
Perpoundofcoalusﬁred......_..A........._............A..........; ............ L.do.... 4.95.
Per pound of Ary Coal. .. oottt i e do.... 5.79
Per pound of combustible do.... 8.21
Efficiency of boiler, including grate......._ .................. e s per cent .. 54.38
Coal as fired:
Per indicated horsepower hour. . 5.71
Per electrical horsepower hour 7.05
Dry coal:
Per indicated horsepower hour 4.88
Per electrical horsepower hour 6.03

BRIQUETTING TEST.
Illinois No. 7 E (slack).

Test Z44T —S8ize as used: Over % inch, 1.5 per cent; 1 inch to 4 inch, 6.6 per cent;
45 inch to 1% inch, 14.2 per cent; g5 inch to 5% inch, 22.0 per cent; through 3y inch, 55.7
per cent. Briquets with 8 per cent binder were satisfactory, were easily handled from
the machine without breaking, and became very hard when cold; fracture was rough
and edges easily crumbled, owing to excessive amount of clay present; outer surfaces
smooth, with dull color. For abalyses of briguets see top of this page .

SR

Details of manufaciure: Dro%test (1-inch ser een)
Machineused........................ Renf. || | Held..... 63.
Tcmdperature of briqueis........ °F.. 167 Passed. ... 36.

................................ Tumbler test (1-inch screen):
............................. W.g.P. Held ..........................do.... 87.5
La.bora.tmy No.(see p. 40) ....... 4806 Passed (fines).................. do.... 12.5
 Amount................ per cent.. 8 Fines through 10-mesh sieve....do.... 97.2
‘Weight of— Water absorption: -
Fuel briquetted......... pounds..{ 12,000 In10days.........ovviinian. 7.4
Bri gluets average......... do....| 0.472 - Average for first 3days........do.... 1.9
Heat value per pound— Specific gravity (apparent)............... 1.257
Fuel as recelved. B.t.u..| 8,797
Fuel as fired. . ...do....| 16,021
- Binder...... . do. ... 16,8064
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Eztraction anaiyses.

81

. Briquets,

Pitch. ) Fuel. test 244t

LODOTBLOTY N0 -« 4806 | 4700 4998

Air-dryin, loss ................................................ ent. .| ......... ©10.60 1.70
Extracte 3' CSg .

Airdried. ... ... don e .47 8.24

As received 96. 90 .42 8.09

Pitch in briquets, asreceived. .........cooiiiiiiiiiiiiieedonn el 7.96

ILLINOIS NO. 9.0

" Bituminous slack coal from a mine near Staunton was desagnated
Illinois No. 9 C. One carload, shipped uninspected, was used in
steaming tests (on briquets) 492 and 497 and brlquettmg tests 189,

190, 233, and 234+.
CHEMICAL ANALYSES

. Illinois No. 9 C.

Car Smmnlng_icstéi griqget{,
sample. 1ng Los
492. 497. 2341.b
Laboratory NO. .. .cuuit ittt it 4247 4406 4473 4874
Alr-drying 108S. . ..o oiiin i i 13.30 J.oovnnnnnn 15.10 3.10
Proximate: . B
Moisture. ... ... 15.25 14.62 17.43 5. 43
Volatile matter .. 28. 57 32.38 28.98 33. 55
Fixed carbon. .. ) .. 30.13 39. 99 47.63
13.87 13. 60 13.39
3.51 3.30 3.52
4.33 4,31 4,44
65. 67 66. 29 68. 44
.88 .99 .94
8.77 “7.94 8.30
16.24 16. 47 14.16 -
4.11 4. 3.72
Calorific value (as received): Jori 5 43 5 524 6. 507
calories. . 5439 |.......... !
Determined ...l {B. tou.. 91 700 | 9:943 11:71,3
Caleulated from ultimate analysis. ... {F100% | &g |wrrr

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

b Proximate analysis of fuel as recelved ultimate analysis on dry basis.

STEAMING TESTS.
Illinois No. 9 C (English briquets).

- | Test 492. | Test 497.
Duration of test . ... ... i s hours.. 10.00 9.328
Heating valuc of fuel. ... ... .. .. ... B.t.u. per pound dry fuel..[ 12,037, 12,042
Force of draft: '
Under stack damper. ....ccoeentiiee e ieraeaeannns eeeeaan inch water. . 0.91 0.84
Abovefire............... 0.... .05 .18
Inashpit.............. ..do.... 16 |oeael....
Trurnace temperatiare . . . .o . e iaaeaenan OF . |eeeenansn 2,605
Dry fuel used per square foot of grate surface per hour.. .. ............. pounds. . 22.52 19.75
Equivalent water evaporated per square foot of water-heating surface per
ROUT. . i pounds.. 3.50 3.06
Percentage of rated horsepower of boiler developed.................o...cooii... 98.2 85.9
Water apparently evaporated per pound of fuel as fired pounds 5. 51 5.32
Water evaporated from and at 212° F.:
Per pound of fuel as fired 6.65 6.42
Per pound ofdry fuel...... 7.79 7.77
. Per pound of comhustlblc 9. 37 9. 49
Efficiency of boiler, including gra.te (item 73) 62. 50 62. 31
Fuel as fired: E .
Per indicated horsepower hour........ JP e 4.25 4,40
Per electrical horsepowerhour. .. ... .. ... ...l d 5.25 544
Dry fuel: .
Per indicated horsepower hour ................ e ettt do.... 3.63 3.64
Per electrical horsepower hour. ... ... ...l feeeans do.... 4.48 4.49

aFor other tests of coal from this mine (Illinois No. 9 A and Illinois No. 9 B), made during 1905, see

Bull. U. 8. Geol. Survey No. 290, 1906, pp. 63-66.
19698, Bull. No. 332—08——6
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Remarks.—Forced draft was used in test 492 (on English briquets made in test 189)
and natural draft in test 497 (briquetting test 190). .Briquets were burned whole in
both tests, but did not burn well with natural draft; 4.3 per cent black smoke. Test
492 made 51 per cent clinker; test 497 made 36 per cent clinker. :

BRIQUETTING TESTS.
Illinois No. 9 C (slack).

Tests 189, 190, 288, 284.—Size as used: Over  inch, 0.4 per cent; {4 inch to } inch,
3.9 per cent; 5 inch to ¢y inch, 14.4 per cent; 4% inch to % inch, 25.1 per cent;
through % inch, 56.2 per cent. Briquets with 6 and 7 per cent binder were satis-
factory, having hard surface but rough fracture without crumbling; outer surface of
"Renfrow briquets soft, although they stood handling from machine; fracture crumbly
but briquets tough. This coal requires high pressure to make good briquets. For
analyses of briquets see page 81 (briquets from test 189 under “‘Steaming test 492,”
from test 190 under “Steaming test 497 ).

i
Test 189. | Test 190. | Test 233. Test 234%.
) . i
Details of manufacture: .
Machineuséd..........c......oiiiiiiiiiia... e Eng. Eng. -Renf. Renf.
Temperature of bnquets .............................. °F.. 167 167 149 149
Binder— o )
. w.g.p | w.gp | wegp| wegp
Laboratory No. (see P.40) . ... oiiiiiiiiiiiinin.nn 4543 4543 4806 4806
: Amount. ... per cent. . 6 7 8 9
Weight of—
Fuel briquetted. . pounds..| 12,000 12,000 18,000 5,000
Briquets, uverage .do.... 3.85 3.73 0. 448 0. 426
Heat value per pound . . :
Fuel as received B.t.u.. 9,790 9,790 9,790 9,790
. ....| 10,276 9,943 (a) 11,713
16,969 16,969 16,864 16,864
62.0 57.0 54.5 64.5
38.0 43.0 45.5 35.5
77.2 76.2 87.5 88.5
Pnssed (fines). 22.8 23.8 12.5 1.5
Fines through 10“mesh sieve 80.3 8.4 95.5 84.6
‘Weathering test:
Time eXposed. ..ot .. 6 [ 70 PP I
Condition........ ...l o B ) 20 PR P
Water absorption: .
Inl9days....oooiiiiiiiiii percent.. 9.4 120 oot
In13days.............. R (s F O P 10.2 9.1
Average for first 3 days....... do.... 1.67 2.03 2. 43 2.17
Specific gravity (apparent) .............................. e 1.146 1.124 1.098 1.128
~aNo test.
Extraction analyses.
. .Briquets.
"Pitches. Fuel. -—
Test 18¢. | Test 190. { Test 234t.
Laboratory No. 4247 4406 4473 4874
Air-drying loss 13.20 12. 30 15.10 3.10

Extracted by C :
7.18 7.28 9.71
6.30 6.18 9.41
575 5. 50 9.12
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ILLINOIS NO. 12.¢

Bituminous coal from Bush, Williamson County, designated Illinois
No. 12 B, was No. 5 washed, and this sample was shipped uninspected
and used washed in steaming test 463 (on briquets) and briquetting
tests 166*, 177*t, and 181%*. "

CHEMICAL ANALYSES.
Illinois No. 12 B.

' . Briquetting tests.d

Steaming

Car samples, washed.

v test 46301 yrpep [ g
Laboratory No ..........o.coooiiiit 4201 |© 3907 4085 4228 ..o
Air-dryingloss ....... ... ... ... 13.30 | 9.00 12,40 |
Proximate: .

Moisture . ...l 15. 87 12.61 15.31 6. 99 5. 57 5.78
' Volatile matter. . 28.19 30.08 28.93 32.36 32.38 52.62
Fixed carbon.. .. 46. 42 46.81 45.29 .50. 24 50.96 49. 80

. ) | R 9.:52 10. 50 10. 47 10.41 ) - 11.09 11. 80

* Sulphur 2.34 2.37 2.32 2.41 2.4 2.58
Ultimate: ‘ .

Hydrogen ...... . ... 5. 60 5.37 5. 61 4. 49 4.20 4. 59
Carhon .... 5. 88 .
Nitrogen . .
-Oxygen ..
Ash _....
Sulphur ...
Calorific value (as received): .
Determined ............... %‘12"35 -
Caleulated from ultimatejcalories. .
analysis.................. {'B. t.u...

« Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
b Proximate analysis of fuel as received; ultimate analysis on dry basis.

STEAMING TEST.

Ilinois No. 12 B (Renfrow briquets.) .
~
Test 463.
Durationof test. ... ... e hours.. 10.03
Heating value of fuel. ... ... ... B. t. u. per pound dry fuel.. 12,859
Force of draft with reference to atmospheric pressure: .
Under stack daINPer. . ...ttt ettt et inch water.. 0.81
ADOVe T . . i do.... L1
Furnace temperature .. .. ..o oottt e eaaaeeaeaaaaaaaan °F.. 2,490
Dry fuel used per square foot of grate surface per hour. .... e eeeaeeaan s pounds.. 18. 67
Equivalent water evaporated per square foot of water-heating surface per hour...... do.... "3.20
Percentage of rated horsepower of boiler developed. ......... ool 89.7
Water apparently evaporated per pound of fuel as fired................... s pounds. . 6. 61
Water evaporated from and at 212 °F: .
Perpound of fuel as fired. ... .. ... ... .- 7.98
TPer pound of Ary fUCL. . - oot et e 8.58
Per pound of combustible . . 9. 84
Efficiency of boiler, including grate............. ... ...l 64. 44
Fuel as fired:
Per indicated horsepower BOUT. o« ue ettt 3. 54
Per electTical NOTSePOWEr NOUT . cu. e ne et d . 4.37
Dry fuel:
Per indicated horsepower hour....... e e e e et do.... 3.30
Per electrical horsepower hour. ......... ...l i do.... 4.07

aTFor other tests of coal from this mine, made during 1905, see Bull. U. 8. Geol. Survey No. 290, 1906,
pp. 74-76. .
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Remarks.—Test 463 made on briquets from test 166*. Burned slowly with short
flame and hot bed; 5 per cent black smoke; 41 per cent clinker, dark-gray color,
stuck to grate. Ash contained fine unburned coal due to breaking up of fuel during
combustion. :

BRIQUETTING TESTS.
Illinois No. 12 B (washed).

Tests 166*%, 177%t, 181* —Size as shipped: No. 5. Size as used: Over % inch, 0.2
per cent; % inch to % inch, 3.4 per cent; 7 inch to ¢ inch, 15.2 per cent; i inch
to 4% inch, 24.4 per cent; through #; inch, 56.8 per.cent. TFor analyses of briquets
see page 83. Analysis of briquets from test 166* given under ‘‘Steaming test 463.”’
Excellent English briquets made with 6.25 per cent binder and Renfrow briquets
with 7 per cent binder. Briquets easily handled when warm, although some diffi-
culty was experienced in piling Renfrow briquets, which stuck together owing to
low melting point of binder. Surfaces of all briquets were ha.rd and smooth, with
rough, clean fracture and sharp edges.

Test :
Test'lﬁ(i*. 1774, Test 181%.
Details of manufacture: N R
MacChine USed . . . ..ot ittt eeaaea e eeaaaeaaan Renf. Eng. Renf.
Temperature of brigquets. ... ... .. oioiiii ot °F.. 131 185 131
Bin(%er-— - .
8 T 1R w.g.p.| W.g D w. g. p-
Laboratory No. (see p. 40)...: 4130 4543 4543 .
Amount. .. ... i .. 8 0.25
Weight of— : .
Fuet briquetted 100, 000 51, 000 53,000
Briquets, average -+ 0.463 3.66 0.432
Heat value per pound— e
Fuel asreceived. ... .. . e ieieieeeaanaas B.t.u..| 10,784 10,784 10,784
Fuel as fired BN s 11,961 12,155 12,076
BIDACT. . o oo oo il SRR ...} 17,060 | 16,969 16,969
Dro%test (1-inch screen) : .
....................................................... .. 66.5 85.1 65.5
Passcd ......... do.... 33.3 14.9 34.5
..do.... 83.5 84.5 84.0
Pussed (fines)................ ..do.... 16.5 15.5 16.0
Fines through 10-mesh sieve. ..do....| 96.5 78.3 96.0
' Weathering test:
Time exposed days.. 63 112 19
Condition. .. ... B. A. B.
Water absorption:
In19daYS. e .. 13.3 8.5 15.0
Average for first 4 days. : . 2.15 1.00 2.13
Specifie gravity (apparent) 1.074 1.101 1.041
Lxtraction analyses.
Briquets.
Pitches. Fuel.
Test
Test 166%. 177, Test 181%.
Labora,tory B J 4120 4543 4201 L2722 3 N I
Air-dryingloss ................ O R PO 13.30 410 |
Extracted bf CSq: :
Airdried .......ooooiiiiiiialt R P R [ ) N
Asreceived ............ PPN « [+ S 97.70 | - 99.66 .02 6.27 6.35° 6.05
Pitch in briguets, as received e 6.40 16.35 6.05
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ILLINOIS NO. 19.0

Bituminous coal from bed No. 7 at Zeigler, Franklin County, was
designated Illinois No. 19. The coal, as worked at a depth of 420
feet at this place, averages 6 feet 9 1nches in thickness.

Three samples were shipped under the supervision “of John W.
Groves, as follows: Illinois No. 19 C consisted of run-of-mine coal,
and was used in steaming tests 420. and 423 and producer-gas tests
128. Illinois No. 19 D consisted of lump coal over a 6-inch shaking
screen and was used in steaming tests 424 and 425. Illinois No.
19 E consisted of screenings through a 13-inch shaking screen and
was used in steaming tests 421 and 422. ’

One mine sample (No. 3408) was taken for chemical analysis
1,500 feet southwest of the shaft, where the coal measured 11 feet 2
inches in thickness.

CHEMICAL ANALYSES.
Tllinois No. 19. .

Steaming tests.e
Mine = -
sample. AC. D. E.
420. 423 424, 425, 421 422
Laboratory No................ C3408 |
Proximnate: . :
Moisture................... 9. 65 8.72 9. 42 8.45 8.51 9.22 | | 9.75
Volatile matter .. 30.87 |. 28.41 28.05 29. 65 30.27 29.28 28. 45
. Fixed carbon....... .. 53.23 50. 58 50.72 50.24 49.85 50.25 50. 67
Ash. ..ol . 6.25 12.29 11.81 11. 66 11.37 11.25 11.13
Sulphur.................... .45 .63 .61 .53 5L |- .59 .61
Ultimate: ’
Hydrogen 4.64 4.67 4.12 4.13 4.13 4.13
Carbon..... 71.08 71 44 70.23 70. 51 70. 47 71. 48
Nitrogen. 1. 56 1.57 1.59 1.60 1.60 1. 58
Oxygen.. 8.57 8.61 10.74 10.77 10.76 9.80
Ash...... 13. 46 13.04 12.74 12,43 12.39 12.33
Sulphur................... 69 .67 .58 56 65 68

e Proximate ahalysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.”

STEAMING TESTS.

: - .Illineis No. 19.
C. D. . E..
i Test 420. | Test 423. | Test 424.§ Test 425. | Test 421. | Test 422.
Size as shipped........................... r.o.m. {.r.o.m. | No. 6| No. 6|No. 2] No. 2
: lump. lump. nut. nut.
Size as used: -
Over 1 inch .per cent. . 20.2 15.8 23.9 37.9| © 18.0 ‘14. 4
% inch to 1inch ..do....| 24.2 19.5 24.5 27. 4 45.91 - 44.0
3 inch to % inck . 19.1 18.3 18.7 15.0 16. 6 17.8
Under 4inch.. 36.5 46, 4 32.9 19.7 19.5° 23.8
Average diam .. 0. 66 0.57 0.71 0.91 0.78 0.72
Duration of test .hours. . 10.03 [ - 10.03 10.0 10. 00 10.0 10.07
Heating value of coal, B. t. u. per pound -
APy €ORl. ..ot 12,431 { 12,496 | 12,416 | 12,460 | 12,454 12,578
Force of draft: .
Under stack damper . . ..inch water.. 0.65 0.59 0. 64 0.65 0. 66 0.69 .
Abovefire........ ...l do.... L12 .4 L12 .14 1 g

a For other tests of coal from this mine, made during 1905, see Bull. U. S Geol. Survey No. 290, 1006,
pp. 91-94.
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STEAMING TESTS—Continued.
Ilinois No. 19,
C.» D. E.
- Test 420.| Test 423. | Test 424. | Test 425. | Tcst 421. | Test 422.
Dry coal used per square foot of grate ) :
surface per hour............ pounds.... 19.95 16.94 18.67 19.33 19. 46 - 19.46
Equivalent water evaporated per square
oot of water-heating surface per hour, .
pounds. ..... e et 3.35 2.89 3.18 3.32 3.30 3.39
Percentage of rated horsepower of boiler
developed......o.o.oo.iiiiiallll 93.9 8L.0 89.1 93.0 92:5 95.0
Water apparently evaporated per pound . |
ofcoalasfired................ pounds. . 6. 61 6. 66 6.73 6.79 6.63 6.78
Water evaporated from and at 212° F.:

’ Per pound of coal as fired...pounds.. 7.67 7.73 7.81 7.87 7.70 7.88
Per pound of dry coal.......... do.... 8.40 8.53 8.53 8.61 8.48 8173
Per pound of combustible..... do.... 10. 00 10.12 10.00 10.09 9.93 10.20

Efficiency of _boiler, including grate, ‘
PELCONt . . ot 65. 26 65.92 66. 35 66.73 65.76 67.03
Coal as fired:
Per indicated horsepower hour,
POUNTS. o P 3.69 3.66 3.62 3.59 3.67 | 3.59
Per electrical horsepower hour,
POURAS. et 4. 55 4.52 4.47 4. 44 4.53 4.43
Dry coal: : .
. Per indicated horsepower hour,
pounds. ........ il 3.37 3.32 3.32 3.28 3.33 3.24
Per electrical horsepower hour, -
POUNAS. oot 4.16 4.09 :4:09 4.05 4.12 . 4.00

PRODUCER-GAS TEST.

Ilinois No. 19 C (run of mine).

Test 128.—Duration of test, 50 hours; average electrical horsepower; 141.0; average
B. t. u. per cubic foot of gas, 137.8; total coal fired, 14,400 pounds.

Ethylene (CoHy)ouooooaoaai... P

Coal as Dry Combus-
fired. coal. tible.
Coal consumed in producer per horsepower hour (pounds).

" Per electrical horsepower: :
Commercially available. ....... ... . ... o o . i 2.20 1.98 1.76
Developed at switchboard. ... ... . .. ... .. .. ...l 2.04 1.84 1.64

Per brake horsepower: . R
Commercially available 1.87 1.68 1.49
Developed at engine 1.74 1.57 1.39

Equivalent used by producer plant (pounds). N

Per electrical horsepower: .
Commercially available 2.40 2.16 1.92

Developed at switchboard...... .. ... ... ... i 2.23 2.01 1.78

Per brake horespower:

Commercially available. ... ... ... . . i 2.04 1.84 1.63
Developed at engine. .. ... ..t 1.90 1.7 1.52
Analyses.
Coal. : Gas by volume. .

MoiStUre.....ooveee i 9.82 | Carbon dioxide (COg)..........cccnuuunn..n 11.6

Volatile matter.......... . 29.64 | Carbon monoxide (CO)..: 16.8

Fixed carbon.......... . 50.34 | Hydrogen (HMg)..............coiooiiiiieios 16. 5,

Ash.......... .10.20 | Methane (CHy).......c.oooooiiiiiiiiiiiil, 1.9

TBUlPhUr. e .49 | Nitrogen (Na)...oouieiiiiniiiiiniinnan.. 52.2
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. - ILLINOIS NO. 20.

87

Bituminous coal from Staunton, Macoupin County, on the Litch-
field and Madison Railroad, was designated Illinois No. 20.

This sample consisted of screenings, and was shipped by the oper-
ator, primarily for washing tests. It was used in'steaming tests
(washed coal) 292, 301, and 302; washing test 142; coking tests 106
(raw) and 107 (washed); and mixed with Kentucky No. 2 B (coke
breeze, see p. 159) in briquetting tests 103 and 104. '

. CHEMICAL ANALYSES.
Illinois No. 20!

Car
sample.

Steaming tests.e

292,

‘301,

302.

L&boratory N e e 2731
AIT-ArYing 1088 e e e ieeee it eeeaaaans 12.40
Proximate: ’

MoOiStUTe. ..o 14.68 |

Volatile matter.
Fixed carbon....

Sulphur. ...
Ultimate:

Hydrogen

Carbon

Calorlﬁc value (as recewed) i
Determined..........c.oeoeieieiniiieiinnn.s f‘?lgn&s -

Caleulated from ultimate analysis............. %al%rilcl:s -l

e Proximate analysis of fuel as fired; ult}mate analysis of dry fuel figured from car sample.

STEAMING TESTS.

Illinois No. 20 (washed screenings).

Test 292. | Test 301. | T'est 302.
Size as used: :
Over 1 inch.. 17.1 22.5
4 inch to 1 in 27.7 28.1
%lnch to 4 inch 23.7 21.9
nder % inch 3L.5 27.5
Duration of test 9.95 9.02
Kind of grate............. Rocking.| Rocking.”
Heating valueofcoal.......... e eeeanns .....B.t.u. per pound drycoal..[ 11,425 12,506 12,548
Force of draft:
Under stack damper 0.53 0.57 0.53
Above fire................... .10 .30 .17
Furnace temperature........ ... ... ii.... 2,020 f.......... 2,708-
Dry coal used per square foot of grate surface per hour. . B pounds. . 15. 49 24. 61 25. 69
Equivalent water evaporated per square foot of water-heatmg surface
263 11T pounds. . 2.37 3.54 3.81
Percentage of rated horsepower of boiler developed..................... 66. 3 99.3 106. 7.
Water apparently evaporated per pound of coal as fired pounds 5.47 5.57 5.74
Water evaporated from and at 212° F.:
Per pound ofcoal asfired.... .. ..ottt 6.55 6.71 6.91
Per pound of dry coal....... .- 7.66 8.04 8.27
Per pound of combustible..... 9. 61 9.43 9. 57
Efficiency of boiler, including grate 64.75 62.08 63. 65
Coal as fired:
Per indicated horsepower hour............... s pounds.. 4.32 4.22 4.09
Per clectrical horsepower hour............ e do.... 5.33 5.20 5.06
Dry coal: )
Per indicated horsepower hour..... ... ... ... do.... 3.69 3.52 3.42
Per clectrical horsepowcr hour............ e do.... 4.56 4.34 4.22
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WASHING AND COKING TESTS.
Illmoxs No. 20 (screemnos)

Washing test 142.—Jig used, Stewart. Raw coal, 63,280 pounds: washed, 57,000
pounds; refuse, 6,280 pounds.

Coking tests.

_ Test 106 | Test 107
(raw). (w.)
Sizeasused... ...l e f.c. f.c.
Duration of test ...hours.. 47 | . 36
Coal charged.. pm(xinds 12’(2)22 10 OOg
....do 4,65
Coke PTOdUCCd --------------------------------------------------------- {per cent 4255 45.59
Breeze produced. . . ... {gg?gg;t 6653 3383
Total yield. ... ..o e do.... 453,83 50. 57
) .

Remarks.—Test 106: Dull-gray color; dense; cross fracture of coke bad; ash. and
sulphur very high. Test 107: Dull-gray color; alittle deposited carbon; ash and sul-
phur not materially reduced by washing; phys1cally better than coke from raw coal;
percentage of breeze shows large reduction.

Analyses.

‘Washing test 142. ' Coking test 106. Coking tes} 107.

({%‘;‘f “g%fﬁ?d Coal. Coke. | Coal. Coke.

14.68 16.80 17.04 0.57 14.36 0.53

3132 [:......... 32.59 .66 34. 61 .29

40.32 |.......... 40.77 82.49 42. 63 84.87

13.68 10. 26 9.60 | - 16.28 8.40 14.31
3.8 (. 32 -'3.23 3.01 3.23

2.73

‘BRIQUETTING TES'].;S. ]
Tlinois No. 20 mixed with Kentucky No. 2 B.

Tests 103, 104.—Size as shipped, breeze through 1-inch coke fork and coal screen- -
ings. Machine used, English. Temperature of briquets, 179.6° F. Kind of binder,
coal-tar pitch. Amount of binder, 6 per cent. The flowing point of the binder used
(laboratory No. 2729) was 255° I., and 61.2 per cent of the sample as received was
extracted by CS,. All other data concernmg this binder were lost in the fire. Weight
of fuel briquetted, 2,000 pounds.

Briquets made from coke breeze with 20 per cent, 333 per cent, and 47 per cent coal,
using 6 per cent pitch, were easily broken in handling; eoke breeze was washed, one-
half used wet and one-half put through drier. Briquets made with dried fuel handled
better when hot, but there was no difference in the two briquets when cold. Washed
breeze was too high in ash for satisfactory fuel.

These briquets were used in & preliminary test in switchinglocomotives. Briquets
with 20 per cent coal burned too slowly for switching service. Briquets with 33} per
cent coal were satisfactory for switching, but burned too slowly for freight or passenger
service. Briquets with 47 per cent coal were satisfactory for all services.
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ILLINOIS NO. 21.

- Bituminous coal from Troy, Madison County, on.the St. Louis,
Troy and Eastern Railroad, was designated Illinois No. 21. The
coal as worked at a depth of 275 feet at this place averages 5 feet in
thickness.

This sample which was taken under the inspection of John W.
Groves, consisted of lump coal over a 2}-inch screen. TFive 40-ton
cars were shipped to the testing plant, three of which were sent for
an endurance test on the producer and the other two for a complete .
series of tests, as follows: Steaming tests 315 and-316 (washed coal)
and 318 (on briquets), producer-gas test 105, washing test 160, coking
_tests 126 and 137 (washed coal), and briquetting test 113.

Two mine samples were taken for chemical analysis. Sample 2771
was cut 800 feet northwest of the bottom of the shaft, where the coal
measured 5 feet 8 inchés in thickness. Sample 2770 was cut 1,500
feet southeast of the bottom of the shaft, where the coal measured 4
feet 11 inches in thickness.

" CHEMICAL ANALYSES.
INinois No. 21.

Steaming tests.e

Mine samples. Car samples.
: 315. 316. 318.

Laboratory No................ 2770 2771 2852 P21V I AR PR P
Air-dryingloss................. 10. 50 13.30 | 10.40 820 {. .o e
. Proximate: | ) .
Moisture. ................. 15.23 17.79 15. 54 15.30 14.95 15.07 | 17.31
Volatile matter.. FUIN 31.42 28.78 31.26 30. 59 30.33 +30.78 30. 40
Fixed carbon.. .. 44.32 42.34 42.27 43.40 40. 96 41.90 42.28
sho........ . 9.03 L1109 10.93 10.71 13.76 12.25 10.01
Sulphur..... . . . 3 . 21 .
Ultimate:
Hydrogen... ..............
Carbon........1........... N

Calonﬁc Vuluc {as roceived):
Determined ..... {calorlcs

Caleulated 1 B.t.u...
: culated from
uitimate anal }%”_J(;“ﬁs‘ e

ysis..o......

a 1froxima.te analysis of fucl as fired; ultimate analysis of dry fuel figured from car sample.
STEAMING TESTS.

Illinois No. 21 (lump).

Test 315. | Test 316. | Test 318.

Size a8 used: -
“Overlinch.................... e e e e 34.0 33.6 .
4 inch to 1inch. e do.... 21.3 20.6 (a
4 inch to%mch ..,do.. 18.1] + 16.2
Underdinch. ... i s 26.6 29.6

.
a0n briguets which were broken in two. The fuel cracked to center into coke frugments and held
together until consumed. Percentage of clinker large.
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STEAMING TESTS—Continued.
Hlinois No. 21 (lump).

Test 315. | Test 316. | Test 318.

Duration of test. . .. ... i hours..| a4.88 10. 03

7.3
Heating value of fuel.......................B. t. u. per pound dry fuel..; 11,945 12,240 12, 469
Force of draft:
Under stack dainper..................... e eeeeereeaaan inch water.. 0.63 0.59- 0.76
Abovefire........... ....do.. .16 .15 .04
Furnace temperature. 2, 499 2, 401 2, 508
Dry fuel used per square f surface per hi 20. 05 20.05 25.30
Equivalent water evaporated per square foot of water-h .
o perhour..i... ...l PRTPU 3.2711 © 3.19 411
Percentage of rated horsepower of boiler developed...... 91.6 80.3]. 1153
Water apparently evaporated per pound of fuel as fired 5.76 5.67 5.6

Water evaporated from and at 212° F.:

Per pound of fuel asfired.... ... ...... ... ...l .. 6.94 6.76 6.73

Per pound of dry fuel..... .e. 8.16 7.96 8.

Per pound of combustible. .... .. e 9.95 9,53 9.
Efficiency of boiler, including grate........................... .- 65. 97 62.80 63
Fuel as fired:

Per indicated horsepower hour e - 4.07 4,18 4.

Per electrical horsepower hour................... e d 5.03 5.16 5.
Dry coal: L

Per indicated horsepower hour. ...... ... ... . ... do.... 3.46 3.55 3.47

4.28 4.39 4.29

Per electrical horsepowerhour ...................... .. eeaens do....

. aToo short for reliable results.

PRODUCER-GAS TEST.
Ilinois No. 21 (lump).

Test 105.—Duration of test, 562 houré; averzige electrical horsepower, 191.7; aver-
age B. t. u. per cubic foot of gas, 156.1; total coal fired, 208,350 pounds.

) Coal as Combus;
Cfired. | PTY cosk) Tipe,
Coal consumed in producer per horsepowér hour (pounds).

Per electrical horsepower: .

Commercially available. ... . ... .o il 2.04 1.74 1.50
Developed at switchboard.. : ; 1.93 1.65 1.43

Per brake horsepower: - . . .

Commercially available. .. ... ..oooiiiiieiiiiiiiii i, 1.73 1.47 1.28
Developed at engine.............oooooviiiiiiiiiiiiiiii 1.64 1.40 1.22
Equivalent used by producer plant (pounds).

Per electrical horsepower: .
Commercially available. ..........ooooiiiiiiiiiii i 2.18 1.86 1.61
Developed at switchboard...........coovoiiiin it feeeeean 2.07 1.77 1.53

Per brake horsepower:

Commercially available. ... ... ..o i 1.85 1.58 1.37
Developed atengine..............ooooiiiiiiiiii. P .- 1.76 - 1.50 1.30
Analyses.
Coal. ; Gas by volume.

Moisture. ... .. " ;. 14.68 | Carbon dioxide (COy).... 9.2

Volatile matte: 30.98 | Carbon monoxide (CO 20.9

Fixed carbon... .. . 42.93 | Hydrogen (). 15.6

ASh. . e .. 11.41 | Methane (CHy). . LY

Sulphur. .. eas 1.33 | Nitrogen (Nj)..... . 52.0

- Ethylene (CoHg) .o oooooa... e .4

a See p. 26.
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WASHING AND COKING TESTS.
Illinois No. 21 (lump). . .

Washing test 160.—Size as used, crushed to 2inches. Jig used, Stewart. Raw coal,
17,000 pounds; washed, 14,640 pounds; refuse, 2,360 pounds. )

Coking tests.

Test 126 | Test 157
(raw). [(washed).

"Size as used f.c. fc.
Duration of test 44 45
Coal charged.... 12,000 11,690
Coke Produced. . ... ..o i et None. None.

Remarks.—Test 137: Product a mixture of unburned coal and slightly coherent
mass of coal of original size, showing no trace of cell structure. Al volatile expelled.

Analyses.
Washing test 160. |

] o | coting

€8 est 13

Raw | Washed | eont). | (coal).
Moisture 13.37 17. 45
‘Volatile matter. 3117 30.01
Fixed carbon.. 43.15 . 44.74
Ash............ 12.31 7.80
FST0145 410 1.46 1.10

BRIQUETTING TEST.

Illinois No. 21 (lump).

Test 118.—Machine used, English; temperature of briquets, 179.6° F.; kind of
binder, coal-tar pitch; laboratory No. 2933 (see p. 40); amount of binder, 5 and 6
_per cent; weight of fuel briquetted,.14,000 pounds. B. t. u. per pound of coal as
received, 12,440; per pound of briquets as fired, 12,469; per pound of binder, 15,937.
Briquets made with 5 per cent binder were hard and firm, and stood rough hand-

" ling. Weathering test: Days’ exposure 75; condition of bnquets made with 5 per
cent bmder B.

1LLINOIS NO. 22,

Bituminous coal from Maryville, Madison County, on the St.
Louis, Troy and Eastern Railroad, was designated Illinois No. 22.
The (,oal as worked at a depth of 260 feet at’ thls place, averages 7
feet 6 1nches in thickness.

Two lots of coal were shipped from this locality under the super-
vision of John W. Groves. The first lot, Illinois No. 22 A, consisted
of lump eoal over a 4-inch perforated shakel screen. It was used
n maklng steaming tests 324 (raw), 325 (raw), and 328 (washed);
producer-gas test 102; and washing test 151. The second lot,
Illinois No. 22 B, consisted of nut, pea, and slack coal which was
screened through a 2-inch perforated screen. It was used in mak-
ing washing test 150; coking tests 117 (raw) and 118 (washed);
and cupola test 125.
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Two mine samples were taken for chemical analysis. Sample
2772 was cut 300 feet south of the bottom of the shaft, where the
coal measured 8 feet 2 inches in thickness. Sample 2773 was taken
2,500 feet north of the bottom of the shaft, where the coal measured
7 feet 11 inches in thickness..

CHEMICAL ANALYSES.

Illinois No. 22.

Car samples. Steaming tests.a

Mine samples. -
Al B. 324. 325. 328.
Laboratory No................ 2772 2773 2905 2896 [..oennei e
Air-dryingloss................ 9.20 " 9.9 5.90 12000 e e
Proximate: .
Moisture. ..........o.o.oo.t 13.51 13.83 11.91 13.03 11.50 10. 53 . 14.35
Volatile matter. .. .. . 34.64 34.16 35.65  32.65 33.44 35.63 36. 86
Fixed carbon....... 41.70 42.24 1 39.43 39.79 39.27 40.04 40.57
Ash.. ... . 10.15 9.77 13.01 14.53 15.79. 13.80 8.22 -
Sulphur....... et 4.01 4.10 5.34 4.35 6.24 6.07 3.75
Ultimate:
4.18 4.33 4.79
61.77 63.97 70.73
1.07 1.12 1.23
8.09 8.37 9.27
17.84 15.43 9. 60
7.05 6.78 4.38

Calorific value (as received):

Determined.. ... {cBalrengs -

Calculated from { calories. .

5,897 5,662
10,615 | 10,192

5,771 5,607
10 388 10,093

ultimate anal-

. e Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
STEAMING TESTS.
Tllinois No. 22 A (lump).

Test 324 | Test 325 | Test 328
(raw). (raw). |(washed)
Size as used:
Overlinch............o.oo . .. 84.6 87.4 . 341
4 inch to 1 inch.. do.... 5.8 5.4 27.0
4inch to § inch.. 3.5 6.2 22.0
Under $inch. ... ..o....... .. 6.1 4.6 16.9,
Average diameter. .. . B . 4 4 ...
Duration of test.......... .. 9.93 10 9.9
Heating value of coal 11, 484 11,876 12,924
Force of draft: ;
Under stack damper 0.59 0.54 0.78
Abovefire................. do.... .20 .18 .14
Furnace temperature .. 2,850 2,828 2,829
Dry coal used per square foot of grate surface per hour...._.. pounds.- 23.08 22.61 26.73
Equivalent water evaporated per squarc foot of water-heating surface :

Perhour. .. ... iiiiiiiiiieaiieaas ds. . 3.60 3.60 4.34
Percentage of rated horsepower of boiler developed............ el -100.9 101.0 121.8
Water apparently evaporated per L)ound of coal as ﬁrcd 5.78 5.92 5.78
Water evaporated from and at 212°F X

Per pound of coalasfired..................... .. ... ..., .. 6.91 14 6.97

Perpound of drycoal.................o il ..do.... 7.81 .97 . 814

Per pound of combustible..................o..oo...... .do.... 9.70 9.61 9.16
Efficiency of boiler, including grate........................... 65. 67 64.81 60. 82
Coal as fired: )

Per indicated horsepower hour ............... e - 4.09 3.96 4.06

Per electrical horsepower hour....... R do.... 5.05 4.89 5.01
Dry coal: -

Per indicated horsepower hour.. ... ... .. ... .. ........... do.... 3.62 3.55 3.47

Per electrical horsepower hour. ... ... ... ... .........o.. do.... 4.47 4.38 4.29




TESTS—ILLINOIS, o 93

PRODUCER-GAS TEST.
Illinois No. 22 A (lump).

Test 102.—Duration of test, 47 hours; average electrical horsepower, 196.5; average
B. t. u. per cubic foot of gas, 159.6; total coal fired, 16,300 pounds.

- ’ Coal as Com-
: fired. Drycoal. bustible.
Coal consumed in proddéer per horsepower hour (pounds).
Per electrical horsepower: : .
Commercially available. ... .. ... ..o el 1.88 1.67 1.42
Developed at switchboard. ... ... .. .. . i 1.7 1.57 1.33
Per hrake horsepower: .
Commercially available. ... ... ... . ... .. .. A, 1.60 1.42 1.21
Developed at engine. ... ... ... i 1.50 |- 1.33 1.13
Equivalent used by producer plant.
Per clectrical horsepower: * B
Commercially available........ 2.00 1.77 1.51
Developed at switchboard 1.88 1.66 1.42
Per brake horsepower
- Commercially available........ ... 1.70- 1.51 1.28
Developed af engins........coo. coiiii i 1.59 1.41 1.20
Analyses.
Coal. . ! Gas by volume.
Moisture. ...................... e .29 | Carbon dioxide (COg) ................oiLL 9.4
Volatile matter. . Carbon monoxide (CO)..................... 20.2
Fixed carbon... Hydrogen (Elo) .. ... oo, 13.7
Asho ..o ... Methane (CHy) .. 2.0
Sulphur.......cooooieaii e . Nitrogen (Na)......ooooeeiiiiiiiiiiinainn. 54.0
. . : Ethylene (Ce y) q

W;\SHING AND COKING TESTS.
, Illinois No. 22.

Washing tests.

Test 151 | Test 150 | Test 151 | Test 150
(A). (B). L (A). (B).
Size as shi;()})ed .............. L - sc. || Rawecoal........... pounds..| 19,400 40,000
* Size as used..... .| er.to2"” sc. || Washed coal. _..do... 17,000 - 32,000
Jigused.........ocool Stewart. | Stewart. || Refuse................ do.... 2,400 8,000

Coking tests (B).-.

Test 117 | Test 118
(raw). | (washed).

Size a8 Shipped. .o et sc. sc.
SIZ8 A8 WSO . - - ettt e e fc f.c.
Duration of test.. ....hours.. 45 76
Coal charged. ... ... i i PO pot(linds. . lg,&pg : ‘lg, g?g
i ....do.... 5
Coke produced............ O per cent. . 50.46 46.80
Breeze Produeed. . .. ... oo n e 132?"335&2: 5‘?33 4.5.7,3
Total yield........ e do.. 55.80 51.58

Remarks.—Test 117: Dull-gray color; breakage very irregular, due to high percentage
of slate; ash and sulphur high; poor coke. Test 118: Light-gray color, with heavy
black butt due to necessity of closing draft after 24 hours. Charge held in oven 148
hours. Ash reduced by washing. Will probably make fair coke under proper
conditions. :
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Analyses.
Washing test 151 | Washing test 150 | Coking test 117 { Coking test 118
(X). (B). (B). ®).
‘Raw | Washed | Raw | Washed
coal. coal. coal. coal. Coal. | Coke. | Coal. | Coke.
Moisture..........c.oooiiill 11.91 14.02 | 13.03 16.78 | 11.98 0.98 | 16.19 0. 65
Volatile matter. . o] 3565 |.......... 0 32.65 . ... 33.87 .72 3414 1. 60
Fixed carbon..... . S 3943 )L 39.79 ... 37.72 | 72.18| 39.53 80.76
Ash......... .| 13.01 8.58 [ 14.53 9.99 |-16.43 | 26.12 | 10.14 16. 99
Sulphur..... e 5.34 3.69 4.35 3.79 474 461 3.79 3.65
Cupola test of coke made from Illinois No. 22 B coal (washed).
CHARGE. '
Coke.a . Divisions of charge.
Cupola, {— F%gld' -
test | gy | Specific] Ratio | H g Materials. . Total.
No. | yov | grav- |ironto| $/1P 1. 2. 3. 4. 5.
. ity. | coke. :
Per ct. Lbs. | Lbs. | Lbs. | .Lbs. | Lbs. | Lbs.
Coke...:.... 210 55 55 55 55 430
125 118 1.84 | 1to7 | 98.61 {Pigiron.... 630 405 405 405 405 | 2,250
Serap....... 210 135 135 135 135 750
" a Sulphur in ash, 0.05 per cent.
RECORD OF MELT.
Blast pressure. Weight of iron. Melting. Recovered.
Cupola T Ratio
test Maxi-| nin Addi- . Rate iron
No. Onat— | o0 in—g Poured.| tional | Total.| Time.| per o Loss. | Tron.| Coke.
R melted. hour. ¢
oke.
Oz | Min. | Lbs. | Lbs. | Lbs. | Min. | Lbs. Per ct.| Lbs. | Lbs.
125 | 3.04p.m. ... 7 8| 1,101 325 | 1,516 342,675 | 3.92] 6.80 [1,280 43
LADLE RECORD.
. ; Test 125. Test 125.
Ladle No. s Ladle No. :
> Time Time
i Pounds. (P' m). Pounds. (p-m.).
80 3.20 79 3.33
74 3.20% 60 3.38
96 3.23 68 3.38%
81 3.24 105 3.39
94 | 3.26 29 3.394
62 3. 263, 92 3.4
62 3.31 24 3. 45
74 3.32 33 3.46
78 3.32% |

Remarks.—Test 125: Iron hot.

ILLINOIS NO. 23,

Bltumlnous coal from Donkville, Madison County, on the St.
Louis, Troy and Eastern Railroad, was designated Illinois No. 23.
The coal, as worked at a depth of 145 feet at this place, averages 6
feet in thlckness

This sample consisted of two lots of coal and was shipped under the
supervision of John W. Groves. Illinois No. 23 A consisted of
“‘superior lump”’ over a 5-inch perforated screen, and was used in
steaming tests 306 (raw) and 317 (washed); producer-gas test 98;
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washing test 146; and coking test 111. Illinois No. 23 B consisted
of slack coal through a 2-inch perforated screen, and was used in
steaming tests (on briquets) 321 and 322; producer-gas test 100;
washing test 147; coking tests 112 and 114, both on washed coal;
and briquetting test 116. .

Two mine samples were taken for chemical analysis. Sample 2774
was cut 3,300 feet northeast of the shaft, where the coal measured 6
feet 1 inch in thickness. Sample 2775 was cut 4,000 feet northwest
‘of the shaft, where the coal measured 6 feet 2 inches in thickness.

CHEMICAL ANALYSES.
’ Illinois No. 23.

Car samples. ! Steaming tests.e
Mine samples. i :
S A B. | ss gy | 32Land
[ | 322.

. — | ——
Laboratory No................ 2774 2775 1‘ 2819 2803 | SRR IR
Air-drying loss...... U 8.90 | 9.70 11.50 1320 1o
Proximate: }

MOiSture. .....cooveoee..l .. 13.07 12.79 13.47 15.68 14.49 14.64 13.54

Volatile matter............ 34.85 35.67 34.35 31.28 32.37 35.72 36.33

40.65 37.45 39.69 40.76 41.67

11.53 15.59 13.45 8.88 8.41

4.41 3.98 4.62 3.23 3.21

5.63 5.42 4.62 5.03 4.86.

57.61 52.89 64.36 70.04 69.30

Nitrogen......oooooiiiini]iinmniiii]ieainnns 91 .90 1.02 1.10 1.14

OXygen...oovveneveieneonn il 19.91 21.22 l 8.87 9.65 C11.26

Ash e 15.73 10.40 9.73

ulphur.... .. FE A I NSS! RN I 5.40 3.78 3.71

Calorific value-(as recei\ied): 6,083 i ) 5,830 5,364 .

: calorfes..| 6,083 |.......... X © 5,864 [

getem’"’e“}-"- B.t.u...| 10,949 : ....... 10,510 | © 9,655 ...l AN OSRN
alculated from . .

- calories..|..........l.o. ... 5,836 5,317 | e e

dtimato “'““'Y'}B. N ; .......... 10,505 | 9,571 ..l IS IO

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
STEAMING TESTS.
Illinois No. 23.

A (lump). B (slack).
Test 306. | "o, 7 | Test 321, | Test 322.
Size 08 used:
Overlinch...... ..per Sent.. 33% éfif_;
inch to 1 incl . .. 19. i X
i inch to 4 inch. ; 16.2 243 |(Seep-96 | Seep. 9.
Under } inch... 27.0 ~ 30.1
Durationof test........ ... ... il hours.. 9.4 8.12 4.4 3.65
Heating value of fuel.......... B. t. u. per pound of dry fuel..| 11,759 12,794 12,996 12,996 -
Forge of draft: L
Under stack damper. ... ..cooveieenanaan... inch water.. 0.46 0.55 0.75 0.65
Above fire......... o.... .13 .13 .27 .16
Furnace temperatire. ... ..o .ieeee i ciaiaiiaiaanaans S 2,402 2,397 oo
Dry fuel used per square foot of grate surface per hour.pounds. 18.50 19.63 23.75 . 24.54
Equivalent water evaporated per square foot of water-heat-
ing surface perhour. .. ... . ... iiiiiaieaaa pounds.. 3.01 3.23 3.78 3.80
Percentage of rated horsepower of boiler develolped ........... 84.3 90.4 106.0 106.6
Water apparently evaporated per pound of fuel as fired,
OUNAS. .. ittt 5.80 5.89 5.72 5.62
Water evaporated from and at 212° F.: .
Per pound of fuel as fired. ....................... pounds.. 6.97 7.02 6.89 6.71
Per pound of dry fuel............... do.... 8.15 8.23 7.97 7.76
Per pound of combustible.......... .. 9.87 9.31 8.92 8.68
Efliciency of boiler, including grate 66.93 62.12 59.22 57.66
Fuel as fired:
Per indicated horsepower hour.................. pounds. . -4.00 4.03 4.10 4.21
Per electrical horsepower hour.... ... ... ......... do.... 5.01 -4.97 5.07 5.20
Drycoal: -~ ’
Per indicated horsepower hour..................... do.... 3.47 3.44 3.56 3.04
Per electrical horsepower hour..................... do.... 4.29 4.24 4.38 4.50
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Remarks.—Tests 321 and 322 on briquets which were broken in two. They burned
freely and quickly, giving a long flaine and small percentage of smoke, coking and
holding together well. No ash and very small amount of clinker. . ’

PRODUCER-GAS TESTS.

. - Illinois No. 23.
Test 98 (A). "{Bes';vlg‘?
Size as shipped..... ....................................................... 5-inch lump. s.
Size as used: . : e
OVer LinCh. .. ..o e per cent. . 81 34
4 inch to 1 inch. i e ....do.... 3 24
inch to 4 inch. .. ..do.. 4 20
nder % inch... .. ..do....| . 12 22
Durationoftest................ ..hours.. 50 50
Average electrical horsepower. ... ... ... i 198. 3 181.5
Average B. t. u. percubic foot of gas. ... ..... ... 147.9 145.0
Total coal fired. ... .....coiiieiiiiiiiiiiiiiaan.. e pounds.. 18,000 17,250
Test 98. Test 100.
Coal as Combus-| Coal as |4 .. Combus-
fired. |PTYCoaly Yiiple. | fired. |Pr¥eoal| iple,
Coal consumed in producer per horse-
power hour (pounds).
Per electrical horsepower:
Commercially available.............. 1.91 1.69 1.46 2.00 1.70 1.52
Developed at switech board .......... 1.82 1.60 1.38 1.90 1. 62 1.45
Per brake horsepower:
Commercially available...._......... 1.63 1.43 1.24 1.70 1.45 1.29
Developed at engine.................. 1.54 1. 36 1.18 1.62 1.38 1.23
Equivalent used by producer plant
(pounds). S
Per electrical horsepower: o . :
Commercially available.............. 5 2.02 1.78 1. 54 2.17 1.85 1.66
Developed at switch board .-.......... 1.91 1.69 1.46 2.07 1.76 1.57
Per brake horsepower: .
Comunercially available.............. 1.71 1.51 1.31 1.85 1.57 - 1.41
Developed at engine.................. 1.63 1.43 1.24 k 1.76 1.50 1.34
Analyses.
Test 98. | Test 100. Test 98. | Test 100.
Coal. ; Gas by volume.
MoOiStUTe. ..o oooeeeeenaenness 11.87 | 14.77 || Carbon dioxide (COy)........ 8.4 10.9
Volatile matter. . ............. 36. 37 35.23 || Carbon monoxide (CO) 20.9 17.2
Fixed carbon................. 39. 87 40.98 || Hydrogen (Hg)........ 12.9 "13.8
Ash......o.l 11.89 9.02 || Methane (CHy).... 1.6 2.1
Sulphur.... ... 4.65 3.46 || Nitrogen (Ng)..... 55.7 55.3
: Ethylene (CoHy)......... S .5 .7
WASHING AND COKING TESTS.
Illinois No. 23.
Washing tests.
Test 146 | Test 147 Test 146 | Test 147
(A). (B). (A). (B).
Size as shipped............... 5 - inch s. || Jigused... ...l
’ lump. Raw coal. ...
Sizeasused...........o....... Crushed 8. || Washed coal
to 2-inch. Refuse................
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Coking tests (on washed coal).

A. B.

Test 111, | Test 112. | Test 114.

Size as shipped. .. ... oo i 1. 8. s,
Size a8 USCA . .. ..o i eiaiaeaaaan f.c. f.c. f.c.
Duration of test. ... hours.. 39 43 72
Coaleharged. . ..o.ooiiimii i pon:lnds.’ . 1(;, gOO 10, 00(7) lg, ggg
...do.... 11 4,40 y
Coke prodAuccd ............................................... per cent. . S 443% 46602
pounds. ... 347 01
Breeze produced.......o.uuiiina per cent. . 3.47 3.89 4,29
Total yield. .. .oooo i e do.... 45.58 47.96 50.31

Remarks.—Tests 111 and 112: Good heavy coke; light gray and silvery; ash and sul-
phur high. Test 114: Light gray and silvery, not as good as coke from smaller charge
(test 112); ash and sulphur high. '

Analyses.

Washing test W&shin% test | Coking test | Coking test | Coking test
146 (A). 147 (B). 111 (A). 112 (B). 114 (B).

Raw | Washed | Raw | Washed
coal. | -coal. conl. coal. Coal. | Coke. | Coal. | Coke. [ Coal. | Coke.

Moisture....... 13.47 13.81 | 15.68 16.83 | 13.74 0.66 | 15.85 0.96 | 15.93 1.36

Volatilematter.| 34.35 [.......... 31.28 [....uunil 36. 47 0.74 | 35.02 1.14 | 35.88 1.19
Fixed carbon...| 40.65 [.......... 37.45 |...oo..... 41.01 | 83.45| 40.57 | 82.66| 40.16| 82.83
Ash.. .. ... 11.53 8.78 | 15.59 8.75 8.78 | 15.15 8.56 [ 15.24 8.03 14.62
Sulphur........ 4.41 3.54 3.98 3.22 3.57 3.09 3.27 2.87 3.25 2.34

BRIQUETTING TEST.

Illinois No. 23 B (slack).

Test 116.—Size as shipped, through 23-inch round shaker screen. Machine used,
English. Temperature of briquets, 179.6° F. Kind of binder, coal-tar pitch; lab-
oratory No. 2933 (see p. 40). Amount of binder, 5, 6, and 6.5 per cent. Weight of
coal briquetted, 12,000 pounds. B. t. u. per pound of coal as received, 11,450; per
pound of briquets as fired, 12,996; per pound of binder, 15,937. For analyses of
briquets see page 95 (steaming tests 321 and 322).

Briquets made with 5 and 6 per cent binder broke up in handling. Those made
with 6.5 per cent were satisiactory. In the weathering test'all binders were exposed
seventy days; condition of the 5 per cent D, of the 6 per cent C, of the 6.5 per cent B.

ILLINOIS NO. 24.

Bituminous coal from New Baden, Clinton County, on the Southern
Railway, was designated Illinois No. 24. The coal, as worked at a
depth of 320 feet at this place, averages 7 feet 6 inches in thickness.

Two lots of coal were shipped under the supervision of W. J. Von
Borries, as follows: Illinois No. 24 A consisted of sereenings which
had passed through a 23-inch shaking screen, and was used in washing
test 169 and coking tests 119 and 155.  Illinois No. 24 B consisted of
lump coal over a 53-inch bar screen, and was used in steaming tests
335, 336, and 337; producer-gas test 103; washing test 166; and
coking test 145. '

19698, Bull. No. 332—08——7
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Two mine samples were taken for chemical analysis. Sample 2854
was cut 400 feet northwest of the shaft, where the coal measured 7
feet 8 inches in thickness. Sample 2855 was cut 600 feet northeast
of the shaft, where the coal measured 8 feet in thickness.

CHEMICAL ANALYSES.
Illinois No. 24.

Steaming tests.b
. Car B
Mine samples. -
sample.¢ | 455 33, | - 337

Laboratory No...... ... .. ..o .. 2854 2855 2972 Lo
Air-drying loss.. . 10.10 9.60 T.40 |
Proximate:

Moisture..... 13. 43 12.73 11. 44 12.14 12.60 13. 52

Volatile matt 33.02 33.35 33.93 33.71 34. 40 32.84

Fixed carbon. 44.37 44.32 43.92 42. 48 43.13 43.17

Ash.......... 9.18 -9.60 10.71 11. 67 9.87 10. 47

Sulphur. ... . 3.35 3.60 4.94 4.53 - 3.83 3.97
Ultimate:

Hydrogen..........c.coiiiiiiiiiiian. 5.39 4. 61 4.77 4.71

Carbon..... . 60. 06 67.18 69. 47 68. 61

Nitrogen. 1.02 1.14 1.18 1.17

Oxygen 17.88 8.63 8.91 8.81

Sh 13.28 | 11.29 12.11

Sulphur....... I DU I S, 5.16 4.38 4.59
Calorific value (as received) :

Determined %“1‘%“35' |

Calculated from ultimate fcalories..

analysis................. .t.u...

a Sample from producer-gas test 103 treated as car sample. :
b Proximate analysis of fucl as fired; ultimate analysis of fuel figured from car sample.

STEAMING TESTS.
Illinois No. 24 B (lump).

Test 335. | Test 336. | Test 337.

Size as used:

Over 2 inches ’ 92.0

Overlinch................... ... do.... . 2.1 ...

dinchtolinch... .. ... .. .. .. do.... 19.9 25.2 3.2

Iinchtodinch.. ... .. . .. . . do.... 12.4 19.6 1.6

Underdinch. ... . . il do.... 18.0 33.1 3.2
Duration of test. .. .. ... i hours. . 9.62| - 6.05 a3.88
Heating valueof coal................0. ... B. t.u. per pound dry coal..| 12,245 | 12,623 12,474
Foree of draft: .

Under stack damper. ... ... .. ... i 0.55 0.63 0.61

Above fire............ do.. 220 0 .26 .20
Furnace temperature F 2,708 | e
Dry coal used per square foot of grate surface per hour 20.49 21.48 ¥3.63
Equivalent water evaporated per square foot of water-heating surface

PO NOUTL . - . ettt et e et pounds.. 3.30 3.29 3.82

Percentage of rated horsepower of boiler developed..................... 92.6 92.3 107.0
Water apparently evaporated per pound of coal as fired pounds. . 5.90 5.59 5.84
Water evaporated from and at 212° F.:

Per pound of coal asfired...... ... ... .. . .. ... do.... 7.09 6.71 7.00

Per pound of dry coal........ ...l do.... 8.07 7.67 8.10

Per pound of combustible....._... ... ..o i do.... 9.50 8.97 9.43
Efficiency of boiler, including grate........................... per cent.. 63.64 58,68 62.71
Coal as fired:

Per indicated horsepower hour...... .. ... ... ... ... ... pounds. . 3.99 4.21 4.04

Per electrical horsepower hour...................cooioa. L--do_. .. 4.93 5.20 4.99

. Dry coal: .
Per indicated horsepower hour.............c.ocoiiiieie..2iCOLLL 3.50 3.69 3.49
Per electrical horsepower hour. ... ... ... ... ... ...l do.... 4.33 4.55 4.31

‘aToo short for reliable results.

4
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- PRODUCER-GAS TEST.
Tllinois No. 24 B (lump).

Test 108.—Size as used: Over 1inch, 63 per cent; 4 inch to 1 inch, 16 per cent;
4 inch to  inch, 10 per cent; under ¢ inch, 11 per cent. Duration of test, 50 hours;
average electrical horsepower, 200.4; average B. t. u. per cubic foot of gas, 160.5;
total coal fired, 14,650 pounds.

Coal as Dry Com-
fired. coal. | hustible.

Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower:

Commercially available..... .. .. ..o i 1.54 1.36 1.19 .

Devclo]ped at switch board........ ... ... ... .. 1.46 1.29 1.14
Per brake horsepower: )

Commercially available.................. et 1.31 1.16 1.02

Developed at engine. ... ... ..o 1.24 1.10 0.97

Equivalent used by producer plant (pounds).

Per electrical horsepower: .
Commercially available............. S 1.63 1.45 1.27
Developed at switch board.. . .

Per brake horsepower:

Commercially available. . 1.39 1.23 1.08
Developed ut ENZING ...t 1.32 1.17 1.03
Analysis of gas, by volume.o
Carbon dioxide (CO8).......ccveeeeiaina.. Nitrogen (Ng)ueeeeereennnnns s 52.5
Carbon monoxide (CO).................... 22.6 Oxygen (Og)....cooenvnnn.. 1
Hydrogen (I g; .................. 13.8 Dthylene (CgHy) .5
Methune( Hg) oo 2.1
WASHING .AND COKING TESTS.
Illinois No. 24.
Washing tests.
Test Test. . Test. Test
169 (A). | 166 (B). 169 (A). | 166 (B).
Size as shippod ............... sC. . || Rawcoal........... pounds..[ 20,000 (* 18,745
Size asused.. .. sc. |er.to2”. || Washed coal..........do....| 15,000 16, 660
Jigused.. ... ‘| stewart.| Stewart. || Refuse. ............... do.... 5,000 2,085
Coking tests. ‘
Al ) B.
Test Test Test
119 155 145
(raw) (w.). (w.)
Size a8 Shipped. . ..o e sc. sc. 1.
Size 88 USCU .- .ot et sc. f.c. f.c.
Duration of test................ ....hours.. v 24 78 55
Coal charged pounds.. %\?,OOO %\11,410 li,??g
....do.... one. one. s
Cokeproduced. ............coiinna... e {pe v cc]nt. B e ?9'32(1)
o pounds.. .|. . y
Breeze produced. ... ...t {per cent 1041
Total yield. . oo e do.. 51.22

Remarks.—Test 119: Ashed over whole oven about 4 inches down. l Test 155: All
volatile driven off. High heat of by-product ovens might coke. Test 145: Poor, soft,
dense coke; sulphur high. .

a For analysis of the fuel used see p. 98 (car sample 2072).

s
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Analyses.
Washing test 169 |w ashing Coking test 145
(A). test 166 | Coking | Coking (B).

(B, test 119 | test 155 |————mmm
Raw washed | washed [ (A coal). | (A coal). Coal. Coke.

coal.e coal. coal).
|
Moisture 11. 44 15.10 13.28 15.18 8.93 5.62
Volatile matter 33.93 |.. 29.93 32.13 35221 - 1.64
aned carbon. 43.92 39.03 43.46 46.29 -79.01
.......... .. 10.71 17.76 9.23 9. 56 13.73
Sulphur ........................ 4.94 4.05 3.07 S 38.41 2.97

a Sample from producer-gas test 103 (on B coal).

ILLINOIS NO. 25.

Bituminous coal from a mine located -one-half mile east of German-
town, Clinton County, on the Southern Railway, was designated
Illinois No. 25. The coal, as worked at a depth of 345 feet at this
place, averages 4 feet 8 inches in thickness.

This sample was shipped under the supervision of John W. Groves.
Two lots of coal, consisting of run of mine (designated A) and lump
(designated B), the latter over a 13-inch screen, were shipped in the
same car, and separated from each other by a partition. 'The follow-
ing tests were made:-On A and B mixed, steaming tests 338 and 339;
on A, washing test 162 and coking tests 120 (raw) and ]40 (washed),
and on B, producer-gas test 104.

Two mine samples were taken for chemical analysis. Sample 2856
was cut 2,100 feet north of the shaft, where the coal measured 4 feet
10 inches in thickness. Sample 2857 was taken 2,200 feet northwest

. of the shaft, where the coal measured 4 feet 6 inches in thickness.

CHEMICAL ANALYSES.
Tllinois No. 25.

Car Steaming tests.b
Mine samples. sample | ————————

(B).e 338. 339.
LabOTAtory NO- - «eeneemeneeineeieieeennaaeaanans 2856 2857 | T 2001 |...oofeiiiill
Air-drying 1oss. ...l 6.70 7.60 5.90 |ouieeieaef e
Proximate:
Moisture 11.64 12.15 11.35 12.28 11.53

Volatile matter. T sa 35. 60 34,62 35,52 34.93
Fixed carbon . .

Sulphur..
Ultimate:

Calorific value (as received):
Determined...........ooiiiiiil B.t.u...

Calculated from ultimate analysis... .{(1338:1(;.113?: |

a Sample from producer-gas-test 104 treated as car sample.
b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample
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STEAMING TESTS.
Ilinois No. 25 (run of mine and lump mixed).
Test 338. | Test 339.

Size as used:
Over3dinches. ... . . i
33 inches to 2% inches. c..d
BINChes. ..o
linchestolineh........ ... .. .ol
4 inch to 1 inch.
4 inch to % inch.
. Under ¢ inch.
Duration of test.....
Heating value of coal......
Force of draft:
Under stack damper. ... ..o . iiiinii i
Abovefire. ... i
Dry coal used per square foot of grate surface per hour
Equivalent water evaporated per square foot of water-heating surface per

hour ... ... il e pounds. . 3.10 3.54
Percentage of rated horsepower of boiler developed. . ... 87.0 99.1
Water apparently evaporated per pound of coal as fired 5.35 5.55
Water evaporated from and at 212° F.:

Per pound of coal a8 fired. . ... oooiiiiiii i e 6.38 6. 63
Perpound of drycoal........ . ... . 7.28 7.50
Per pound of combustible....... 8.68 9.19
Eficiency of boiler, including grate 50. 16 60. 25
Coal as fired:
Per indicated horsepowerhour. ... ... ...l 4.43 4.26
Per electrical horsepower hour 5.47 5.27
Dry coal:
Per indicated horsepower hour 3.88 3.77
Per electrical horsepower hour 4, 8‘0 4.66
PRODUCER-GAS TEST.
Illinois No. 25 B (lump).
Test 104.—Duration of test, 50 hours; average electrical horsepower, 200.6; average
B. t. u. per cubic foot of gas, 168.0; total coal fired, 16,000 pounds.
Coal as A Combus-
fired. |DTyeosl “giple,
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower:
Commereially available. ... ... i 1.08 1. 49 1.27
Developed at switch board................ ...l 1.60 1.4 1.20
Per brake horsepower: .
Commercially available........... s 1.43 1.27 1.08
Developed At eNGINE. ..o ir e 1.36 1.20 1.02
Iquivalent used by producer plant (pounds). .
Per electrical horsepower:
Commercially available........... e 1.78 1.58 1.34
Developed at switch board........ D, 1.68 1.49 1.27
Per brake horsepower:
Commercially available 1.51 1.34 1.14
Developed at ENGINC. . .oieiiiiii i 1.43 127 1.08
Carbon dioxide (CO5) . ... ettt e 8.3
Carbon monoxide (CO) ...l e, 22.5
Hydrogen (o). ..ot ittt 13.6
Mathane (CHy)... 2.2
Nitrogen (Ng).... - 2. 9
Ethylene (Colla) ... 5

. aFor analysis of the fuel used, see p. 100 (car sample 2991).

ey
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WASHING AND COKING TESTS.
Illinois No. 25 A (run of mine).

Washing test 162.—Size as used, crushed to 2 inches. Jig used, Stewart. Raw coal,
14,550 pounds; washed, 12,000 pounds; refuse, 2,550 pounds.

Coking tests.

Test 120 | Test 140

(raw). (w.).
Size asused. . ... i s . 0. m. f. c.
Duration of test . 62
Coal charged. . ... i ) o 11,830
Coke produced. . . _.......coceeeueuin .. O { .- €0 .- . ifg?
Breeze produced _ 07(1)8
CTobal YeLd. . oo i, do.... 5%:27

Remarks.—Test 140: Dull-gray color, cell structure close; soft, dense coke; breakage .

poor. Coked in two distinct layers of 16 inches and 8 inches, the lowér coming out in
chunks. i

"Analyses.
Washing " Coking test 140.
test 162 | Cokimg |~ __
(washed test 120
coal).a | (coah. | Coal. Coke.
Moisture................. 14.14 12.96 13. 40 2.71
*Volatilematter.... ... ... e, 33.01 33.83 4.67
Fixed carbon.. .- 39.60 43. 66 77.69
ASh e X 14. 43 9.11 14 93
Sulphur. ...l . 4.09 2.99 [ 2.32

e For analysis of raw coal from this mine, see p. 100 {(analysis 2991, of B (lump) coal}.

ILLINOIS NO. 26.

Bituminous coal from Lincoln, Logan County, on the Chicago and
Alton Railroad, was designated Illinois No. 26. The coal, as worked
at a depth of 276 feet at this place, averages 4 feet 11 inches in
thickness. : :

This sample was shipped under the supervision of John W. Groves.
It consisted of run-of-mine coal and was used in making steaming
tests 341 and 342, producer-gas test 126, washing test 164, and coking
test 143 (on washed coal).

Two mine samples were taken for chemical analysis. Sample 2881
was taken 1,500 feet southeast of the shaft, where the coal measured
4 feet 11 inches in thickness.. Sample 2882 was taken 1,600 feet
northeast of the shaft, where the coal measured 4 feet 11 inches in
thickness.
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CHEMICAL ANALYSES.
Illinois No. 26.

103

- Steaming tests.e
N Car |—— -
Mine sample.
sample. | g4y 342,
Laboratory No. ... ooo i it 2881 2882 53003 ...l
Adr-drying 108s. ... .o 11.30 12.10 1270 oo el
Proximate: : -
Moisture. ... 14.77 15. 52 15. 68 13.55 15. 68
Volatile matter 32.90 32.27 32.41 33.11 32.41
Fixed carbon.................... . 39.75 39. 86 39.82 40. 24 39.82
Ash. .. . 12. 58 12.35 12.09 13.10 12.00
SULPRUT .- oot 3.95 3.65 3.51 4.45 3.51
Ultimate:
Hydrogen 4.43 4.53
Carbon........ 65. 81 67. 31
Nitrogen 1.23 1.26
Xygen 8.23 8.40
CUAShL L 15.15 14,34
Sulphur 5.15 4.16
Calorific value (as reccived): .
Determined.. ...l . (ﬁ”.lg'ngf’::
s - calories. . 5,743 |.oeoneifeeiins
Calculated from ultimiate analysis...qp "y 10,337 |-

¢ Proximate analysis of fuel as fired; ultimate analysis of dry fuel ‘figured from car sample.

b Results figured from sample from steaming test 342.
- STEAMING TESTS.

Tllinois No. 26 (run of mine).

Test 341. | Test 342."
61.0
2yinchesto linch. .. .. .. ... . . .. ... R« [« 17.1
ldinchestolinch. ... . oo ool ..do.... 19.9 Looo....
dinchtolinch.. ... .. .. ..o ool .do.... 8.9 9.2
{]iuch todinch. ... .. oo .do.... 4.4 5.8
nder }inch..... ..do.. 8.2 6.9
Duration of test..... hours. .| 10.0 8.87
Kind of grate. o oot Rocking. | Rocking.
Heating valueofcoal............oooo il B. t. u. per pound dry coal..| 12,029 12,260
Force of draft: ’ :
Under stack damper. .. ...oooiioiiii i, ....inch water.. 0.65 0.64
ADOve fire. .o e e do.... .34 .30
Furnace temperature. . ... ... iiiiaall. LRl 2, 264
Dry coal used per square foot of grate surface per hour ounds. . 20.91 23.02
Equivalent water cvaporated- per square foot of water-heating surface per
0L pounds.’ 2.84 3.16
Percentage of rated horsepower of boiler developed. ..... 79.7 88.6
Water apparently evaporated per ;)ound of coal as fired. . 5.52 5.40
Water evaporated from and at 212° F.:
Per pound of coal as fired. ... ... .o do.... 6. 56 6.47
Per pound of dry coal...... .do.. 7.58 7.67¢
Per pound of combustible. .... ...do.... 9.29 9.29
Efficiency of boiler, including grate. ...y per cent.. 60. 85 60. 42
Coal as fired: .
Per indicated horsepower hour........ ... ...l pounds.. 4.31 4.37
Per electrical horsepower hour.. .. ... . do.... 5.32 5.40
Dry coal: :
Per indicated horsepower hour. .. ... .. ... ...l do.... 3.73 3.69
Per electrical horsepower hour............... e eeeeieeeeaiaeas do.... 4.01 4.55

-
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PRODUCER-GAS TEST.,
Illinois No. 26 (run of mine).

Test 126.—Duration of test,:50 hours; average electrical Thorsepower, 174. 5 average
B. t. u. per cubic foot of gas, 147.2; total coal fired, 16,050 pounds.

Coal as Combus-
fired, | Py eoal Tiiple,
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower:
Commercially available. ... ... .. ... ..o 1.96 1.70 1.39
Developed at switchboard....... e i S 1.84 1.59 1.30
Per brake horsepower: .
Commercially available. ....... .. ... i 1.67 1.45 1.18
Developed at engine.............. F e 1.56 1.36 1.11
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Commercially available. . 2.13 1.85 1.51
Developed at switchboard . 2.00 1.73 1.41
Per brake horsepower:
Commercially available. .... e - 1.81 1.57 1.28
Developed at engine. ... ... ot i 1.70 1.47 1.20
Analyses.
Coal. ‘ . Gas by volume.
MOISEULe. .- oo ooooooooeeeeeeoeeeeenniess, 13.29 | Carbon dioxide (009 rovmscncinns 10.5
Volatile matter. . .. 32.02 | Carbon monoxide (CO).. .. 19.4
Fixed carbon. . 38.81 | Hydrogen (Hp)........... 15.5
Ash .. ......... 15.88 | Methane (CHy)........ 1.7
Sulphur. ... 3.52 | Nitrogen (Hg)....... .. 525
Ethylene (CoHy) ... ..o ... .4

WASHING AND COKING TESTS.
Illinois No. 26 (run of mine).

Washing test 164.—Size ag used, crushed to 2 inches. Jig used, Stewart. Raw coal
18,000 pounds; washed coal, 16,000 pounds; refuse, 2,000 pounds.

Coking test 148.—Size as used, washed, finely crushed. Duration of test, 59 hours.
Coal charged, 11,750 pounds; coké produced, 5,850 pounds; 49.79 per cent. Breeze
produced, 1,250 pounds; 10.64 per cent. Total yield, 60.43 per cent. Soft dense
coke. * Coal particles stuck together after volatile expelled.

Analyses.
Washing test 164. | Coking test 143,
Raw | Washed .

i coale | coal Coal. | Coke.
OISEUT@ . . oo et s 15.68 15.96 15.18 5.27
olatile matter . 32.41 [L......... 33.46 3.35
Fixed carbon.......... [ 39.82 |.......... 41.53 75.98
Ash 12.09 9.40 9.83 15.40
Sulphur . 3.51 2.76 2.73 2.80

aSample taken from steaming test 342.

ILLINOIS NO. 27,

Bituminous coal from Auburn, Sangamon County, on the Chi-
cago and Alton Railroad, was designated Illinois No. 27. The coal
is reached by shaft at this place, and averages 6 feet 6 inches in
thickness.
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This sample consisted of run-of-mine coal and was shipped under
the supervision of John W. Groves. It was used in making steaming
tests 353 and 354; producer-gas test 127; washing test 165; and cok-
ing test 144 (washed coal).

Two mine samples were taken for chemical analysis. Sample 2897
was taken 2,000 feet southeast of the shaft, where the coal measured
6 feet 10 inches in thickness. Sample 2898 was taken 1,400 feet south
of the shaft, where the coal measured 6 feet 10 inches in thickness.

CHEMICAL ANALYSES.
Illinois No. 27.

A L)
Steaming test.b
. Car
Mine sample. ——
. sample.a 353. 354.
Laboratory No.....o...ooiiiiiiiiiii i 2897 2898 3052 |....
Adr-drying 1oss. . ... ..o i 10.20 10.50 | - 10.00 |....
Proximate: .
Moisture....... 14.29 14.18 16.00

Volatile matter. .. ... ... i C31.17 34.85 32.41
Fixedcarbon......c.ooooiiiiiiiiiiiiLL .

Sulphur. ...
Ultimate:
]Iydrogen .......................................
Carbon. .

Sulphur. . ...

Calorific value: . Jord 6.115
s calories. . 2 B £ 2
Determined ...l {B. tou...| 11007 ...l

calories. .f.......o.jooiiiiaL
B.t.u.

Calculated from ultimate analysis ...

« Sample taken from steaming test 353.
b Proximate analysis of fuel as fired; ultimate analysis of dry fuel ﬁgured from car sample.

STEAMING TESTS.
Illinois No. 27,

Test 353, | Test 354.

Size as used:

Over 1inch.. 72.4 34.6
tinch to 1inc 11.1 25.7
4 inch to % inch 6.8 17.6
Under % inch. 9.7 22.1
Average diamet 2,29 .03
Duration of test..... 10.00 10.02
Heating value of coal. ... 11.831 11,713
Force of draft:
Under stack damper 0.60 |. 0.72
Abovefire............... - do..... .18 .17
Furnace temperature. . ... ...ooeeiieeoieeienaaanaeooaos °F 2,360 2,162
Dry coal used per square foot of grate surface per hour.. 19.83 19.26

Equivalent water evaporated per square foot of wacer-heating
T 0 .. 3.14 3.08
Percentage of rated horsepower of hoiler developed 88 86.

Water apparently evaporated per pound of coal as fired 5.57 5.60
Water evaporated from and at 212° F.:
Per pound of coal as fired. ... ... ... o i e 6.66 6.76
Per pound of dry coal...... cee- 7.93 8.02
Per pound of combustible. . 9.65
Efficiency of boiler, including gmte 64.73 66. 12
Coal as fired:
Per indicated-horsepower hour 4.24 4.19
D Per electrlca.l-horsepower hour.... ..o e 5.24 5.17
ry coal :
Per indica.ted-horsepower hour. .. ..o do.... 3.56 3.53

Per electrical-horsepower Bour. .. ... oo it it iaiiiii e do.... 4.40 4.36
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PRODUCER-GAS TEST.

Illinois No. 27 (run of mine).

Test 127.—Average electrical horsepower, 124.8; average B.t. u. per cubic foot of

gas, 122.5; total coal fired, 16,050 pounds.

I

Coal as . Combus-
Cfired. | DTVeoal) Tpie,
Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower:

Commercially available. .. 2.83 2: 51 2,12
Developed at switch board . 2.57 2.28 1.92

Per brake horsepower: s
Commercially available. 2.40 2.13 1.80
Developed at engine.. ... ... ... iiiiiiiiiiiiiial 2.19 1.94 1.63

Equivalent used by producer plant (pounds).

Per electrical horsepower: . R -
Commercially available. .. .. ... ... i, 3.06 2.72 2,29
Developed at switch board .............................. ... P 2.78 2.47 2.08

Per brake horsepower: -

Commercially available. .. ... ... oo 2.60 2.31 1.95
Developed at engine............... ..o 2.36 2.10 177
Analyses.
Gas by volume.

Moisture..... . ...l Carhon dioxide (COg)............... ... ... 12. 4

Volatile matter Carbon monoxide (CO)..................... 15.0

Fixed carbon........ Hydrogen (He).......oooooiieeooiiiaan, 12.9

Ash. ... Methane (CHa) ... ..oooiiiiiiiiiiiiiann 1.6

Sulphur. ... ...l Nitrogen (Hs2). . ....oooeenimiiaiianann. 57.7

Ethylene (Ca Hy) . ... ... oo iiiiian. .4

WASHING AND

COKING TESTS.

Ilinois No. 27 (run of mine).

Washing test 165.—Size as used, crushed to 2 inches. J ig used, Stewart. Raw coal,

18,000 pounds; washed, 15,545 pounds; refuse, 2,455 pounds. -

produced, 405 pounds; 3.51 per cent.
very little cell structure; high sulphur. |

Coking test 144.—Size as used, washed, finely crushed. Duration of test, 53 hours;
coal charged, 11,550 pounds; coke produced, 5,067 pounds; 43.87 per cent;

; breeze
Total yieid, 47.38 per cent. Soft, dense coke; .

Analyses.
Washing test 165. Coking test 144.
Raw | Washed "

coal.a~| coal. Coal. CP“"
Moisture........... e s 16. 00 16.11 16. 39 3.51
Volatile matter. . 32.41 |.... ... 34.26 1.55
Fixed carbon. ... 37.82 1. .. ...... 41. 57 81.14
sho.......... 13.77 7.76 7.78 13.80
Bulphur. .l 4.05 3.26 3.22 -3.40

a Sample taken from steaming test 353.
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ILLINOIS NO. 28.

Bituminous coal from bed No. 7 at Herrin, Williamson County,
was designated Illinois No. 28. This coal, as worked at a depth of
167 feet at this place, averages 6 feet 11 inches in thickness.

Three shipments of coal for testing purposes were made from this
mine. Illinois No. 28 A consisted of No. 5 washed coal, was shipped
uninspected, and was used in steaming test 459 (on briquets) and in
briquetting tests 140%, 141%, 142*, 143*, 162, and 163. Illinois No.
28 B consisted of unwashed screenings shipped uninspected, and
was used in steaming test 457 (on briquets) and briquetting tests
144* 158%*, 159, 160*, and 161. Illinois No. 28 C consisted of lump
coal which passed over a 3-inch round shaking screen, was shipped
under the supervision of K. M. Way, and was used in steaming
tests 448 and 452, washing test 181, and coking test 166.

Two mine samples were taken for chemical analysis. Sample
3629 was taken 2,400 feet west of the shaft, where the coal meas-
ured 7 feet in thickness. Sample 3632 was taken 2,250 feet north-
west of the shaft, where the coal measured 6 feet 11 inches in thickness.

CHEMICAL ANALYSES.

Illinois No. 28.

Steaming tests.a Briquetting tests.b
Car | A. B. C. A. B.
Mine sam- | sam-

ple. le . 158%,
). | - x| 159,
459. | 457. | 448. | 452. | 140%. | 142%. | 143%, | 144%, and
160*,
Laboratory No............ 3629‘ 3632; 3789...... 32 RN DN PR 4006| 4144 4150
Air-dryingloss...........|...... Lo b 20,1 R R R R [N ) R P P

Proximate:
Moisture .. 872 888 7.78 7.32| 5.8l 482 7.02[ 581 575 578 6.38 545
Volatile matte ..| 30. 38 29.49| 29.85| 30.72( 30.86| 30.81} 29.93| 30.31j 31.06! 30. 58| 3L 07| 31.65
Fixed carbon. .| 83.28] 53.60] 52. 39| 49.84| 52. 41| 53. 82| 53. 51| 49. 58| 51. 50{ 51. 02| 51.19) 51.74
Ash...... .. S| 7.620 8.03). 9.98 12.12( 10.92| 10. 55( 9. 54| 14. 30 12. 61 12. 62| 11. 36 11. 16
Sulphur 1. 00| 99 1.32( 1.29] 203 1.47] 118 1.25 1.21} .95 1.55 2.04

Ultimate:
Hydrogen............. 50060 421 460 4.54] 459 4.21] 4.16| 4.35 4.22| 4.19
Carbon..... 67. 45( 71. 88| 71.92| 72. 85| 73. 75 69. 69| 71. 92| 71. 89| 71. 82| 71.62
Nitrogen... L2l 1.59 137 1.30/ 132 1.36f 1.35 1.36] 1.39( 1.43
Oxygen..... 14.98( 7.85( 8.30| 868 88l 823 7.95 800 878 880
Asho. oot 13.08| 11 59( 11. 09} 10.26] 15.18| 13. 34| 13. 39 12. 13| 11. &0
c IS{I{! hurl ..................... 139 2.10} 154 1.27/ 1.33 128 1.0l 166 216
alorific value e
N | 6,77 6,044[. ..o
determined . ’ Taral Tl

(as received) }B. t.ou. ...112,200(. ..... 1,959). ..o oo e

a Pi‘qximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
b Proximate analysis of fuel as received; ultimate analysis on dry basis.
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STEAMING TESTS.

Illinois No. 28.

' A. B. I C.
TSt 499 | Test 457. | Test 448. | Test 452.
Size as used: '
Overlinch............oooooiiiiiiiiiiiina.. .. 32.3 58.4
3 inch to 1inch... do.... 22,1 21. 3
4inch to 4 inch. .. ..do.... (a) . (@) 13.7 9.0
Under yinch........... ..do.... 3.9 11.13
Average diameter .. .. . .79 112
Duration of test........ .. 9.95 9.13 10. 03 10. 00
Heating value of fuel............ .t .. 12, 557 12,859 12,920 13,070
Force of draft: '
Under stack damper. ...............o........ i .. 0.80 0.81 0.76 0.74
Abovefire............... .. S do.... .15 .16 17 .14
Furnace temperature R 2, 601 2, 6{)6 2, 862 2, 833
Dry fuel used per square foot of grate surface per hour
POUNAS. ... 18.72 19.85 22.52 21.97
Equivalent water evapomted per square foot of water-heating .
surface per hour. ..t .. o.oiiiiieiiiiii e pounds.. 313 342 3.88 3,94
Percentage of rated horsepower of boiler developed............ 87.7 95.9 1088 110.5
Water a.pparently evaporated per pound of fuel as fired,
OUNAS. ...ttt 6. 43 6.78 7.01 6.97
ater evaporated from and at 212° F.:
Per pound of fuel asfired.......................... e 7.75 813 821 835
Per pound of dry fuel...... . 8.36 8. 64 8.63 8.98
Per pound of combustible 9.79 10. 11 9.99 10. 36
Efficiency of boiler, including grate................ per cent. . 64.29 | - 64.99 64. 50 66. 35
Fuel as fired:
Per indicated horsepower hour._................ pounds. . ©3.65 3.48 3.44 339
Perelectrical horsepowerhour...................... do.... 4.50 429} - 425 418
Dry fuel: . .
Perindicated horsepower hour..................... do.... 3.38 3.27 3.28 315
Per electrical horsepower hour............._ PUTY' T T 418 4.04 4.05 3.89

a See p 109.

Remarks.—Test 459 on bnquets from tests 162 and 163 (equal weights) and English
briquets; fired whole; no smoke from e1ther kind. Test 457 on briquets from tests
159 and 161 (equal Welghtd made 4 per cent black smoke.

WASHING AND{ COKING TEST.

Illinois No. 28 C (lump).

Washing test 181.—Size as used, 2-inch; jig used, Stewart; raw coal, 24,000 pounds;
washed coal, 19,925 pounds, 74 per cent; refuse, 4,075 pounds, 26 per cent.

- Coking test 166.—Size as used, washed, ﬁnely crushed. Duration of test, 60
hours. Coal charged, 12,600 pounds; coke produced, 6,350 pounds, 50.40 per cent;
breeze produced, 661 pounds, 5.25 per cent. Total yield, 55.65 per cent; dark-gray
color; poor, dense coke. '

Analysts.
‘Washing test 181. | Coking test 166.
Raw | Washed ’
coal. coal. Coal. Coke.
MOISEUTe. . . . e ettt 7.78 9.75 9.37 2.82
Volatile matter : . 29.85 |..ocvnnnn. 30. 38 . 60
Fixed carbon........ e 52.39 |.......... 53.36 86.12
Ash....oo..ooilL iy . 9.98 7.12 6.89 10. 46
Sulphur... 1.32 1.05 1.09 .98
PhOSPhOTUS. vt | e e . 0075




‘TESTS—ILLINOIS, 109

BRIQUETTING TESTS.
' Illinois No. 28.

Tests 140%, 141%, 142%, 148%, 162, 168 (coal A, washed screenings.)—Size as used: v
inch to % inch, 3.0 per cent; & inch to ¢4 inch, 13.0 per cent; #; inch to % inch, 20.2
per cent; through 2 inch, 63.8 per cent. There was no appreciable difference in
briquets with 6, 7, and 8 per cent binder made on English machine and 8 per cent on
Renfrow machine. Renfrow briquets made with less than 8 per cent binder were
not satisfactory. The satisfactory briquets had hard, smooth outer surfaces, broke
with clean rough fracture without crumbling, and edges were hard and sharp. Ren-
frow briquets could be handled warm and piled without crushing.

For analyses of briquets from tests 162 and 163 see page 108 (steaming test 459).

Test 140*.|Test 141*.|Test 142*.[Test 143*.! Test 162. | Test 163.

Details of manufacture:

Machineused......................... Eng. Eng. Eng. Renf. Renf. Eng.
‘Temperature of briquets........ °F.. 185 185 185 ©o13L 131 185
Binder—
Kind.. ..o .ooiiiiiiiiiiiii, w.gp.| wW.gp | wW.gp | wgp | wgp. w.2.D.
Laboratory No. (see p. 40)....... 3410 3410 3410 3410 3885 3885
Amount................ per cent. . 6 7 8 8 8 7
Weight of— .
Puel briquetted......... pounds..| 16,000 16,000 16,000 | 134,000 40, 000 8,000
Briquets, average.......... do.... 3.44 | 3.54 3.45 . 502 . 463 3.62
Heat value per pound— )
Fuel as rccowed . B.t. u..| 10,611 10,611 10,611 10,611 10, 611 10, 611
Fuel as fired.. PR« L« TR PR . 11,567 11,927 12,026 11, 637 11 637
Binder..................... ..o.| 16,478 16,478 16,478 16,478 16, 870 16 870
Drop test (1-inch screen): . oLs
Passed ................................................................. 385 ...

................. 7356 |.oieans
Passed (fines) R P 26.5 |..oeoann..
Fines through 10-mesh sieve. ..do.... 94.5 . .....il
Weathering test:
Time exposed.................. days.. 182 182 182 173 127 173
Condition........cooooiiiiiiiii... A. B. Al B. B. B.
Water absorption: R
In19days...........coeentn .. ; 13.6 [..oeoaeets
Average for first 5 days LS [ P 1.84 (.........
Specific gravity (apparent) 1041 |..........

Pitch. | Fuel. |Briquets,

test 143*.

Laboratory No. .. ... e 3410 3409 4066

Air-drying loss cteaaeeas 9.30 |..eeann.n.
Extracted by CSa:

Adrdried. . ..o e N 23 L.

As received . 79.98 21 9.15

Pitch in briquets, asreceived. .. ... ..ooiiiiiiiieiiiiiae e @0 e 11.21

Tests 144%, 158*, 159, 160%, 161 (coal B, raw screenings).—Size as used: Over %
inch, 0.4 per cent; % inch to % inch, 3.8 per cent; 7% inch to 7 inch, 13.4 per cent;
75 inch to o inch, 24.8 per cent; through 75 inch, 57.6 per cent. These briquets
showed the same characteristics as those made from Illinois No. 28 A, except that
when cold their surfaces were tougher and less liable to break down from abrasion
than those of the briquets from the washed fuel. For analyses of briquets from test
161 see page 108 (steaming test 457). '
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Test 144%.[Test 158*.| Test 159. |Test 160*.| Test 161.
Details of manufacture:
Machine used. ....... ... Renf. Eng. Eng. Eng. Renf.
I'emperature of briqu 131 185 185 185 131
Binder— '
Kind....oooooiii e w.g.p.| c.t.p. { c.t.p. | c.t.p. w. g.p.
Laboratory No. (see p. 40)...o.oeonneenn... { sase } 3692 3692 3692 { e
Amount.......ooooiiiiiiiiiiia. per cent.. 8 6 7 8 8
Weight of—
Fuel briquetted................. .. pounds..| 123,000 20,000 28,000 20,000 30,000
Briquets, average. ................... do.... 0524, 3.50 3.51 .3.63 0. 481
Heat value per pound—
Fuelas received..........._........ B.t.u..| 11,329 11,329 11,329 11,329 11,329
Fuel as fired ....do....| 12,094 12,161 | 12,161 | 12,161 12,092
Binder..... ... ...l do....| a16,300 16,103 16,103 16,103 16 870
Drop test (1-inch screen):
eld. do.... 49.0 77.9 72.3 80.6 41.0
Passed.......o..cooiiiiiil do..:. 51.0 22.1 27.7 19.4 59.0
Tumbler test (1-inch screen):
eld. .. 79.0 77.81 © 72.1 66. 4 *59.5
Passed (fines) ...cvvveeeeaeeaaon ..do.... 21.0 22.2 27.9 33.6 40.5
Fines through 10-mesh sieve cee 85.0 80.0 87.7 78.3 89.5
Weathering test:
Time exposed...ooceeeeeeniiiiiii.. .. 141 143 137 137 112
Condition..... C. B. B. B. C.
Water absorption:
In19days......cco.... 15.5 14.3 12.6 13.9 16.0
Average for first 5 days 1.98 1. 40 1.30 1.40 2.14
Specific gravity (apparent) 1.075 1.092 L2 | 1.075 1.038

% ual weights of two binders were used and the calorific value determined from the separate
calon c values of the binders.

Extraction analyses.

Briquets.
. Tests
Pitches. Fuel. Test 158%, | Test
144%, 159, 161.
160%
Laboratory No...................... 3486 3624 3692 3885 3423 4144 4150 4121
A]l‘—dl‘ylng 108s.......i..oopercent. | Lo ool 6.20 |.ooiifeiiiatn 2.90
Extracted b, 37 CS,: X .

Airdried.................. [+ (T DN PO LR O 25 e 5.96
Asreceived............... do....| 8.57 ] 99. 60 69.71 | 95.20 .23 7.54 5.12 5.79
Pitch in briquets, as received..do... |....._..|........ ... P N 8.57 7.02 6.77

ILLINOIS NO. 29, .,

Bituminous coal from bed No. 5 at Livingston, Madison County,
was designated Illinois No. 29. This coal. as worked at a depth of
286 feet at this place, averages 6 feet 10 inches in thickness.

Two samples were shipped under the supervision of K. M. Way, as
follows: Illinois No. 29 A consisted of screenings through a 2-inch
shaking screen and was used in steaming test 465 (on briquets);
washing tests 183 and 184; coking tests 169 and 170; cupola tests
150, 157, and 164; and briquetting tests 170 and 171t.  Illinois No.
29 B conswted of run-of-mine coal and was used in steaming tests
460, 461, and 466 (on briquets) ; producer-gas test 139, and brlquettmg
test 17 5-[-.

Two mine samples were taken for chemical analysis. Sample 3911
was taken 1,600 feet south of the shaft, where the coal measured 7
feet 13 inches in thickness. Sample 3913 was taken 1,200 -feet
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-northwest of the shaft, where the coal measured 6 feet 6% inches in

thickness. '
CHEMICAL ANALYSES.

Illinois No. 29.

Steaming tests.a
. Car samples. Briquet-
Mine sam- A. B. ting test
ples. - 1711 (A).b
B A B LA
. : ' 465 460. 461 466
: Labgmtory1 No 3911 | 3913 292(8] 3983 3080 | 4233 |.......|....... 4245 ..ol
Air-dryingloss... .. .. o oo ]aaaiolt L0 [ 5.50 (et e
Proximate:
Moisture.............. 14.25 | 12.69 | 12.47 | 13.10 | 12.25 | 14.23 | 11.09 | 12. 41 | 10.00 12.29
Volatile matter .| 35.52 | 37.40 [ 33.12 [ 30.73 | 33.76 | 34.63 | 33.68 | 35.42 | 36.33 37.16
J1?\‘i:](ed carbon.. > 5 4(:;;. gg
sh....... . X
Sulphur............... 3.56
UltinImte: Lot
Hydrogen. . .
Carbon.... _72.23
Nitrogen. 1.07
O\ﬁzgen 1(;‘ 3(75
Ash...... .

G lSu} phur. . : . 4.06
alorific vaiue 5,926 | 5,546 | 5,955 |.......|-.ooo oo
determined calories. .| 6,051 6’242. .),9“ , , T R R PRI FRPEPEY] CRTTPPY AEPPRPE
(as received). . } B.t.u...[10,892 [11,236 10,667 | 9,983 110,719 [ oloofoeeeensfommnana]oann il

e Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
b Proximate mmlysns of fuel as mcewed ultimate analysis on dry basis.

STEAMING TESTS.
Illinois No. 29.

Al B.

Test 465. | Test 460. | Test 461. | Test 466.

Size as used: .
Overlinch... ... ... . .ciiiiiiiiiiiiinnens .. 34.1 51. 4
4 inch to 1 inch. do.. 21.5 22.4

H : See p.
inch to 4 inch.. .. 13.2 10.7
nAer 3 INCN ... oveoooo oo T e 31.2 w5 |[ 114
Average dm,mctcr B . 0.81 1.04
Durationof test... ... ... ... ... ~...hours._. 9.98 10.05 5. 42 10.07

Heating value of fuel.............
Force of draft:
Under stack damper .....

Above fire..._...

In ash pit........
Furnace temperature . .
Dry fuel used per squa,re fo
Equivalent water evaporated per square foot of water-heating

surface perhour. ... .. ... ... . i iiiieaao... pounds. . . 62 . 3
Percentage of rated horsepower of hoiler developed........... 101. 5 96. 3 109.2
Water apparently evaporated per pound of fuel as fired, .

ounds. . ... P - 6.34 5.93 6.52
Water evaporated from and at 212° F.:

Per pound of fuel asfired........................ pounds.. 7.65 7.16 7.31 7.87

Per pound of dry fuel._...... ...do.... 8.91 8.05 8.34 8.74

Per pound of combustible....... ...do.... 9.89 9.88 9. 58 10.03
Efficiency of boiler, including grate.._.............. per cent. . 65. 58 65. 08 63.28 06.14
Fuel as fired: .

Per indicated horsepower hour.. ... ........_.. pounds. . 3.70 3.95 3.87 3.59

Per electrical horsepower hour..................... do.... 4. 56 4.88 4.78 4. 44
Dry fuel: .

Per indicated horsepower hour:. .. ................ do.... 3.17 3.51 3.39 3.24

3.92 4,34 4.19 3.99

Per electrical horsepower hour..................... do....

Remarks.—Test 465 on English and Renfrow briquets from tests 170 and 171t (equal
weights) burned with medium-length flame, making 6 per cent black smoke; 42 per
cent clinker, very hard, brittle, and of a dark-gray color and glassy fracture. Test
466 on briquets from test 175% burned with a hot fire, medium flame, making 13 per
cent black smoke; 38 per cent clinker, gray, hard, porous; steam jet used to keep
from sticking to grates' ash gray in color, gritty.
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PRODUCER-GAS TEST.

Illinois No. 29 B (run of mine).

Test 189.—Size as used: Over 1 inch, 66 per cent; } inch 'to 1inch, 17 per cent; inch

“to § inch, 7 per cent; under } inch, 10 per cent. Duration of test, 50 hours.

Average

electrical horsepower, 194.3; average B. t. u. per cubic foot of gas, 141.2; total coal

fired, 17,250 pounds. ‘

Coal as Dry Combus-
fired. coal. tible.
Coal consumed in producer per horsepower hour (pounds). ) -
Per electrical horsepower: . '
Commerciglly available. ... ... .o i 1.86 1.63 1. 40
Developed at switchboard........... ... ... ...l 170 1.56 1.34
Per brake horsepower: . .
Commercially available. .. ... ..o i 1.58 1.39 1.19
Developed at engine. ..............oo il 1.51 1.33 114
Equivalent used by producer plant (pounds).
Per electrical horsepower: :
Commercially available. ... ... ... i 2.00 1.75 1.51
Developed at switchboard. .., ..... ... ... ... ... ....il.. S 1.91 1.67 1.44
Per brake horsepower:
Commercially available. ...... ... . ... il 1.70 |- 1.49 1.28
Developed at engine............... ... ... ...l e 1.62 1.42 1.22
Analyses. _
Gas by volume.
MOISEUTC. .. - o e ee e e e ncaeennas . Carbon dioxide (CO2) ......ccooiieiieiananaas 1.4
Volatile matter eee. 33, Carbon monoxide (CO) e teeeeeas 17.3
Fixed carbon.... ......... co.. 41 Hydrogen (Flg) .. ...cooi i 14.0
F.C) s D ce.l 12, ‘Methane (CHy) ... ioioiiiiiiii it 2.0
Sulphur........ e, . Nitrogen (Ng) . .cveeneineoeniiniaiaiananens 54.8
: . Ethylene (CaHyg) .ovvneniinmiiiiiniiinn, b
WASHING AND COKING TESTS.
- Illinois No. 29 A (screenings).
Washing tests.
’ Test 183. | Test 184.
Jig used. .. Stewart.| Stewart.
Raw coal.. 18, 000 59, 500
13,750 41, 500
Washed coal ) 2?,8 18’ 0(7)8
Refuse. .. ..ol Y ’ 30
Coking tests (on washed coal).
~ Test 169. | Test 170.
Size asUSed. ... ... ... ceeeaen e f.c. f.c.
Durationof test............... ... ... . : _..hours.. 74 54
Coal charged......... et potands. 12, 8;(0) , 1}, 388
....do.... 4 5
Cokeproduced. _........................... E {per c%nt. : 4ié§2 4323%
ounds. .. 84
Breeze produced. ..... ... ..o {ger cent.. 5.70 2.89
Totalylcld ........ do.... 46.92 45.27

Remarks.—Test 169: Po,oi, dense coke; high sulphur. Test 170: Better than test 169,

but poor coke with high sulphur content.
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 Analyses.
' Washing test .| Coking test Coking test
133? Washing 15). 170.
test 1118?1
. (washe
g‘;‘]" \\;?)sul}ed coal). | Coal. | Coke. | Coal. | Coke.
MOISTUTC . .. eeee e 13.10 15.86 15.86 | 15.63 0.72 | 18.39 2.78
Volatile matter. 30,73 [eeceeeeifoennanatt 33.88 .90 | 32.87 .74
Fixed carbon... 40.12 [oeeeiiaiiifeeeina.. 42.81 | 84.62 | 41.53 83.35
Ash......... 16.00 7.70 ] 7.70 7.68 | 13.76 7.21 13.13
Sulphur.....oooiviiiiiii s 4.17 3.06 3.06( 3.13) 2.57( 3.006 2.49
Cupola tests of coke made from Illinois No. 29 A coal (washed).
CHARGE. i
Coke. Divisions of charge. : 1 .
Fluid- -
Cupola .
toot Test El%cc' Ratio Sggp Materials. : . |Total.
No. | No. | grav- 12%111“1:0 full. L 2 3 4 o
ity. .
Per ct. N Lb1s§0 Lb.sﬁ.0 Lbsé0 Lbs. Lbsb Lbsé
. o | . SoKe...snnnt 6 430
150 | 70| 183 7|94\ Bigiront Il ™ 5% 50| 50| 500 | 3,000
- Coke........ 1 : 7 500
157 170 1.83 6| 97.22 Pig iron..... ggg 522 522 522 56{3) 3, ggo
Coke........ 4. 5
164|170 183 8| 94443 pigiron . 1. 80| 550 55| 550 | 550 | 3,000
RECORD OF MELT.
Blagt pressure. Weight of iron. Melting. Recovered.
Cupola, Iron :
tost .| rum- Hon. Rate [Ratio,
No. Onat— |MBXi-| DINg poureq! “al | Total|Time. per | MO | Loss. | Iron.|Coke.
mum.| in— to
melt- hour. coke
ed. .
Oz. | Min. | Lbs. | Lbs. | Lbs. | Min.| Lbs. Per ct.| Lbs. | Lbs.
150 7 12 [ 2,095 329 | 2,424 344,278 | 6.12 | 553 410 34
157 7 10 [ 2,195 466 | 2,601 31] 5,150 | 6.02) 537 | 178 58
164 7 9| 1,331 295 | 1,626 303,252 | 4.85| 6.77 {1,171 40
SILICON, MANGANESE, ETC.
Silicon. Manganese. Sulphur.
Content
Cupola Amount of coke
test Materials. used : combined
No. (Ibs.). |Percent.| Pounds.|Percent.| Pounds.|Percent.| Pounds.| with iron
m(elted
. (per
cent).
Pigiron.......... ... 2.12 51.39 0.178 4.315 0.059 | 1.4302
Melted iron:
150 Amount,......[......... 191 46. 30 . 155 3.757 .086 | 2.0846 6. 59
Gain or loss...|......... —90.90 | — 509 [-12.93 | — .558 | + .027 |+ .0(544
Coke..z........... 399 Lo e 2.49 9. 9351
Pigiron...........|......... 2.12 56. 41 .178 4.737 .059 [ 1.5700 .
Melted iron: . .
157 Amount.......|......... 1.84 48.96 .133 | 7 3.539 L108 | 2 8739 11. 69
Gainorloss...[......... —13.21 | — 7.45 |—25.29 | —1.198 | + .049 |+1. 3039
CoKe.oovvirrnannn L1270 IR (R PR P, 2.49 | 111552
Pigiron........... . 09 1, 5935
Melted iron: ‘
164 Amount....... PN .133 | 21626 6.74
Gain or loss...|.... + . 035 [+ . 5691
Coke........o..... 2. 49 8. 4411

19698—DBull. No. 332—08——8
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Cupola tests of coke made from Illinois No. 29 A coal ('washed)——C‘onumued
LADLE RECORD.

Test 150.a Test 157.a Test 164.0 Test 150.¢ Test 157.a Test 164.b
Lﬁdle - - - Lﬁdle p P i

No. ime ime ime 0. ime ime ime

Lbs. (a.m.). Lbs. (p.m.) Lbs. (a.m.). Lbs. (a.m.). | Lbs. (p.m.;. Lbs. ‘(8. m.)

1..... 35| 11.14 19 3.28 8 | 11.25 | 13....] 66| 11.30 88 3.44 84| 11.44

2..... 96 | 11.18 95 3.32 321 11.25%)| 14....] 99| 11.30% 107 3.45 57 | 11.46
3..... 110 | 11.19 | 107 3.323 93 1L.28 15.... 97 | 11.31 97 3.45% 78| 11.46%

4..... 69| 11.23 86 3.33 88| 11.28% 16....] 90| 11.34 98 3.46 | 136 | 11.47

5..... 103 | 11.2334 &7 3.36 521 11.29 (| 17..._. 98 | 11.34} 106 3.48 53| 11.48

6..... 103 | 11.24| 107 3.363 90| 11.30 | 18....; 100 | 1135 | 102 3.4841 40| 11.49
Toenn. 751 11.25 85 3.37 691 11,31 |1 19....} 97| 11.40 90 3.49 | e
8..... 98| 11.254 81 3.40 65) 11.38 || 20....{ 94| 11.40% 88 3.52 |...... I
9..... 103 | 11.26 | 100 3.403 83 11.38%) 21 88| 11.41| 109 3.523 ..., s
10..... 70| 1127 80 3.41 821 11.39 ({ 22....] 92| 11.43 85 3.53 |...... [
1L..... 102 | 11.273 101 3.43 (7 60| 11.43 [ 23.... 67 1 11.44 83 3.85 [...... [P
12..... 103 | 11.28 [ 101 3.43% 83| 11.433%|| 24.... 20 11.45 93 3.66 [...... [

a Pig iron used from car 27633. b Pig iron used from car 131943.

Remarks.-—-Test 150: Temperature of iron, medium. Test 157: Iron hot. Test 164: -
Iron cold. , '
BRIQUETTING TESTS.
Tilinois No. 29.

Tests 170 and 171} (coal A, washed screenings).—Size asused: Over }inch, 3.6 per cent;
T inch to 1 inch, 8.6 per cent; 5% inch to {4 inch, 16.2 per cent; #; inch to 45 inch, 20.8
per cent; through 7% inch, 50.8 per cent. Satisfactory briquets were made on hoth
machines with 7 per cent binder. Briquets were very hard and tough, and broke with,
rough fracture and hard edges. Renfrow briquets were well molded and stood handling
when warm. TFor analyses of briquets from test 170 see page 111 (steaming test 465).

Test 175% (coal B, raw, run of mine).—Size as used: Over § inch, 3.2 per cent; &5
inch to 4 inch, 9.8 per cent; 5 inch to {5 inch, 16.4 per cent; 5 inch to 4 inch, 25.8
per cent; through 77 inch, 44.8 per cent. The briquets were identical with those made

of the washed coal, except that fracture was rougher and harder, as fuel did not crush so
" finein grinding. Foranalysesof briquetsfrom test 1751, see page 111 (steaming test 466).

Al B.
Test 170. | Test 171t. | Test 175¢.
Details of manufacture:
Machine used. .. ... it Eng. Renf. Renf.
Temperature of brlqncus ........................ e °F.. 203 131 131
Binder— ' .
Kind.........oooooooo i e { ‘g % g: } w.g.p- w.g. D
Laboratory No. (see p.40) . .................... e { 33‘112 } 4543 4543
Amount. ... percent.. 70 71 - 7
Weight of— .
Fuel briquetted................. e ..pounds..| . 6,000 24,000 15,000
Briquets, average. . ...........oiciiiiiiiiiiiiii do.... 3.84 . 437 . 465
Heat value per pound—
Fuel as recenod ............ e B.t.u.. 11,844 11, 844 10,667
Fuel as fired.. . ....do.... 11,254 11,671 11, 486
Binder. ... ... do....! al6,554 * 16,969 16,969
Drop test (l-inch screen): * : .
Held. . oo i per cent.. 74.4 47.0 50. 5
Passed. ... ..o i do.... 25.6 53.0 49.5
Tumbler test (1-inch sereen):
eld . i R per cent.. 94.0 75.0 .75
Passed (fines) do...: .06 25.0 22.5
. Fines through 10-mesh SI8Ve. - o oo do.... © 81.2 87.3 90.2
Weathering test: . ) .
Time eXposed. . ... ... days. . 56 55 53
Condition. . ...oooie i C. B. B.
Water absorption: : .
In 19 days. oo e per cent .. 17.0 21.5 18.8
Average for first— '

o Equal weights of two pitches were used and the calorific value determined from the separate calo-
rific values of these pitches.

et aThea
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Eztraction analyses.

-~ A. ’ B.
Pitches. ) Briquets. .
. Fuel. - Fuel. |Briquets,
Test 170. | Test 171 tost 175,
Laboratory No................ 4319 4543 3963 4233 4581 3958 4245
Air-drying Joss...... per cent. .o 8. 60 11.80 10. 40 7.30 7.80
Extracted by CSa: .-
Air-dried............ [ Yo TP DR PP .83 . 6.61 7.57 .99 6.92
As received......... do.. 66.25 99. 66 .76 5.83 6.77 192 6.38
Pitch in briquets, as recelved
pereent... ... ..o seeeeeas 6.17 6.09 |..enan.... 5.53

ILLINOIS NO. 30.

Bituminous coal from bed No. 7 at Shiloh station, St. Clair County,
on the Southern Railway, was designated Illinois No. 30. The coal
as worked at a depth of 126 feet at this place averages 6 feet 8 inches
in thickness. _

One sample, shipped under the. supervision of K. M. Way, con-
sisted of nut coal through a 3-inch and over a 2-inch shaking screen,
and was used in steaming test 511 (on briquets); producer-gas test
157; washing tests 190 and 190a; and briquetting tests 225, 226, and
228. :

Two mine samples were taken for chemical analysis. Sample 3910
was taken 900 feet southwest of the shaft, where the coal measured
6 feet 9 inches in thickness. Sample 3912 was taken 800 feet north-
east of the shaft, where the coal measured 6 feet 8 inches in thickness.

CHEMICAL ANALYSES.
Illinois No. 30.

Car sam-| Steaming

Mine samples. ple. .| tost 511.0

Laboratory NoO. ... ...ttt 3910 3912 43064 4714
Adr-drying 108S. . ...o.iiiii i 2.80 f.olls (U P
Proximate:
D o) E 1 5 10.73 9. 88 11. 69 . 9.75
Volatile matter. .. 30.60 | 42.26 35.70 39.25
Fixed carbon. 40. 41 37.05 39. 42 42. 69
Ash.... 9.26 10.81 13.19 8.13
Sulphur 4,12 3.83 |, 4.38 3.21
Ultimate:

5.46 4.80

57.15 71.76

.94 1.13

18.88 9. 60

.......... 9.21

.......... 3.56

{cn.lories .. 5,044 [ .. .1 ... ..
B.t.u... 10,699 |[........ °...

e Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TEST.
Illinois No. 30 (washed). -
Test 511.
Duration of test. .. ... . e hours.. 8. 58
Heating valueof fuel. ... ... .. ..o ... .. ... B.'t. u. per pound dry fuel. . 13,271
Force of draft:
Under stack da,mper. . inch water.. 0.87
Above fire ........ .do.. .19
Dry fuel used per squa 20.94
Equivalent water evaporated per squa,re foot of water-heating surface per ho . 3.59
Percentage of rated horsepower of boiler developed ............o........ oo 100. 7
Water apparently evaporated per pound of fuelasfired ...............ccoooiiin... 6.41
Water evaporated from and at 212° F.: .
Per pound of fuel asfired ... .. .. . ...l e e 7.76
Per pound of dry fuel ....... 8.60
Per pound of combustible ...... .. 9. 59
Efficiency of boiler. including grate . ... ... .. . oo 62. 58
Fuel as fired:
Per indicated horsepower hour 3.64
Per electrical horsepower hour . 4.50
Dry fuel:
. Per indicated horsepower hour - 3.29
Per electrical horsepower hour 4.06

R'emarké.—Test made on English Dbriquets from tests 225 and 226 (equal parts)'.'

Fuel burned slowly with hot fire, medium flame; and no smoke; 40 per cent clinker.

PRODUCER-GAS TEST.

Illinois No. 30 (washed).

Test 157.—Duration of test, 50 hours. "Average electrical horsepower, 199;

B. t.u. per cubic foot of gas, 154.4; total coal fired; 16,200 pounds.

average

Coal as |; Combus-
fired. |DTYCoal{ "o,
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower:
Commercially available. ... ... ....ooiiiiii i 1.69 . 1.60 1.44
+ Developed at switch board .. .. . ... ...l 1.63 1.54 1.38
Per brake horsepower:
Commercially available. ... .. ... ... .. i 1.44 1.36 1.22
Developed atengine. ... ... ... i 1.38 1.31 1.17
Equivalent used by producer plant (pounds).
Per electrical horsepower:
- Commercially available.. ... . .. ... ... ...l 1.78 1.68 1.51
- Developed at switch board ...... ... .. .. . oo 1,71 1.61 1.45
Per brake horsepower: R
Commercially available. 1.51 1.43 1.28
Developed at engine.... 1.45 1.37 1.23

Analyses.

Coal. ’ Gas by volume.

Moisture.... e eeeaeieeeeeaean 5.59 | Carbon dioxide (COg)..........o...o ...

. 39.30 | Carbon monoxide (CO)

Volatile mat .
.. 45.45 | Hydrogen (Hy).

leed carbon.
Ash. ... e ceeee 9.66 | Methane (CHy).
Sulphur .................................... 3.37 | Nitrogen (Ng)....

Ethylene (CeHg) . ovnoiiiiiiiiiainan

ek
. Rpsdo
NOoO WS W

——eee i —
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WASHING TESTS.
IMinois No. 30.
Test 190. |Test 190a. Test 190. | Test 190a.
Duration of test. ..... hours..| 2 4 Rawcoal............. tons.. 15 12.45
Size as used . .through screen.| 24-inch. | 1-inch. || Washed coal. ... { o .do.‘.;. - 11".}9 mé}
Jig adjustment: por en 3.4 2.35
Make or number.......... ‘Stewart.| Special. || Refuse............ ons . i ‘23 .
Speed. p.m..| - 35 70 per cent.. 19
Stroke. ....inches.. 6 2}
Analyses.
Ash. Sulphur,
Sample tested. Lab. No.|Moisture. Per cent Per cent
Percent.| reduc- |Percent.| reduc-
tion. tion.
Raw coal, car sample. . ........... . 4363 1%.69 13.19).......... 438 |.eeninnnns
test 190. . 437 12.36 9.44 28.3 3.26 25.6
Washed coal............ test 190a.| 4621 | 13.67|  7.89 40 315 28
Refuse, test 190a.. .. ...l T2 46.50 |.......... 9.59 |oeveeiaaan
Float and sink tests.
Pem%l:)&atga of Analyses.
Size, |ameity Sink Ast Sulph
ize |gravity in sh. ulphur.
No. of test. - used |of solu- (per
(inch).| tion |Toref- t’,[‘lo t0- | cont). Per Per
used. | uge. ap?gm- Per | cent | Per | cent
. cent. |reduc-| cent. | reduc-
tion. tion.
On raw coal (preliminary):
AR 3 46| 3.29 23
b 34 3.29 23
i 31 3.33 23
b 27 3.41 22 -
........ 3.12 |........
........ 3.42 4. .......
: .45| 29.90 | 5.63 {........] 12.00 |........ 3.43 |........
........ 1.51 | 33.50 . 4.63 [........

o Loss of good coal 2.98 per cent.

BRIQUETTING TESTS.

Itlinois No. 30 (nut, washed).

Tests 225, 226, 228.—Size as used: Over 1 inch, 2 per cent; & inch to $ inch, 7
per cent; 4 inch to 75 inch, 17.4 per cent; 4 inch to 5% inch, 20.8 per cent; through
2 inch, 52.8 per cent. Briquets satisfactory; had a hard, rough exterior and broke
with a rough, uneven fracture, with crumbly edges. All briquets had a bluish color
and fracture, which showed an excess of pitch. The Renfrow briquets showed insuf-
ficient pressure. For analysis of briquets from tests 225 and 226 see page 115 (steam-

ing test 511).
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Test Test Test

225. 226. 228.
Detailg of manufacture:

Machine used. .. ...ttt Eng. Eng. |- Renf.
Temperature of briquettes. ....... .. . .. ... ... ... ....... °F.. 185 185 158
Binder—

4T w. W. g.Dp. w. g..P.

Laboratory No. (see p. 40) . 4806 4806 4806

AMOUND .« (e i ent. . . 7 8.5
Weight of—

Fuel briquetted. ... ... ... . pounds. . 6 000 6,000 6,500

Briquets, average. ... ... . i do.... 3.50 3.45 0. 463

Heat value per pound—
Fuel as recelved

11,921 11,921 11,921
Fuel as fired. .

11 977 11 977 (e)
Binder..........

16 864 16 864 16, 864

Drop test (1-inch screen) oo
Held.. ................ DY ..per-cent.. 80.2| . 8L5 47.0
T do.... 19.8 18.5 53.0

Tumbler test 1-inch screen):
15 ] Uo 75.9 79.0 82.5
Passed (fines) .................. e 24.1 21.0 17.5
Fines through 10-mesh sieve .- 82.6 85.0 95.0
Water absorption:

In13days..comeeene i e
In23days....ccccuvuunnnn ..
Average for first 5 days
Specific gravity (apparent)

aNo test.

Eztraction analyses.

: Briquets,
Pitch. Fuel. tests
225, 226.

Laboratory No 4364 4714

Air-drying loss. .. 870 5.30
Extracted by C8:

© Air-dried..... .65 6. 53

As received .. .61 6.18

Pitch in briquets, as received. ... ... ... ..ol do....|....... L 5.80

ILLINOIS NO. 31.

Bituminous coal from bed No. 6 at Warden, St. Clair County, on .
the Wabash Railroad, was designated Illinois. No. 31. The coal, as.

worked at a depth of 300 feet at this place, averages 6 feet 8 inches
1n thickness.

" One sample, shlpped under the supervision of K. M. Way, con-
sisted of screenings over a 1i-inch shaking screen, and was used in
steaming tests (on briquets) 489 and 491, and briquetting tests 185,
186, 2241, and 2371. ;

Two .mine samples were taken for chemical analysis. Sample
4250 was taken 1,000 feet southwest of the shaft, where the coal
measured 5 feet 104 inches in thickness. Sample 4251 was taken
1,600 feet north of the shaft, where the coal measured 7 feet 53 inches
in thickness,

P

S e e et
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CHEMICAL ANALYSES.
Iliinoiﬁ No. 31.

119

Steaming tests.c

Briquetting tests.b

. Car
Mine samples. N
P sample. | yg9, 41, 224f. | -237%.

Laboratory No................ 4250 4251 4376 4382 4397 [
Air-dryingloss............. [N 8.00 9. 40 L2 1 O P P N
Proximate:

Moisture. ............ooo... 13.17 14.38 13.10 14.52

Volatile matter............ 34.79 33.92 32.16 33.74

Fixed carbon.............. 41.75 42,95 .

Ash.......... 10. 29 8.75

Sulphur 3.22 3.13
Ultimate:

Hydrogen..................

Carbon...............ool

Nitrogen...

Oxygen............cooanl.

73 ) o [P ) PO

Sulphur....ooooieeiieein oo e e

Calorific value deter-{calories.
mined (as received)\B. t. u..

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

b Proximate analysis of fuel as received; ultimate analysis on dry basis.

STEAMING TESTS.
Illinois No. 31 (briquets).

Test 489. | Test 491.
Duration of test. ... ... it hours..| - 9.47 9.75
Heating value of fuel........ ... ... B. t.u. per pound dry fuel..| 12,303 12,335
Force of draft: )
Under stack damper........... et eeeeeeeeaeaaaans e eeeeaas 0.74 " 0.87
Above fire. ..o .14 .20
Dry fuel used per square foot of grate surface per hour 21.16 21.65
Equivalent water evaporated per square foot of water-heating surface per
hour. .. ...l e et et eneaaaaeaeeaeaeaas pounds.. 3.49 3.56
Percentage of rated horsepower of boiler developed...................... ... ... 97.7 100.0
‘Water apparently evaporated per pound of fuel'as fired................. pounds.. 5.84 6.09
Water evaporated from and at 212° F.: .
Perpound of fuel asfired....... ... ... oo il 7.06 7.35
Per pound of dry fuel...... ; 8.25 8.24
Per pound of combustible .. 9.81 9.77
Efficiency of boiler, including grate.............. ... 64.76 64. 51
Fuel as fired:
Per indicated horsepower hour..... ...l 4.01 3.85
Per electrical horsepower hour. . ... ... oot iiaaiaes d 4.94 4.75
Dry fuel:
Per indicated horsepower hour.................. e do.... 3.43 3.43
Per electrical horsepower hour...............c......s e, do.... 4.23 4.24

Remarks.—Test 489 on briquets from test 186; test 491 on briquets from test 185:
Fuel gave good results with thick fire; burned with a medium long flame, and gave
2 per cent black smoke. Renfrow briquets gave 47 per cent and English briquets 45
per cent clinker; brittle, porous, dark-gray color, and did not stick to grates.

BRIQUETTING TESTS.

' Tllineis No. 31 (screenings).

Tests 185, 186, 2241, 237T.¥Size as used: Over % inch, 3 per cent; {4 inch to
%} inch, 8.5 per cent; o inch to ¢ inch, 17 per cent; #5 inch to 4y inch, 24 per cent;

through 7 inch, 47.5 per cent.

Briquets were porous, with soft surfaces, rough

fracture, and easily crumbled edges. English briquets were handled from ma-
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chine without breaking. Renfrow briquets were not satisfactory, owing to low pres-
sure. This should be a good briquetting coal, although dirty. For analyses of bri-
quets see page 119 (briquets from test 185 under “Steammg test 491,”’ from test 186
. under “Steaming test 489).”?

Test 185. | Test 186. |Test 224f.| Test 2371.
Details of manufacture: '
Machme 5T Renf. Eng. Eng. Renf.
dpemture of bnquets .............. e °F.. 140 176 149 149
er—
w.g8.p. | W.g D. Ww.g.D.
4543 4683 4806
per cent. . 7 7 -8
Welght of— .
Fuel briquetted..................... e pounds..[ 12,000 12, 000 11,600 10, 000
Briquets, average................. R, do.... 0. 460 3.77 3.91 0.442
Heat value per pound—
FuelasTecelved. - ....oueeneniinainaneannnn B.t.u..; 10,393 10,393 10,393 10,393
Fuel as fired s ‘ ... 10,012 | 10,5177 10,921 11,158
BINAT. ..o L ....| 16,969 | 16,909 | 16,637 16,864
Drop test (1-inch screen):
............................................ . 64.5 79.7 24.2 34.5
Pass (27 SR do.... 35.5 20.3 75.8 65.5
Tumbler test (1-inch screen)
eld........... .do.... 91.5 78.8 43.3 80.5
Passed (fines) .d . 8.5 21.2 56.7 19.5
Fines through 10-mesh siev 94.1 75.7 65.0 87.5
Weathering test:
Time eXposed.......ovioiiiriiiiiiiiiiii i .. 11 10 oo et
Condition. ... .. i B. Aol
Water absorption:
In19days....0 i .. 14.5 9.2 e
In13daYS...uceermaieiaaiaiiann. do.feeei il 7.4 13.1
Avemge for first 3 days.. e 2.70. 1.60 1.67 1.93
Specific gravity (apparent)........... ...l 1.053 1.144 1.167 1.123
Extraction analyses.
Briquets.
Pitches, Fuel. Test | Test | Test | Test
! 185. 186. | 224t. | 237f.
Laboratory No...................... 4543 4683 4806 4376 | 4397 4382 4830 4890
Air-dryin, g loss.....coon..n pereent. . f... ..o foeeiiifoniaiaa 9.70 8.00 | 11.10 4.70 2.80
Extracted by CSz: -
Airdried.................. do.... ........................ .49 7.07 6.99 7.05 7.80
Asreceived............... ..| 99.66 | 89.31 ] 96.90 .44 6,50 6.21 6.72 7.58
thch in bnquets, ag received. do [ PR U I AU 6.11 5.86 7.08 7.41

. ILLINOIS NO. 33.

Bituminous coal from bed No. 7 at Trenton, Clinton County, on the
Baltimore and Ohio Railroad, was designated Illinois No. 33. This
coal, as worked at a depth of 320 feet at this place, averages 5 feet 3
inches in thickness. i

One sample, shipped under the supervision of K. M. Way, con-
sisted of screenings through a 14-inch shaking screen, and was used in
steaming test 513 and briquetting tests 206, 207, 210, and 2357.

‘Two mine samples were taken for chemical analysis. Sample 4384
was taken 1,800 feet west of the shaft, where the coal measured 5 feet
6 inches in thickness. Sample 4385 was taken 2,000 feet northwest
of the shaft, where the coal measured 5 feet in thickness. "
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CHEMICAL ANALYSES.
Illinois No. 33.

Steam- | Briquet-
Mine samples. ing test | ting test
513.a 235t.b
Laboratory No. .. ... 4384 4385 4728 4888
AQr-drying 1oSS . - v oot 4.70 4.80 |.......... 3.90
Proximate: .
MOISEUTC. . oo e 14.45 15.06 11. 50 9.47
Volatile matter. .. 76 28.25
Fixed carbon............... ...l . 3 40.75
ASN. oo .. . 6 . 5 21.53
101 1) (100 R . . . 1.56
Ultimate:
Hydrogen 3.93
Carbon. .. ..oooiiiei i 60.07
Nitrogen, . . 1.03
(0314751 s F N e . 3 9. 47
TASN . L .. . . 23.78
Sulpiur - . 1.72
Calorifie value determined (as received)............ {ﬁ“%rlﬁs g; ;;‘;?

¢ Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car samples.
b Proximate analysis of fuel as received; ultimate analysis on dry basis.

STEAMING TEST.

Ilinois No. 33 (screenings).

Test 513.¢

Duration of Test. ..o it hours. . 8.68
Heating value of fuel . u. per pound dry fuel.. 11,099
Force of draft:

Under Stack AaMPer. ..ottt i inches water. . 1.01

ADOVE fITC . - oottt s do.... .10

Inash pit (foreed draft) ... ... o o i .34
Furnace temperature. ... ... ieieeeeeeeieaaaaan oF.. 2, 465
Dry coal used per square foot of grate surface per hour.........oooooiiiiiaaiaan. pounds. . 26. 41
Equivalent water evaporated per square foot of water-heating surface per hour...... do.... 3.23
Percentage of rated horsecpower of boiler developed. .. ... .. .o iiiiiiiiiii i 90.7
Water apparently evaporated per pound of coal asfired....................... ... pounds. . 4.49
Water evaporated from and at 212° F.: :

Per pound of fuel as fired...... e 5.43

Per pound of dry fuel...... 6.13

Per pound of combustible.... 8.53
Efficiency of boiler, including grate 53.34
Fuel as fired: :

Per indicated horsepower hour . 5.21

Per electrical DorsepOwWer NOUT . ... ittt e aaals do.... 6.43
Dry fuel:

Per indicated horsepower hour 4.01

Per clectrical horsepower hour 5.69

a Ou English briquets.
BRIQUETTING TESTS. .
Tllinois No. 33 (screenings).

Tests 206, 207, 210, 2351.—Size as used: Over § inch, 2.0 per cent; ¢ inch to } inch,
9.8 per cent; o inch to f inch, 26.4 per cent; gy inch to 75 inch, 27.0 per cent;
through 4 inch, 34.8 per cent. The surface of all briquets was soft, fracture ragged,
and edges easily broken. Greater percentage of binder had no apparent effect on
appearance. Increased moisture content made a very soft, warm briquet, which
hardened on cooling with a harder surface than those with less moisture. For analy-
ses of briquets see above (briquets from tests 206 and 207 under “ Steaming test 513"").
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'

; Test 206. | Test 207. | Test 210. [Test 235¢.
Details of manufacture: L °
Machineused.............o.....o. et eeeeeenaaeaaaaa Eng. Eng. Renf. Renf.
Temperature of briquets..._ ... ... ... ... ... . ... °F.. 149 149 158 167
Binder—
Kind. ..o W.g.p. | wW.gDp. | w.g.p. w.g.p.
Laboratory No. (see p. 40). 4618)3 %G}S)S 84653 %8}))6
Amount..... ...l e .. 7 6 7 8
Weight of— !
uel briquetted............ ... .. .. .. ... .. 7,000 6,000 15,000
qluets ,average e do.... . 4.12 0.474 0.484
Heat value per pound.
Fuel as recelved 7,634 7,634 7,634
Fuel as fired. 9,823 (a) 9 761
Binder....... 16,637 16,637 16 864
Dro? test (l’inch screen
.................. .. 5 61.8 74.5 34.5
Passe .............................................. do.... X 38.2 25.5 65.5
Tumbler test (1-inch screen): ]
Held. ... . 60.3 94.0 89.5
Passed (fines).................. ..do.... . 39.7 6.0 10.5
Fines through 10-mesh sieve U . 72.1 90.8 94.7
‘Water absorption:
In10days. ..o . 9.4 11.1 6.5
Average for first 3 days . . .. 3 2.40 2.93 1.70
Spec1ﬁc gravity (appa.rent) 1.280 | 1.232 1.298
aNo test.
Ezxtraction analyses.
Briquets.
Pitches. Fuel., | ————mm————————
Test 206. |Test 235¢.
Laboratory NO. .. ..oiiii i 4683 4806 4385 4728 4888
Air-drying loss.......... ...l percent..|... ... R 4.80 5.50 3.90
Extracted by C8s:
Adr-dried........ ...l do...foeiiiiieea - 0.29 5.22 7.66
Asreceived ... ... ... lioiiioiiiillls do.... 89.31 96.90 0.28 4.93 7.42
Pi%ch in briquets, as received................ s s T PN SO IS 5.23 7.40

ILLINOIS NO. 34.

Bituminous coal from bed No. 5 at Harrisburg, Saline County, on
the Big Four System, was designated Illinois No. 34. The coal, as
worked at a. depth of 165 feet at this place, averages 7 feet 1 inch in
thickness.

Two samples were shipped under the, supervision of K. M. Way, as
follows: Illinois No. 34 A consisted of screenings over a 1%-inch
shaking screen, and was used in washing test 196. Illinois'No. 34 B
consisted of run-of-mine coal, and was used in steaming test 509,
washing test 197, and coking test 190.

Two mine samples were taken for chemical analysis. Sample 4413
was taken 2,000 feet southwest of the shaft, where the coal measured
7 feet 3 inches in thickness. Sample 4414 was taken 1,000 feet north

of the shaft, where the coal measured 6 feet 11 inches in thickness.
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CHEMICAL ANALYSES.
Illinois No. 34.

- Car samples. Steam-
Mine samples. ing test
A. B. 509.6 .
Laboratory No. ... ... 4413 4414 4636 4622 |..........
CAir-drying 1oss. .. ..o 4.20 |...oo.oel 6.60 5.80 |..........
Proximate:
7.55 7.51 - 9.33 7.81 6. 56
33.85 32.81 30.92 33.54 34.15
51.45 52.20 47.86 50.27 51.57
7.15 7.48 11.89 8.38 7.72
1.56 1.58 2.76 2.36 2.17
Ultimate:
Hydrogen... ... e 5.12 5. g(l)
(0729 4 1713 | H R RSN . 62. 85 67.
NIErOgen . ..o . 1.29 1.44
(004713 PSPPSRI PR . 16.09 15.11
Ash.... e .
Sulphur..
: N : 7,048 29 ,899 |
Calorific value determined (as received) { tou. 120686 11,572 12,418

¢ Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
STEAMING TEST.

Ilinois No. 34 B (run of nﬁne).

N Test 509.

Size as used: - . . )

L35S o U 3T« per cent.. 44.3

%inch to linch... : do.... 22.8

inch to % inch... do 13.4
nder tinch..... ..do.... - 19.5

Average diameter inches..| 1.23
Duration of test. ... ... ...l hours. . 9.00
Heating value of coal. ... .. ... i B. t. u. per pound dry coal.: 13,621
Force of draft: .-

Under stack damper 0.83

Abovefire.. ... . .. i .. .22
Dry coal used per square foot of grate surface perhour..................... ... .. .. 21.50
Equivalent water evaporated per square foot of water-heating surface per hour .. 3.70
Percentage of rated horsepower of boiler developed. ............. ...l 106.2
Water apparently evaporated per gound ofcoalasfired.......................... 6.80
Water evaporated from and at 212° F.:

Per pound of coal as fired..... e . .- 8.24

Per pound of dry coal.. .- 8.82

Per pound of combustible.. 9.79
Efliciency of boiler, including gra: 62.53
Coal as fired: .

Per indicated horsepower hour. ...........c.ooiiiiiiiiiiii... .. 3.43

Per electrical horsepower NOU. ... ... i i d 4.24
Dry coal:

Per indicated horsepower hour. .. .. ..o i iii i i e do.... 3.21

Per clectrical horsepower hour. ... .. e do.... 3.96

WASHING TESTS.
Illinois No. 34.
Test 196 | Test 197 Test 196.] Test 197
(A). (B). (A). (B).
]S)ura,tion célf te:ﬂ;r ______ hours.. 43 ]2 Raw coal...... PR .dtons. . 23. gg . g{
ize as used..through screen..| 1inch. 1inch. ...do.... 19. 11.

Jig adjustment: & Washed coal......... {pcr cent. . 80 85

Make or number.......... Special. | Special. Refuse {;:)ons ..... - 5.10 2.19

Speed ... p.m.. 70 70 ) TRt er cent. . 20 15

Stroke........... inches. . 23 24 :
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Analyses.
Ash. Sulphur.
Sample tested. Lab. No. I:;Iuori:' ’ Per cent- Percent
"7 | Percent.| reduc- |Percent.| reduc-
tion. tion.
Raw coal, car sample . 4636 9.33 11.89 {.......... 2,76 |oioeeon...
A{Washed coal, test 196. 4709 8.68 77.44 37 2.19 21
Refuse.............. 9.29 58.43 |.......... 1.9y ...
Raw coal, car sample. 4622 7.81 838 |.......... 2.306 |ocennnn..
B{Washed coal, test 197 4628 10.12 6. 52 21 1.76 26
Refuse : 15. 35 61.00 |.......... 1590 |..........
Float and sink tests.
Percentage - Analyses.
(S;Pﬁe‘; of float—
No. of fost Sizg gra,v} ?ink Ash, ) Sulphur.
0. of test. use: 1ty o per }

(inch).| solu- | 7o reg-| 19 t0- | cent). Per Per
tion | uge. tal Per | cent Per | cent
used. sample. cent. | reduc- | cent. |reduc-

: tion. tion.
On raw coal (preliminary):

Lot 4 136 16 6.07 49 1.90 31
A2l 4 14 12 6.12 48 1.83 34
b 2 H 1.45|. 10| 7.06 41 2.18 21
4o 3 151 8 7.10 40 1.97 29
| 1 1.35 |. 13 5.91 29 171 28
B2 1 1.41 |. 10 6.15 27 1.64 31
 JE 1 1.46 |. 8 6.20 26 1.68 29
..................... 1 1.51 |. 8 7.23 14 2.17 8

1.35 6.95 2.05

1.41 7.78 2.33

1.45 9. 58 2.45

1.51 11.20 3.05

1.35 6.27 |. 2.36

1.40 5.99 |. 2.50 |.
1.45 7.40 2.79

a Loss of good coal, 2.52 per cent. .

b Figures indicate that finer crushing is advantageous. Loss of ‘‘good coal’’ in the refuse will not
exceﬁddlis {)er cent. By ‘‘good coal’’ is meant all coal of a quality equal to or better than that of the
washed coal. 4

COKING TEST.
Illinois No. 34 B (run of mine).

Test 190.—Size as used, washed, finely crushed. Duration of test, 51 hours. Coal
charged, 12,980 pounds. Coke produced, 6,523 pounds; 50.25 per cent. Breeze
produced, 316 pounds; 2.43 per cent. Total yield, 52.68 per cent. Coke, light
gray and silvery. Yield low on account of burning to obtain heat; could be easily
increased on better acquaintance. Good coke, but sulphur a little high.

Analyses.
Coal. | Coke.
Moisture.......... N SN 9.91 0.19
Volatile matter ) 33.33 .35
Fixed carbon.. 50. 65 87.91
6.11 11.55
1.75 1.48
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INDIANA.
INDIANA NO. 1.0

A sample of bituminous screenings (through 1-inch screen) from
Mildred, Sullivan County, on the Evansville and Terre. Haute Rail-
road, was designated Indiana No.1B. This sample was used in
briquetting test 217*f. :

N

CHEMICAL ANALYSES.
Indiana No. 1 B.

Briquettin . Briquettin

tesf(;1 217*1.@g tcstt;l 217*1.41g
Proximate: . Ultimate: - :

Moisture..............ooL 8.29 Hydrogen 4.43
Volatile matter. .. 30. 55 Carbon........... .. 68.76
leod ca,rbon ..... ; 47.01 " Nitrogen .. 1.19
............ 14.15 Oxygen .. - 7.59
Su]phur .......................... 238 Ash.............. . 15.43
. . Sulphur 2.60

¢ Proximate analysis of fuel as received; ultimate analysis on dry basis.
- BRIQUETTING TEST.
Indiana No. 1 B (screenings).

Test 217%t.—Size as used: Over -inch, 5.0 per cent; 5-inch to -inch, 12.4 per cent;
#5-inch to {y-inch, 22.4 per cent; &~inch to F4-inch, 23.4 per cent; through %-inch,
36.8 per cent. Briquets with 8.5 per cent binder on Renfrew machine satlsfactory
when fuel was very dry; excess of moisture made a briquet that was soft when warm
~and crumbled easily when cold. Briquets had a porous, dull surface; rough fracture

with ragged edges, but tough and hard, producing a small amount of slack in handlmg, ‘

showed no evidence of sticking together when piled warm.

Details of manufacture: Dro%tcst (1-inch screen):
Machine used........................ Renf. ||  Held................o... per cent.. 54.5
Temperature of briquets........ °F.. 141 Passed.......o.oiiiiiiiiiiia. do.... 45.5
Bin er—- Tumbler test (i-inch screen)
ind...o.oo.oooli w.g.p. Held......oooiiiiiiiiae, do.... 86.5
Labomtory No. (see p. 40)....... 4683 Passed (fines) - ................ do.... 13.5
Amount............... per cent.. 8:5 Fines through 10-mesh sieve...do.... 95.0
Weight of— ‘Water absorption:
Fuel briquetted.................. 88,000 || * In22days......c...cviiann... do.... 14.0
Briquets, average...... percent..| 0.485 Average for first 5 days....... do.... 1.92
Heat value per pound— Specific gravity (apparent).............. 1.114
Fuel as received......... B.t.u..| 9,866
Fuel as fired sdo.ooll] 11,444
Binder-...........ccee..... ....| 16,637 ,

Eztraction analyses.

. . Briquets,

Pitch. Fuel. |iooe 2174

LADOIALOTY NO- .ottt e L 4683 4500 4680

Air-drying 1oss. . ... i percent..|.......... 1?. 90 3.60
Extracted {f, by CSq:

Air-dried 1R R .81 7.35

As received 89.31 .69 7.08

Pitch in briguets, as received J P 7.21

e Tor other tests of fuel from this mine, made during 1904, see Bull. U. 8. Geol. Survey No. 261, 1905,
Dp- 33, 80, 94, 119,123, and 154; and Prof. Paper U. 8. Geol. Survey No. 48, 1906, pp. 63; 212, 473, 1068,
1336, 1438, and 1463.




126 REPORT U. S. FUEL-TESTING PLANT, 1906-—T.

INDIANA NO. 5.¢

A sample of bituminous screenings ' (through 1}-inch bar screen)
from Hymera, Sullivan County, on the Evansville .and Terre Haute
Railroad, was designated Indiana No. 5 B, and was used in briquet-
ting tests 229% and 230%7.

CHEMICAL ANALYSES.
Indiana No. 5 B.

Briquetting tests.a ! Briquetting tests.e
220x | o230%. | ' 220+, | 230%.
Proximate: . ' i| Ultimate:

Moisture. ... ............ 7.27 6.34 Hydrogen 4. 49 4. 62
Volatile matter.......... 37.73 37.53 Carbon...... 68. 47 68. 06
Fixed carbon............ 4.37 44.74 Nitrogen..... 1.13 1.10
As 10.63 11.39 Oxygen. e 9.80 8.96
Sulphur.................. 4.29 4.76 I Ash............ 11. 49 12.18
! Sulphur .................. 4.62 5.08

i

a Proximate analysis of fuel as received; ultimate analysis on dry basis.

BRIQUETTING TESTS.
Indiana No. 5 B (screenings).
Tests 229% and 230*t.—Size as used: Over } inch, 1 per cent; 4 inch to } inch, 5.6
per cent; & inch to {5 inch, 11.8 per cent; 7 inch to 4 inch, 20.4 per cent; through

75 inch; 61.2 per cent. The briquets were identical in character with those made
from Indiana No. 1 B (p. 125) and Indiana No. 6 B (p. 127).

Test Test Test Test
N 220%, 230%t. 229%, 230%t.
Details of manufacture: Details of manufacture—Con.
Machine used............ Eng. | - Renf. Heat value per pound—
’l‘emperuture of bnquets, Con.
..................... 176 140 Binder...... B.t.u.. 16,864 16,864
Binder— Drop tést (1-inch screen):
Kind................. w. g. p. W.g8.p- eld........... per cent.. 81.6 50.0
Laboratory No. (see Passed............ do.. 18.4 50.0
pA0) .l 4806 4806 || Tumbler test (1-inch screen)
Amount ...per cent.. 7 9 Held........... per cent.. 79.3 81.5
Weight of— . Passed {fines)..... do.. 20.7 18.5
Fuel briquetted, Fines through 10-mesh
pounds............ 24,000 30,000 sieve......... per cent. . 72.5 92.3
Briquets, average, Water absorption:
pounds............ 3.69 0. 424 In 13 days......... do.... T4 |.o.o....
Heat value per pound— In23 days......... do....|.ecenial, 13.8
Fuel as received, . Average for first 5 days,
B.t.u..o....ooo... 10,822 10,822 reent.........o...... 1.20 1. 86
Fuel as ﬁred B. t. u. 11,945 12,046 || Specific gravity (apparent).. 1 078 1.097

Estraction analyses.

Briquets
Pitch. Fuel.
N Test
‘ Test 229* 230+
Laboratory No.............. e e 4806 4708 4822 |..........
Air-drying 1oSs. ... ... ... oiciiiiaiioieeo..pereent. | oL oL 10.00 |oeoecerinfennonnnnnn
Extracted by CS;: :
Air-dried....... . ... ..oiiiiic.dolldiill 146 |oooeeoio i fieeaaann.
Asreceived.. ... ... ... feenae L. 96. 90 1.81 6.87 8.50
Piteh in briquets, asreceived.................oiioooodoi i eeeeaaal. 5.82 7.52

o Tor other tests of coal from this mine, made during 1905, see Bull. U. S. Geol. Survey No. 290, 1906,
pp. 10-102.
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INDIANA NO. 6.0

Bituminous screenings (through 1}-inch bar screen) from vein No.
4 at Hymera, Sullivan County, on the Evansville and Terre Haute
Railroad, were designated Indiana No. 6 B, shipped uninspected,
and used in briquetting tests 220% and 227+. 4

CHEMICAL ANALYSES.

Indiana No. 6 B.

Briquetting tests.e Briquetting tests.a

220%, 227, 220%. 227t.

Proximate: Ultimate:

Moisture. ................ 5.84 5.72 Hydrogen . 5.04 4.76
Volatile matter . 38.08 37.83 Carbon 70. 61 60. 48
TIXOd carbon, 44.22 43.16 Nitrogen 1.14 1.07
........ 11.86 13.29 Oxygen 5.85 8.42
Sulphm 4.49 4.87 Ash. .. 12,59 14.10
Sulphur 4.77 5.17

o Proximate analysis of fucl as received; ultifnn,te analysis on dry basis.
' BRIQUETTING TESTS.
Indlana, No. 6 B (screemngs)

Tests 220*, 2271.—Size as used: Over - mch 1.2 per cent ty-inch to %-inch, 5.6
per cent; % inch to ¢ inch, 10.2 per cent; 5 inch to 54 inch, 20.4 per cent;
through gy incli, 62.6 per cent. Renfrow briquets were similar to those made from
Indiana 1 B coal. Seven per cent binder gave satisfactory English briquets when
cnal was thoroughly dried; otherwise briquets were soft and easily broken when cold.
Briquets were soft and spongy when warm, although cohesive enough to be handled
without breaking. When cold they became tough with porous surfaces, rough frac-
tures, and ragged edges. .

Test Test . Test Test
220%. 227%. 220% 2274.
Details of mu,nufacture Details of manufacture—Con.
Machine used............ Renf. Eng. Heat value per pound—
Temperature of briquets, Con. X
R0 D 140 168 Binder . B.t.u.. 16, 864 16, 864
Binder— Dro%test (1- -inch’ screen):
Kinde.....co....oo... w.g.p.| w.gp.| Held........... per cent. . 58.5 83.7
La,bomtory No. (see Passed ........ per cent. . 4.5 16.3
PA40) . 4806 |. 4806 || Tumbler test (1-inch screen): .
Amount ...per cent.. 8.5 .7 Held........... per cent.. 84.0 8L.2
Weight of— ) Passed (fines). ....do.. 16.0 18.8
Fuel briquetted, Fines through 10-mesh”
pounds ............ 64, 000 8,000 sieve........ per cent.. 90.0 78.3
Briquets, average, Water a.bsorptlon
pounds............ 0. 484 3.84 In13 days......... do 12.5 6.7
Heat value per pound— . Average for first 5 d&ys
Fuel us recéived, er centb................ 2.04 1.06
B.t.u.......... 10,987 10,087 || Specific gravity (apparent).. 1.083 1.156
Fuel as ﬂred B.t.u. 12,132 11,839

a For other tests of coal from this mine, made durmg 1905, see Bull. U. 8. Geol. Survey No. 290, 1906,
pp. 102-105. .



128 REPORT U. S. FUEL-TESTING PLANT, 1906-7.

Extraction analyses. -

i ) Briquets.

Pitch. Fuel. |—mm

Test 220%.|Test 2271,

Laboratory NO. ... it 4835 4872

AQr-Arying 0SS .. ..o it 3.30 2.70
Extracted by CS,: ’

Air-dried. .. e e . 8.38 7.68

Asreceived............... . . . 8.10 7.47

Pitch in briquets, as received 7.64 6.99

INDIANA NO. 12.

Bituminous coal from Hartwell, Pike County, on the Southern
Railway, was designated Indiana No. 12. The coal, as worked from
the outcrop at this place, averages 4 feet 10 inches in thickness.

This sample, shipped under the supervision of W. J. Von Borries,

consisted of run-of-mine coal, and was used in making steaming tests -

299, 300, and 310 (on washed coal) ; producer-gas test 99; washing test
145; coking tests 108 (raw), 109 (washed), and 110 (washed); and
cupola test 121 (washed coal). )

Two mine samples were taken for chemical analysis. Sample
2701 was taken 1,200 feet nothwest of the opening, where the coal
" measured 4 feet 9 inches in thickness. Sample 2702 was taken 900
feet northwest of the opening, where the coal measured 5 feet in
thickness. ’

CHEMICAL ANALYSES.
Indiana No. 12.

Steaming tests.a
Mine samples. Car samples.
- 299. 300. 310.
Laboratory number........... 2701 2702 2759
Air-dryingloss..:.............. 8.20 8.50 6. 40 .
Proximate:
Moisture................... 11.29 11.10 10. 57 12.99 12.81 12.41 12.87
Volatile matter............ 38.35 33.48 34.12 35.85
Fixed carbon.............. . 49 39. 63 39. 61 43.34
. 87 14.08 13. 86 7.94
09 3.84 4.21 3.02
4.54 4.54 5.00
65. 66 65. 61 72.27
~1.26 1.26 1.39
7.99 7.96 8.76
16.15 15.82 9.11
4.40 4.81 3.47
Calorific value (as received): :
Dotermined.... {GONS% | HORY oo
Calculated from . SRR
ultimate anal- }(]33&1%1’138. -
SIS ceiiinaaal. T e

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TESTS.

Indiana No. 12 (run of mine). .

129

N Test 310
‘ Test 299. | Test 300 (w.).
Size as used: :
Overlinch.............coooiiiiiiiiiiiiiiaa. . 27.5 30.5 28.9
4 inch to 1inch... 21.8 24.3 24.8
%inch todinch....:...... 18.3 18.9 23.6
nder } inch..... 32.4 26.3 2.7
Duration of test..... 10.08 10. 05 9.48
Kind of grate........ Rocking.| Rocking.|..........
Heating value of coal...................... 12,116 12,1, 13,271
Force of draft:
Under stack damper................oooooiiaa. et inch water.. 0.50 0.54 0.49
ADOVE fire. cene e e do.. .16 .19 .11
Furnace temperature LLLOFL 2,359 | 2,397 2,722
Dry coal used per square foot of grate surface per hour........ pounds. . 22.99 25.13 19.04
Equivalent water evaporated per square foot of water-heating surface
perhour......... Leaeea et semaeaeceaaesaenaaaaaaan pounds. . 3.32 3.7 3.49
Percentage of rated horsepower of boiler developed..................... 93.1 103.9 97.8
Water apparently evaporated per gound of coal as fired pounds 5.85 5.99 6.69
Water evaporated from and at 212° F.: .
Per pound of coal as fired 7.02 7.20 8.00
Per pound of dry coal.... 8.05 8.22 9.18
Per pound of combustible . 9.78 10.02 10.29
Efficiency of boiler, including grate............................ 64.16 65. 44 66. 80
Coal as fired:
Per indicated horsepower hour............................. 4.03 3.93 3.53
Per electrical horsepower hour........... e, o 497 - 4.8 4.36
Dry coal:
Per indicated horsepower hour................. e do.... 3.51 3.44 3.08
Per electrical horsepower hour...........oooiiiviiiiiiiniaan, do.... 4.34 4.25 3.80

PRODUCER-GAS TEST.

Indiana No. 12 (run of mine).

Test 99.—Size as used: Over 1 inch, 47 per cent; 4 inch to 1 inch, 23 per cent;
tinch to § inch, 12 per cent; under } inch, 18 per cent. Duration of test, 50 hours;
average electrical horsepower, 194.4; average B. t. u. per cubic foot of gas, 149.4;

" total coal fired, 17,200 pounds.

' Coal as Dry Com-
fired. coal. |bustible.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: o
Commercially available....... 1.86 1.66 1.43
Developed at switch board. 1.77 1.59 1.36
Per brake horsepower: .
Coramercially available. . e 1.58 1.41 1.22
Developed &t eNZINe. ..o iieiitiiait it 1.50 1.35 1.16
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Coramercially available. ... 1.97 1.76 1.52
Developed at switch board 1.87 1.68 1.4
Per brake horselzlpower:
Commercially available..... 1.67 1. 50 1.29
Developed at engine................ e, . 1.59 1.43 1.23
Analyses.
Coal. Gas by volume.

Moisture.... . 10.42 | Carbon dioxide (CO3)

Volatile mat . 36.29 | Carbon monoxide (CO).
Fixed carbon. . 40.75 | Hydrogen (Hg).......
Ash..... . 12.54 | Methane (CHy)...
Sulphur.. 3.96 Nitro%en (Ng)....
Eithylene (C2Hy)

19698—Bull. No. 332—08——9

P
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WASHING AND COKING TESTS:
Indiana No. 12 (run of mine). -

Washing test 145.—Size as used, crushed to 2-inch. Jig used, Stewart. Raw coal,
40,000 pounds; washed coal, 35,060 pounds; refuse, 4,940 pounds.

Coking tests.

Size as used

Duration of test ur; ‘37 . ‘35
Coal charged............. pm:lnds . lg,ggts) 12,382 1%,:;0005';
....do.... y )y
Coke produced. ... ...l et per c%nt. : 52 58 55 04 55,96
; pounds... 464 255 296
Breeze produced per cent. . 4.64 2.55 2.47

Total yield. ... o e do.... 57.22 55. 59 55. 43

Remarks.—Test 108: Light-gray color; some little silvery; breakage, good-sized
pieces; cell structure rather large; high ash and sulphur Test 109: Light gray and

- silvery; better than coke from raw coal; breakage, good-sized pieces; cell struc-
ture rather large; good weight; sulphur not much reduced by washing. Test 110:
Light gray and silvery; practically same as test 109; breakage little better, larger
size; cell structure not quite so large; good weight coke; sulphur not materially

reduced by washing.
. Analyses.

Washing test 145. | Coking test 108. | Coking test 109. | Coking test 110.

Raw | Washed

coal. coal. Coal. | Coke. Coa..l‘ Coke. | Coal. Cok_e.

Moisture.............ooooiall 10. 57 14.16 | 11.77 0.88| 13.79 0.60 | 12.82 0.42

Volatile matter .| 3503 | 33.78 1 0.62 | 3543 1.15| 37.25| 1.03
“Fixed carbon............... | 275 ... 40.00 | 75.95| 42.75| 84.32 | 41.52 84.37
Asho ..l .| 11.65 7.85 | 14.45| 22.55 803 | 13.93 8. 41 14.18
Sulphur............... e 3.87 3.29 4.32 3.84 3.22 2.86 3.33 2.89

Cupola test of coke made from Indiana No. 12 coal (washed).

CHARGE.
Coke.e N Divisions of charge.
Cupola, }%tmd'
test | ;g |[Specific] Ratio stg’i Material. . Total.
No. No grav- | iron fullp 1. 2. 3. 4. 5.
: ity. [tocoke. . :
Per ct. Lbs. Lbs. Lbs. Lbs. | Lbs. | Lbs.
Coke........ 180 63 63 62 62 430,
121 110 1.87 7| 96.53 KPigiron..... 540 428 428 427 427 | 2,250
Serap....... 180 143 143 142 142 750
o Sulphur in ash, 0.06 per cent.
RECORD OF MELT.
Blast pressure: - ‘Weight of iron. Melting. Recovered.
Iron .
Cupola : .
test Maxi-| mos Addi-- . Rate Pi‘l?'glllo
No. |. Onat— | ol in "€ .|Poured.| tional | Total.| Time. | per to | Loss. |Iron. [Coke.
. melted. hour. coke.
. Oz. M. | Lbs. Lbs. | Lbs. | Min. | Los. Per ct.| Lbs. | Lbs.
121 | 10.42a.m... 7 121 1,752 199 | 1,951 25| 4,682 | 548 | 6.57 | 852 74
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Cupola test of coke made from Indiana No. 12 coal (washed)—Continued.

LADLE RECORD.

Test 121. Test 121,
Ladle No. . Ladle No, "
> Time > Time
Pounds. | (. ‘m.). . b Qunds. (8. m.).
80 10.57 76 11.09
77 10.58 106 11.10
110 10.59 100 11.104
. 11.02 32 11.11
83 11.02% 102 11.13
11.03 96 11,134
106 11.05 49 11.14
95 11.05% 24 11.15
57 11. 06 27 11.16
99 11.08 11.18
95 11.08% 126 11.19

Remarks.—Test 121: Ir(;n dull:

INDIANA NO. 13.

Bituminous coal from bed -No. 6 at Terre Haute, Vigo County, on
the Vandalia line, was designated Indiana No. 13. The coal, as
worked at a depth of 65 feet at this place, averages 5 feet 3 inches in

- thickness.

One sample, shipped under the supervision of J. W. Groves, con-
sisted of run-of-mine coal, which was used in steaming tests 432 and
433 and producer-gas tests 132 and 138.

. Two mine samples were taken for chemical analysis. Sample 3467
- was taken 3,000 feet south of the shaft, where the coal measured 4 feet
104 inches in thickness. Sample 3468 was taken 3,000 feet southwest
of the shaft, where the coal measured 5 feet 8 inches in thickness.

.

CHEMICAL ANALYSES.

Indiana No. 13.

Car Steaming tests.e
Mine samples.
' sample. | a0 433,
Laboratory No... 3467 3468 3748 |...
Air-drying loss. .. .8.00 8.30 5.60 |...
Proximate:
MOIStUTe. oo v e i 13.43 13.88 12,97
Volatile matter 36.72 35.89 37.45
Fixed carbon....... 42,51 41.54 39. 67
Ash._ ...l 7.34 8.69 12.09
SUIPhUr. . i 2.16 3.26 3.18
Ultimate:
Hydrogen........ooooiiiiiiiiiii e 5.68
Carbon. . 59.84
Nitrogen. .82
Oxygen 18.49
7 D PR
Sulphur..............o il . I
Calorific value determined (as received)..{(]’?:lg.l"l?_s:: 1(13: ﬁg s 18; ggg

e Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TESTS.
Indiana No. 13.

. . Test 432. | Test 433.

Size as used: -

Over 1ineh. ..o

4inch to linch.....

4inchto%inch.....

Under ¢inch.......

Average diameter
Duration of test._....
Heating value of coal
Force of draft: - .

Under stack damper...... e eteeaeaaaaan U, inch water..| =~ 0.69 0.74

Above fire. ... i do.... .13 .16
Furnace teIPerature. - . ... ..coue i et °F.. 2,290 | . 2,260
Dry coal used per square foot of grate surface per hour.................. pounds.. 19. 90 20.52
Equivalent water evaporated per square foot of water-heating surface per hour,

LT 1T £ 3.42 329
Percentage of rated horsepower of boiler developed 95.8 92.1
Water apparently evaporated per pound ofcoalasfired................. pounds.. 6.45 5.97
Water evaporated from and at 212° F.: .

Perpound of coal as fired. . ... .o i i do.... 7.50 6.93

"Per pound of dry coal...... ..do.... 8.60 8.02

Per pound of combustible. . do 10.23 9.70
Efficiency of boiler, including grate. . T cent 66. 46 61. 58
Coal as fired:

Per indicated horsepower hour 3.7 4.08

Per electrical horsepower hour 4,65 5.04
Dry coal:

Per indicated horsepower hour .. 3.29 3.53

Per electrical horsepower BOUT. ...« ..o ieii i iiiiiiiaaene.. e 4.06 4.35

PRODUCER-GAS TESTS.

Indiana No. 13 (run of mine).

Test 132. | Test 138.

Size as used:

Overlinch..... per cent. . 36 54

4inch to 1 inch .do.... 24 26

4 inch to % inch do.... 16 12

Under % inch.. ...do.... 24 8
Duration of test................ ..hours.. 50 24
Average electrical horsepower................. ... 160.0 189.8
Average B. t. u. per cubic foot of gas. . 1319 L 178.0
Total coal fired............. ... ... e . 15,300 6,750

Test 132. Test 138.
- Coal as Combus-| Coal as. Combus-
fired. [PTY €08k “yiple. | fired. (PTY 008k “iipje.
Coal consumed in producer per horse- -
power hour (pounds).

Per electrical horsepower:

Commercially available............... 2.02 1.79 1.52 1.56 1.38 121

Developed at switchboard ........... 1.91 1.69 144} . 1.48 1.32 1.16
Per brake horsepower:

Commercially available............... 1.72 1.52 1.30 1.32 1.18 1.03

Developed at engine............. ... 1.63 1.44 1.23 1.26 1.13 0.99

Equivalent used by producer plant

. (pounds,

Per electrical horsepower: -

Commercially available............... 2.21 1.95 1.66 1.68 1.50 1.32

Developed at switchboard ........... 2.09.) 1.85 1.67 1.61 1.44 1.46
Per brake horsepower: . .

Commercially available......... PO 1.88 1.66 1.41 1.43 1.27 1.12

Developed at engine..........:....... 1.77 1.57 1.33 1.39 1.22( - 107
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Analyses.
Test 132. | Test 138. o Test 132. | Test 138.
Coal. . Gas by volume.

Moisture....... . F. 11.53 10.70 || Carbon dioxide (COg)....... 12.5 10.9
Volatile matter. .. 34.80 35.58 || Carbon monoxide (CO) .. 14.9 18.0
Fixed carbon... .. 40. 44 42.85 || Hydrogen (Ho)......... 12. 15.2
Ash.....ooooiiio 13.23 10.87 || Methane (CHy)..... 1.9 1.9
Sulphur...... ... ... 3.11 3.06 || Nitrogen (Ng)...... 57.5 53. 6
Oxygen (Og)........ . 0 .0

Ethylene (Cs Hy) 4 .4

INDIANA NO. 14.

Bituminous coal from bed No. 3 at Seelyville, Vigo County, on the
Vandalia line, was designated Indiana No. 14. The coal, as worked
at a depth of 90 feet at this place, averages 7 feet 5 inches in thickness.

One sample, consisting of run-of-mine coal, shipped under the
supervision of F. B. Tough, was used-in steaming tests 430 and 431 and
- producer-gas test 131. o

Two mine samples were taken for chemical analysis. Sample
3491 was taken 2,400 feet northeast of the shaft, where the coal
measured 7 feet 5} inches in thickness. Sample 3492 was taken 900
feet southeast of the shaft where the coal measured 7 feet 61 inches
in thickness. ,

CHEMICAL ANALYSES. -

Indiana No. 14.

Car Steaming tests.e
Mine samples.
sample. 430. 431,

Laboratory No. ..ottt i 3491 3492 3775 {....... R P
Air-drying loss........ . 8.70 7.00 370 |oeoee i
Proximate: .

Moisture................. e 13.62 11. 46 7.88 8.52 9. 39

Volatile matter.............. .. y 38.21 37.45 36. 85 35.99 33. 58

Fixed carbon..... et L 41.06 40. 39 41.07 41.10 36. 89

Ash.o..o ... R 7.11 10.70 14.20 14.39 20. 14

Sulphur........... 3.28( 5.45 5.14 5.62 5.47
Ultimate:

Hydrogen 5,22 4. 66 4.28

Carbon... 59.75 64.15 58. 90

N\trogen R .93 1.00 .92

Oxygcn U ] P 14.76 8.32 7.63

Ash. oo e F R P 15.73 22.23

Sulphur ................................................... P P 6.14 6. 04
Calorific value determined (ns received) . {§910" "\ (V553 -1 1| e

o Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car samplé. .
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STEAMING TESTS.

Indiana No. 14 (run of inine).

Test 430.| Test 431.

Size as used: -

OVer 1inCh. ... .. per cent.. 67.3 36.9

4 inch to 1 inch ..do.. 15.4 18.7

4 inch to % inch. do. 8.0 14.2

Under % inch..... ..do... 9.3 30.2

Average diameter. .inches 1.68 113
Duration of test. . ... ... .. e 9. 92 10. 00
Heating valueofcoal ....... .. ... .. .. . ........... B.t.u. per pound dry coal..| -11,986 11,021
Force of draft:

Under stack damper. .. ....... ..ottt T inch water.. 0. 69 0. 68

Above fire. ... ... ... . iiiiiiiiiiiiiiciiaoo. . Bt .16
Dry coal used per square foot of grate surface per hour.. ... 18.89 19.31
Equivalent water evaporated per square foot of wate :

BT L e i pounds.. 3.03 3.02
Percentage of rated horsepower of boilerdeveloped.............................. 84.9 84.6
Water apparently eveporated per pound ofcoalasfired................... pounds. . 6. 30 6. 10
Waterevaporated from and at 212° F.: =

Perpound ofcoalasfired. .. ... .. . i do.... 7.35 7.09

Per pound ofdrycoal...... R [+ SN 8.03 7.83

Perpound of combustible. . ... .. . do.... 9. 80 10. 42
Efficiency of boiler, including grate..... .. ...l per cent.. 64.70 68. 61
Coal as fired:

Per indicated horsepowerhour...... ... ... ..ol pounds.. 3.85 3.99

Per electrical horsepowerhour. ....... ... ... ittt do.... 4.75 4.92
Dry coal: .

Per indicated horsepower hour. . ... ... ...l iiiiiiiiiiiiiiiiiioan do.... 3.52 3.61

Per electrical horsepower hour. ... .. ... ... ... .. il do.... 4.35 4. 46

PRODUCER-GAS TEST.

Indiana No. 14 (run of mine).

Test 131 —Size as used, over 1 inch, 50 per cent'; }inch to 1 inch, 26 per cent; +inch
to 4 inch, 12 per cent; under % inch, 12 per cent. Duration of test, 50 hours.
electrical horsepower, 189.8. Average B. t. u. per cubic foot of gas, 154.1. Total

coal fired, 16,200 pounds.

Average

Coal as Dry Com--
fired. coal. |bustible.
Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower: . . .

Commercially available..... ... ... . ... ...l L.80 166 L 40
~ Developed at switchhoard........................ L71 157 133
Per brake horsepower:

Commercially available....... .o ... ...l . 153 1. 41 119

Developed at engine. ... ... e 1.45 1.34 1.13

Equivalent used by producer plant (pounds).

Per electrical horsepower:

Commercially available. ...... .. .. i 191 176 1.49

Developed at switchhoard. ... ... ... i 1.81 167 141
Per brake horsepower:

Commercially-available. ... ... . . L 62 1.49 1.26

Developed at engine. . .. ...t i 1.54 1.42 1.20

Analyses.
Qas by volume.
MoOISEUTE. oo g Carbon dioxide (CO2)... . ................. 9.8
Volatile matter . ... 36. Carbon monoxide (CO).. 2004
Fixedcarbon. ... .....0.......... ... 4L Hydrogen (Hs)........ 14. 4
Ash.o ...l 3 Methane (CHy). 2.2
Sulphur....... ...l .14 | Nitrogen (Ny).. .. 527
. . Ethylene (CaHe)euunrmoimaeiiiniiaiaaaa . .5
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INDIANA NO. 15.

Bituminous coal from bed No. 4 at Linton, Greene County, on
the Southern Indiana Railroad, was designated Indiana No. 15.
The coal, as worked at a depth of 90 feet at this place, averages 4
feet 4 1nches in thickness.

One sample, shipped under the superv1s1on of F. B. Tough, con-
sisted of run-of-mine coal, and was used in steaming tests 428 and
429 and producer-gas tests 134 and 137.

Two mine samples were taken for chemical analysis. Sample
3473 was taken 2,000 feet southeast of the shaft, where the coal
measured 4 feet 7 inches in thickness. Sample 3474 was taken 1,900
feet northeast of the shaft, where the coal measured 4 feet 1 inch in

thickness. :
CHEMICAL ANALYSES.

Indiana No. 15.

Car Steaming tests.e
Mine samples. .
: sample. | yg 429,
Laboratory No..........o.oooiiiiiiiiiiiiiiane, 3473 3474 b1 O U,
Air-drying 1oss. ... 5.10 7.80 L2 [V O
Proximate: -

Moisture. ... 13.53 13.98 13.58 13.05 12.83

Volatilematter.... . ................. .. 33. 54 32.57 32.07 31.34 32.49

Fixed carbon.... e e .. 45.38 46. 35 46.20 46.78 46. 45

Ash............ .. 7.55 7.10 8.15 8.83 8.23

Sulphur.......... . .95 .96 .91 .99 .97
Ultimate: . :

Hydrogen 5.65 4.75 4.78

Carbon 63. 53 72.85 73. 45

Nitrogen 1,42 1. 63 1.64

Oxygen 20. 34 9.47 9.58

Ash...... R PR 10. 16 9. 44

Sulphur.....cooioiiiii i orien |7 P T RSN i 1.14 L11

calories. . 327/ S IR 5,344 | ...l

Calorific value determined (as received). { B.t.w...| 11738 ... e |

o Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car samples.
Al A}

" STEAMING TESTS.
Indiana No. 15 (run of mine).

Test 428. | Test 429.

Size as used:

OVOr 1iNChaeu e v i . .. 44.6 33.9
inch to 1 inch.. .. .. do.... 21.2 19.5
inch to % inch. 12,1 13. 4
Under %-inch... 22.1 33.2
Average diameter. . e 1.03 .85
Duration of test........ .. 9.7 10.05
Heating value ofcoal ............ ..o ...l B. t.u. per pound dry coal..| 13,099 13,207
Force of draft:
Under stack dAMPer.......oooiuiiiiiiiiiiiiiiaa o acaaenanans inch water..| *~ 0.76 0.73
ADOVe fiTe .o do.... .14 .13
Dry coal used per square foot of grate surface per hour ounds. . 20.12 .18.27
Equivalent water evaporated per square foot of water-heating surface per
hour pounds. 3.41 3.13
Percentage of rated horsepower of boiler develo ed. . 3532 37:13

Water apparently evaporated per pound of coal as fir
Water evaporated from and at 212° F.:
Per pound of coal asfired.....................oll e ...do.... 7.39 7.49
Per pound of dry coal. . et . 8.50 8-50

Per pound of combustible.. ceee .. do.... 9.71 9.73
Efficiency of boiler, including gmte ...................................... .. 62. 66 62. 81
Coal as fired: .

Per indicated horsepower hour............. ...l 3.8|. 378

Per electrical horsepower hour........... ...t d 4.72 4.66
Dry coal:

Per indicated horsepower hour..... ... ...l do.... 3.33 3.29

Per electrical horsepower hour.............ooooiiiiiiiiiiiiii do.... 41 4.06
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PRODUCER-GAS TESTS.

Indiana No. 15 (run of mine).

. | Test 134. | Test 137.
Size as used:
Over 1inch... per cent 53 48
4 inch to 1 inc] ..do. 19 20
1 inch to % inch. ..do. 12 11
Under % inch. .. ..de.... 16 21
Duration of test................... ... e et hours. . 50 50
Average electrical horsepower..................... ..~ e 189.7 193.8
Average B. t. u. per cubic foot of gas.......... e 144.1 145.7
Total coal fired. ... ... ... ... pounds..| 14,650 14,050
Test 134. Test 137.
Coal as Combus-| Coal as Combus-
fired. DTV ©08l) “iple. | fired. [PV o8l iple.
Coal consumed z’nAproducer er horsepower
. hour (poundg).
Per electrical horsepower: ’
Comumercially available............... 1.63 1.44 1.30 1.53 1.35 1.22
Developed at switchboard ........... 1.55 1.37 1.24 1.45 1.29 1.16
Per brake orse]poiver: .
Commercially available............... 1.38 1.23 1.11 1.30 1.15 1.04
Developed atengine.................. 1.31 L.16 1.05 1.23 1.09 0.99
Equivalent used byproducerplant(pounds). ’
Per electrical horsepower: :
Commercially available............... 1.75 1.55 1.39 1.65 1.46 1.32
Developed at switchboard............ 1.66 1.47 1.32 1. 56 1.38 1.25
Per brake orseipower:
Commercially available............... 1.48 1.32 1.16 1. 40 1.24 1.12
Developed atengine.................. 1.41 1.25 1.12 1.33 1.18 1.06
Analyses.
Tests134| _ Am v
| and 137. . . ] Test 134. | Test 137.
Coal. - Gas by volume.
Moisture...... ...l 11.42 || Carbon dioxide (COsg) ............... 11.2 10.6
Volatile matter................. 34.11 || Carbon monoxide (CO) .. 17.2 18.3
Fixedcarbon.._ ..._............. 45.82 || Hydrogen (Hy) 15.2 14.9
Ash......... .. ... 8.65 i Methane (CHy) .... 2.2 2.0
Sulphur 1.03 || Nitrogen (Na) ..... 53.8 53.8
Ethylene (C2Hy) .4 .4

INDIANA NO. 16.

Bituminous coal from bed No. 5, at Linton, Greene County, on the
Vandalia line, was designated Indiana No. 16. The coal, as worked
at a depth of 95 feet at this place, averages 7 feet 2 inches in thickness.

One sample, shipped under the supervision of J. W. Groves, con-
sisted of run-of-mine coal, which was used in steaming tests 426 and

427 and producer-gas test 130.

Two mine samples were taken for chemical analysis. Sample 3475
was taken 650 feet west of the shaft, where the coal measured 7 feet
4 inches in thickness. Sample 3476 was taken 500 feet southeast of

the shaft, where the coal measured 7 feet in thickness.
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CHEMICAL ANALYSES.
Indiana No. 16.
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. : Car Steaming tests.a
Mine samples.
sample. | 4o 427.
Laboratory No. .. ...ttt T35 3476 | 3564 ... foiiil
Air-drying108s. ... ..oooiiiii i e 6.00 8.60 5.90 [...oeiiiifeaeeits
Proximate:
Moigture. (... oo 10.91 11.51 10.30 9.09 10.09
Volatilematter. . ... ... ... ..l 37.86 36.78 36.31 35.20 33.62
Fixed carbon. ... ....o.oooiiiiiiiiiiiiiieenan. 42,02 40.49 41.64 43.21 43.51
ASN e 9.21 11.22 11.75 12.50 12.78
Sulphur. o 3.16 4,17 4.23 4.77 4,34
Ultimate: . ’
Hydrogen 4.66 | + 4.66
Carbon 67.02 66.99
Nitrogen 1.17 1.17
Oxygen 8.15 8.14
Ash. ... 13.75 14.21
Sulphur..... . . 5.25 4,83
. Calorific value determ ];jl%?u. . o

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.

Indiana No. 16 (run of mi‘ne)t

. Test 426. | Test 427.

Size as used: . . '

OVEr 1iNCh. ..ot e per cent.. 38.0 27.1

3inch £ 1inch. .. et e do.... 21.8 25.3

4 inch to 4 inch. ..do.... 14.0 17.0

Under %} inch..... do.... 26.2 30.6

Average diameter ..inch 0.86 0.76
Duration of test...... ... i hours. 10.03 9.0
Heating valueofcoal.............. [ - N . u. per pound dry coal..| 12,350 12,328
Force of draft:

Under stack damper.............cooooaeaen. s PO inch water. . 0.69 0.67

Above fiTe. ... s do.... .1 .15
Dry coal used per square foot of grate surface per hour . pounds. . 19.26 17.24
Equivalent water evaporated per square foot of water-heating surface per hour,

7011 4L £ T 3.18 2.80
Percentage of rated horsepower of boiler developed ... 89.1 78.6
Water apparently evaporated per Pound of coal as fired 6.47 6.30
Water evaporated from and at 212° F.: co

Per pound of coal as fired 7.51 7.32
Per pound of dry coal..... 8.26 8.14
Per pound of combustible. ... 9.83 9.72
Efficiency of boiler, including grate 64. 59 63.76
Coal as fired:
Per indicated horsepower hour 3.77 3.86
Per electrical horsepower hour 4.65 4.77
Dry coal:
Per indicated horsepower hour 3.42 3.47
Per electrical horsepower hour 4.23 4.29
PRODUCER-GAS TEST.
Indiana No. 16 (run of mine).
Test 180.—Duration of test, 50 hours. Average electrical horsepower, 177.4. . Aver-
age B. t. u. per cubic foot of gas, 136.7. Total coal fired, 16,100 pounds.
Coal as Combus-
fired. | DTV oLl “giple.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: |
Commercially available................. et ieeeaeaeieeeaeaea- 1.92 1.77 1.54
Developed at switchboard... ... ... ... i 1.82 1.68 1.46
Per brake horsepower:
Commercially available................ ettt 1.63 1.51 1.31
Developed at engine. . ... .. oo 1.54 .42 1.24
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PRODUCER-GAS TEST—Continued:

Indiana No. 16 (run of mine).

Coal as Combus-
fired. [PTY coal| “iple.

Equivalent used by producer plant '(pounds).

Per electrical horsepower: )

Commercially available............................. ... Leieeans 2.06 1.90 1.66
Developed at switchboard....... ... ..o i 1.95 1.80 1.57
- Per brake horsepower:
: Commercially available. ...... ... ... . ... oo 1.75 1.62 1.41
Developed at engine. ... 166 1.53 1.33
Analyses.
Coal. . Gas by volume.

Moisture......... el e e.... 7.79 | Carbon dioxide (CQg) ... cveaieeeieiain.n 11. 4
Volatile matter .. 32.32 | Carbon monoxide (CO)... 16.8
Fixed carbon......... .... 44.97 | Hydrogen (Ho)........... 13.3
Ash.... ... ....... e ... 1192 [ Methane (CHy)......_.. 1.7
Sulphur. . ... 4.01 | Nitrogen (Ng).......... . 56.3
. Ethylene (CoH,): .5

INDIANA NO. 17.

Bituminous coal from bed No. 5 at Bicknell, Knox County, on
the Vandalia line, was deswnated Indiana No. 17. The coal, as
worked at a depth of 190 feet at this place, averages 5 feet 6 inches in
thickness. : .

One sample, shipped under the supervision of J. W. Groves, con-
sisted of run-of-mine coal and was used in steaming tests 441 and 442,
coking test 163, and cupola test 148. .

Two mine samples were taken for chemical analysis. Sample 3516
was taken 500 feet northeast of the shaft, where the coal measured
5 feet 2 inches in thickness. Sample 3517 was taken 250 feet north-
west of the shaft, where the coal measured 5-feet 11 inches in thickness.

CHEMICAL ANALYSES.
Indiana No. 17.

C Steaming tests.a
Mu.le samples. smg{)ie. —m—-
Laboratory No........................ e . 3516 3517 3981 [,
Air-drying loss...... i 6.10 6.90 510 |oeeeiiiil i
Proximate: .
Moisture. ... .o 10. 60 11.87 12.08 9.70 12.08
Volatile matter. 38.06 36.23 32.48 35.78 32.48
leed carbon. . 43.84 44. 42 45. 63 44. 42
............. . X 8.06 1102 | 8.89 11.02
Sulphur : . 6 4.05 3.65 3.67 3.65
Ultimate:
Hydrogen. .. ..ooeeioiiiinmiaiiiiaeiaeeaae]eiemeneenaeeeaes .5.34 4.70
Carbom . 60. 45 71.05
Nitrogen . oo i .89 1.04
L0573 ¢ IR 18.65 9.30
ASh. e 9.85
Sulphur e R gy i 4.06
calories..| 6,529 [.._....... 5,117 1ol P
ecei 4
Calorific value determined (as received) . { B.t.u... 1752 | wo | e

"a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TESTS.

Indiana No. 17 (run of mine).

Test 441. ) Test 442.

Size as used: .

Over Lineh. .o 47.3 16.8

%inch to linch... do... 26.9 2.7

tinch to }inch....... e 13.6 18.0

Under 4 inch........ . 12.2 42.5

Average diameter. e . 1.20 0. 60
Duration of test...... e . 9.88 10.13
Heating value of coal.............. B.t. u. pur pound dry coal. . 12,929 12,524
Force of draft:

Under stack damper. . ... ..ot inch water.. 0.75 0.74

ADOVE fITe L. i do.... 13 .15
Fuarnace temperature. .. .. ... . e °F.. 2,545 2,544
Dry coal used per square foot of grate surface perhour.............. ... pounds 19. 61 17.98
Equivalent water evaporated per square foot of water-heating surface per hour,

pounds 3.23 2.79

Percentage of rated horsepower of hoiler developed..............oo i 90.7 78.2
Water apparently evaporated per pound of coal as fired................. pounds.. 6. 41 5.85
Water evaporated froni and at 212 °F.:

Perpound of coal asfired. . ... ..ol .pounds.. 7.46 6.83

Per pound of dry coal.... ...do.... 8.26 .7

Per pound of combustible. ... ... Ll do. . 9.53 9.35
Efficiency of boiler, including grate....... ... .. .ol per cent.. 61.70 59.91
Coal as fired:

Per indicated horsepower hour...... ... ...l pounds.. 3.7 4.14

Per electrical horsepower NOUL. ... ..o ittt iiie e eanans do.... 4.68 511
Dry coal: . .

Per indicated horsepower hour. .. .. .. .. .o iiiiiiiiiiiiiiiiiiiiennn. do.... 3.42 3.64

Per electrical horsepowerhour.............. ... ... e do.... 4.23 4.49

COKING TEST.

Indiana No. 17 (run of mine).

Test 163.—Size as used, washed, finely crushed. Duration of test, 50 hours. Coal
charged, 12,050 pounds. Coke produced, 7,200 pounds; 59.75 per cent. Breeze pro-
duced, 332 pounds; 2.76 per cent. Total yield, 62.51 per cent. Dark-gray color;
poor, derse coke; ash and sulphur high:

Amnalyses.

Coal. | Coke.

Moisture........ e et et 10.57 1.65
Volatile mMabter. ... et ieeeiaeia e 35. 65 .67
1* wed L 70 43.77 81,42

....................................... 10.01 16. 26
Sulphur N 3.76 3.39
— .
Cupola test of coke made from Indiana No. 17 coal (washed).
CHARGE.
Coke. Divisions of charge.
Cupola Fluid- : B
oSt | qest |Spocifi] Ratio | B Matorials. Total.
No. No grav- | iron to m“p 1. 2. 3. 4. 5. )
©| ity coke. .
Per ct. . Lbs. | Lbs. 'Lbs;0 Lbs. | Lbs. vao
$ oke........ 190 {0 60 | . 60 G0 43
48) 163|192 7| Hu {.Pig iron..... 760 | 500 | 560 560 | . 560 | 3,000
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Cupola test of “coke made Sfrom Indiana No. 17 coal (washed)—Continued.

RECORD OF MELT.

Blast pressure. Weight of iron. Melting. Recovered.
Cupola }fg_‘
. test Maxi-| ni Addi- Rate | Ratio
No. Onat— {1 0m mnf Poured.| tional | Total.| Time.| per |iron to| Loss. |Iron.|Coke.
. melted. hour. | coke.
Oz. Min. Lbs. Lbs. Lbs, | Min. | Lbs. Perct.| Lbs. | Lbs. -
148 | 11.17 a.m. .. 7 11§ 1,548 274 | 1,822 32| 3,416 | 4.82| 4.50 1,043 52
SILICON, MANGANESE, ETC.
Silicon. Manganese. Sulphur.
T Cofntent
Cupola Amount. of coke
test Materials. used com-
. Per Per Per bined
No. (pounds). cent. Pounds. cent. Pounds. cent. Pounds. with iron
melted
(per”’
cent).
Pigiron...........|.......... 2.12 38.63 0.178 3.243 | 0.059 | 1.0750
Melted iron:
148 Amount..... ..., 1.75 31.88 126 2.296 .108 | 1.9678 6.88
Gainorloss...|.......... | —17.47 | —6.75 [—29.20 | —.947 | 4-.049 | +.8928
Coke..oovmnnannnn. 383 [oee e 3.39 | 12.9837
LADLE RECORD.
Ladle No Pounds Time Ladle No Pounds Time
. . (a.m.). . . (a.m.).
24 11.30 96 11.47
95 . 11.34 80 11.49
101 11.343% 73 11.49%
79 11.39 96 11.50
94 11.394 65 11.54
108 11.40 68 11.54%
76 11.41 85 11.55
98 11.42 56 11.59
78 11.46 108 12.00
68 11.46%

Remarks.—Pig iron used from car 27633. Temperature of iron, medium.

INDIANA NO. 1.8.

Bituminous coal from bed No. 5 at Ayrshire, Pike County, on the
Southern Railway, was designated ‘Indiana No. 18. The coal, as
worked from the: outcrop at this place, averages 4 feet 9 inches in
thickness. :

Two samples were shipped under the supervision of John W.
Groves, as follows: Indiana No. 18 A consisted of washed slack
screened through a %-inch wire-mesh revolving screen, and was used
in coking tests 158 and 168. Indiana No. 18 B consisted of lump
coal over a 14-inch round shaking screen, and was used in steaming
tests 435 and 436 and producer-gas tests 133 and 135.

Two mine samples were taken for chemical analysis. Sample
3525 was taken 3,400 feet south of the opening, where the coal
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measured 4 feet 9 inches in thickness. Sample 3526 was ‘taken
3,400 feet southwest of the opening, where the coal measured 4 feet

10 mches in thickness.

CHEMICAL ANALYSES.

Indiana No. 18. .
Ca;r Steaming tests.a
Mine saimples. sample |——mMm—————
(B). 435. 436.

Laboratory No
Air-drying loss
Proximate: .
MOISEUTE .« ettt
Volatile matter
Fixed carbon

Sulphur........ s
Ultimate: - :
Hydrogen
Carbon..
Nitrogen.....................
[05.4%¢> 3 1 DA
Asho il
Sulphur............o.ooolll

Calorific value determined (as received). .

o Proximate analysis of fuel as fired; ul'timate analysis of dry fuel figured from car sumple.

STEAMING TESTS.

Indiana No. 18 B (lump). ’

R Test Test
435. 436..
Size as used: .
Over 1ineh. .. ... e 30.4 “45.1
%inch tolinch.. : z 17.4 23.5
% inch to § inch.. 21.8 12.8
Under4inch............. 30.4 18.6
Average diameter inch. . 0.77 0.97
Duration of test. ... . oo i 10.1 9.67
Heating value of coal .. ... .oiiiiiiiiiiainaaaaaan.t B. t. u. per pound dry coal. . 13, 545 13,617
Force of draft: . .
Undcrsmckdn,mper.._.........“....................: ........... inch water.. 0.64 0.73
ADOVE fITC . ittt et do.... .05 .07
Dry coal used per square foot of grate surface per hour pounds 20.47 21.85
Equivalent water evaporated per square foot of water-heating surtacc per hour,

27023 T £ 3.62 3.91
Percentage of rated horsepower of boiler developed......... 101.4 109.7
Water apparently evaporated per ound of coa. ns ﬁted 6.70 6.76
Water evaporated from and at 212 :

Per pound of coalasfired........ ... 7.79 7.89

Per pound of dry coal........ . 8.85 8.97

Per pound of combustible. . ... 9.86 10.05
Efficiency of boiler, including grate 63.10 63.61
Coual as fired:

Per indicated horsepower hour. ... ......coooiiiiiiiiiiaaa.. PO 3.63 3.58

Per electrical horsepower hour. ... .cooiiuiiiii ittt ieaaeiaeans do. 4.48 4.42
Dry coal:

Per indicated horsepower hour. ... ..oeir it ia et do.... 3.20 3.15

Per electrical horsepower hour.........ooooooiiiiiiiiiii i an, do.... 3.94 3.89
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PRODUCER-GAS TESTS.

Indiana No. 18 B (lump).

Test 135. | Test 133.
Size as used:

073 T 1) per cent. . 65 62
%inch 0T T 1 1) do.... 15 17
dinchto dinch. . ... . . . i do.... 8 9
Under 4 inCh. ... ... i 0.. 12 12

Duration of test. ... ... i hours.. 50 36
Average electrical horsepower. . ... ... e 196.3 194.5
Average B. t. u. per cubic foot of gas. ... ... ... . i 152.6 154.7
Total coal fired............... e r e e pounds..| 16,350 10, 350
Test 135. Test 133.
’ Coal as Dry Com- | Coal as Dry Com-

fired. coal. |bustible.| fired. coal. | bustible.

Coal consumed in producer per hc-nse-
power hour (pornds).

Per electrical horsepower:

Commercially available..z........... 1.75 1.54 1.42 1.55 1.38 1.27
Developed at switchboard........... 1.67 . 1.46 1.35 1.48 1.31 1.21

Per brake horsepower:

Commercially available.............. 1.49 1.31 1.21 1.32 1.17 1.08
Developed at engine.................. 1.42 1.24 1.15 1.26 . 112 1.03
Equivalent used by producer plant

(pounds).
Per electrical hors;zpower:
Commercially available.............. 1.88 1.65 1.52 1.67 1.48 1.37
Developed at switchboard........... 179 1.57 1.45 1.59 14 1.30
Per brake horsepower: .
Commercially available.............. 1.60 . 1.40 1.29 1.42 1.26 1.16
- Developed at engine.................. 1.52 1.34 1.23|. 135 1.20 1.11
Analyses.
Test 135. | Test 133. Test 135. | Test 133.
Coal. Gas by volume.
Moisture. ......c.coeeeeiaa.. 12.11 11.13 | Carbon dioxide (CQg) _....... 10.8 10.0
Volatile matter.. 34.19 35.11 | Carbon monoxide (CO)....... 18.6 19.4
Fixed carbon.... 46. 87 46.78 | Hydrogen (Ho).......... 16.9 16.0.
sh........ . 6.83 6.98, Methane (CHy) 2.1 2.1
Sulphur.......ooooeenoa .. . L44 1.64 | Nitrogen (No). 51.3 52.2
: Ethylene (CsHy)....... FU I .3
COKING TESTS.
+ Indiana No. 18 A (washed slack).
Test 158. | Test 168.
Size asused. ... i not cr. f.c.
Duration of t 16 24
Coal charged... 11,800 12,740
(070 =35 45 Lo L1 LT None. None.
Remarks—Test 158: Charge ashed down about 2 inches and blaze lost.

Charge ashed down about 3 inches and blaze lost.

(Test 168:

)
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Test 158. [ Test 168,
MoiSture. . ... e e 15.09 13.97
Volatile matter. ... 31.06 30.97
Fixed carbon...... 46. 42 48.07
Ash.o. ..ol 7.43 6.99
Sulphur 1.48 1.49

INDIANA NO. 19.

. Bituminous coal from the “Brazil Block top bed,” at Diamond,
Parke County, on the Chicago and Eastern Illinois Railroad, was
designated Indiana No. 19. The coal, as worked at a depth of 121

feet at this place, averages 4 feet 4 inches in thickness.

One sample, shipped under the supervision of John W. Groves,

consisted of screenings (through 13-inch stationary bar screen), and
was used in steaming test 464 (on briquets) and briquetting test 165%.

Two mine samples were taken for chemical analysis.

Sample

3534 was taken 1,200 feet southwest of the shaft, where the coal meas-
ured 4 feet 9 inches in thickness. Sample 3535 was taken 500 feet
east of the shaft, where the coal measured 4 feet 1 inch in thickness.

CHEMICAL ANALYSES.

Indiana No. 19.

Mine samples.

Briquet-
ting test
165%.b

Laboratory No .. oo.i et el 3534 3535 |

Air—dr?"mg 108S. ol N 6.70 8.90
Air-dried sample: ‘

Proximate—

Moisture

13.70 13.93
Volatile matter

35.94 35.18

Sulphur
Ultimate— :

Hydrogen. . ... ...ooouiiiiiii i

Carbon. ... .. ..

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

b Proximate analysis of fuel as received; ultimate analysis on dry basis.



144 REPORT U. S. FUEL-TESTING PLANT, 1906-7.

STEAMING TEST.

Indiana No. 19 (Renfrow briquets).

Test 464.
Durationof test. . ... ... . iiiiiiieeei...........hours.. 7.57
Heating value of fuel...................... ... P B. t. u. per pound dry fuel.. 11,930
. Force of draft: :

Under stack dAMDeT .. ...\ttt et ettt ie e e e e eie e i .. 0.79

Above fire............. do.... .16
Furnace temperature F. 2, 613
Dry fue! used per square foot of grate surface per hour P 20. 86
Equivalent water evaporated per square foot of water-heating surface per hour...... do.... 3.28
Percentage of rated horsepower of boiler developed........... ... ... ... ...l 91.8
Water apparently evaporated per gound of fuel as fired....... i pounds.. 5.92
Water evaporated from and at 212 . )

Per pound of fuel as fired........ : el 2715

Per pound of dry fuel....... ...do.... 7.86

Per pound of combustible....... .. 9,62
Efficiency of boiler, including grate 63.62
Fuel as fired:

Per indicated horsepower hour 3.96

Per electrical horsepower NOUT . ... ... ..ot it ca e e e eaaaas d 4.88
Dry fuel: . .

Per indicated horsepower hoUT. . ... ... i oo do.... 3.60

Per electrical horsepower hour.._............. ..l do....} = 4.4

Remarks.—Test made on briquets from test 165%, which burned well with short
flame, making 5.5 per cent of black smoke. Briquets broke enough in burning to
allow small percentage of fine unconsumed fuel to pass through grate. Ash and
clinker of dark-gray color, not sufficient to retard draft. Clinker was easily broken
with hook, but stuck to burning fuel; 33 per cent clinker was formed,

BRIQUETTING TEST.
Indiana No. 19 (raw screenings).

Test 165*.—Size as used: Over % inch, 3.6 per cent, T inch to % inch, 12.4 per
cent, Jy inch to 7 inch, 20 per cent; /5 inch to 5% inch, 24 per cent; through
£ inch, 40 per cent. When made Wlth dry coal and 8 per cent binder briquets
were hard, with firm surfaces and very rough fracture. With moist coal satisfactory
briquets were made regardless of percentage of binder used. These briquets had a
dull-gray color, due to the presence of a large amount of clay. For analyses of bri-
 quets see page 143.

Details of manufacture: Drop test (i-inch screen) i
Machine used........................ Renf. Held..................... per cent. . 64.0
Tempemtureofbnquets ..... .LOF 131 Passed......................0do.... 36.0
Binder— Tumbler test (15inch screen):

Kind.. .ocoooiiiiiiiiii. [w. g"i 9%.2 | ]é[ eld 3 (ﬁn ) ................ do. . ﬁ 3

. a3 2,858 () do.... .
Laboratory No. (see P 0. 20 Fines through 10-mesh sieve.do. ... 91.5
Amount............... .per cent. R 8 || Weathering test:

Weight of— Time exposed............... days.. 95
Fuel briquetted........ pounds..] 80,000 Condition.......cooooiiiiiiil C.
Bn&uets average........ do.... 0.562 | Water absorption: .

Heat value per pound—— In16days.....cocoouenn.. per cent. . 12.6
Fuel as received.... ... B. t.u.. 9,524 Average for first 5 days...... do.... 1.90
Fuel asfired.............. do....| 10,710 || Specific gravity (appa,rent) ............ 1.211
Binder.................... do....[ 16,946

a Binder contained 6 parts No, 4120 and 1 part No. 3962,
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Extraction analyses.

> o Briquets
Pitches. Tuel. 1ot 165%,

Laboratory No.. 3962 4120 3979 4315
Air-drying loss... 13.10 5.40
Extracted by CSqg . .

Air-dried.............. e [ TR PN P .97 7.81

Asreceived. ... ..o i do.... 77,79 97.70 1.12 7.39
Pitch in briquets, as received. .. .. .. ... ... . ... [ 1« TN PO PR IR 6.90

INDIANA NO. 20.

Bituminous coal from the ““ Brazil Block bottom bed,” at Brazil, Clay
County, on the Chicago and Eastern Illinois Railroad, was designated
Indiana No. 20. This coal, as worked at a depth of 148 feet at this
place, averages 3 feet 7 inches in thickness.

One sample, shipped under the supervision of John W. Groves, con-
sisted of screenings through a 1}-inch bar screen, and was used in
washing test 185 and briquetting test 169%*. :

Two mine samples were taken for chemical analysis. Sample

3536 was taken 800 feet southeast of the shaft, where the coal meas-
ured 3 feet 5 inches in thickness. Sample 3537 was taken 600 feet
northwest of the shaft, where the coal measured 3 feet 8 inches in
thickness.

CHEMICAL ANALYSES.
Indiana No. 20.

Briquet-
Car sam-| T g test

Mine samples.
ple. 169%.0

Lahoratory No. ..ottt e 3536 3531 3979 4627
AQr-drying 108S. ..o e 11.30 10. 40 13.10 |.....o...s
Froximate:
Moisture.............. P 15.38 15.91 16.91 9. 67
Volatile matter............cooooiiiiiiii, e .. X
Fixed carbon
Ash....
- . Sulphur
Ultiﬁx&de:
© Hydrogen........ e, -
Carbon............ FU e
Nitrogen.......... U
OXygen..........coooeieeiiiia... J
Ash [

calories. .|
B.t.u...

Calorific value determined (as received)............ {

@ Proximate analysis of fuel as received; ultimato analysis on dry b asis.

WASHING TEST.

Indiana No. 20 (screenings).

Test 185.—Size as used, screenings. Jig used, Stewart. Raw coal, 60,000 pounds.
Washed coal, 40,000 pounds; 67 per cent. Refuse, 20,000 pounds; 33 per cent. For
analysis of raw coal used see above (car sample 3979). Washed-coal analysis: Mois-
ture, 16.86; ash, 7.09; sulphur, 1.35. ’

19698 —Bull. No. 332—08—-10

e
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BRIQUETTING TEST.
Indiana No. 20 (washed screenings).

Test 169* —Size as used: TI{; inch to % inch, 3.0 per cent; 44 inch to 1y inch, 16.2 per
cent; #; inch to 4 inch, 26.6 per cent; through 7 inch, 54.2 per cent. Briquets
satisfactory when made warm, using 7 per cent binder; surface became soft and easily
abraded as briquets cooled; were easily handled from machine, but produced high
percentage of slack in handling afterwards. Iracture was rough and color brighter
than in briquets from unwashed fuel. For analyses of briquets see page 145.

Details of manufacture: Drgf) test (1-inch screen): .
Machineused..............ccooiia..t Renf. || Held...c.ooooiiieiiao... per cent.. 39.0
_ Temperature of briquets....... °F.. 131 Passed ....................... do.... 61.0
Binder— Tumbler test (1-inch screen):
Kind........ et w. g4311)8‘ %[ d.c,l ‘(-ﬁ.li .................... go.'. .. ;1)(0)
" n9se () D o.... 3
Laboratory No. (see p. 40) ...... { 4543 Fines through 10-mesh sieve..do....| - 93.8
Amount............... per cent.. 7 || Weathering test:
‘Weight of— Time exposed.............. ...days.. 48
uel briquetted........ pdunds..] 30,000 Condition............oooovaiiiion B.
Briquets, average......... do.... 0.427 {| Water absorption: -
Heat value per pound— - -In19days................. per cent. . 28.5
Fuel as recewed LBotous| 12,994 Average for first 4 days....... do....] = 40
Fuelas fired.............. do....| 12,391 || Specific gravity (apparent)............. 0.903
Binder.................... do....| 16,811

Extraction analyses.

. Briquets,

Pitches. Fuel. test

169*,
Laboratory No f 4318 4543 3979 4627
Ar-drving 108S. .. .. oove i PET RN L - 13.10 7.90

Extracted by CSy:

Air-dried. ... ol e 73 9.12
Asreceived.. .. ............. 90.42 99. 66 .63 8.40
Pitch in briquets,’as received......................o.ooadollooiic il 8.39

INDIAN TERRITORY.
INDIAN TERRITORY NO. 2.0

- Bituminous coal from the Hartshorne bed, at Hartshorne, on the
Rock Island Railroad, was designated “ Indian Territory No.2.” The
coal, as worked from the outcrop and by shafts at this place, aver-
ages 4 feet 1 inch in thickness.

. Two samples of coal were shipped, as follows: Indian Territory
No. 2 B, uninspected, consisted of slack screenings (through a §-inch
shaking screen) and was used in steaming tests 418,453 (on briquets),
and 456 (on briquets); .washing test 176; and briquetting tests 135,
136, 137, 138, 139, 145, 146, 147, 148*+, 149%, 157+, and 168. Indian
Territory No. 2 C, shipped under the supervision of John W. Groves,
consisted of lump coal over a 1-inch shaking screen, and was used in’
steaming fest 455 and briquetting tests 153, 154, 155, and 156.
Indian Territory Nos. 2 B and 2 C were used (mixed) in steaming
test 417. :

a For other tests of coal from this mine, madé during 1904, see Bull. U. 8. Geol. Survey No. 261, 1905,
pp- 39, 67, 81, 124, 155; and Prof. Paper U. 8. Geol. Survey No. 48, 1906, pp. 69, 215, 505, 1337, 1439, 1467,
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CHEMICAL ANALYSES.
Indian Territory No. 2.

Steaming tests.a . Briquetting tests.b
. B.
. Band 455 (C)
- an . )
s, | a3 | a5 S 135,136 137, 168 145,140 1307 [ 1408,
Proximate: )
Moisture. . .. 2.92{ 3.20| 2.85| 28| 270| 3.61| 3.85| 28| 28| 213
Volatilo mat 36.14 | 35.25 | 34.91 | 35.40 | 35.84| 33.03| 3406 | 35.02|35.67 | 36.97
Fixed carbon. 52.42 | 53.15 | 54.03 | 5187 | 53.40 | 40.64 | 49.36 | 50.60 | 53.77 | 5414
Ash........ Ul ss2| 81| s21| 985 806| 1372| 1273 1wsl| 7.76| 6.7
Swiphur. 20111 108 | L5 18| La| L76| L7 L72| 158| 147
Ultimate:
Hydrogen........... 4904] 4903| a87| 48| 495| 465| 454| 448) s01| 504
Carbor. .. | 75.63 | 76.11 | 76.28 | 74.63 | 76.57 | 7108 | 73.17 | 73.39 | 75.63 | 77.98
Nitrogen. . LOL| 1.69| 170| 18| 179| L45| LoL| 149| L52| L78
Oxygon. 6701 7.11| 7.15| 661| 691 675 566| 7.02| 83| 679
Ash..... 0 878| 850 845| 10014 828| 1423| 1324| 1ss| 7.98| 601
Sulphar. . 11110000 2.04 157 154 L8| 15| 18| 178 L77| 163| 1.50

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
b Proximate analysis of fuel as received; ultimate analysis on dry basis.

STEAMING TESTS.
Indian Territory No. 2.

" B(slack). B and C.|C (lump).

Tost 418. | Test 453. | ,-1¢5t | | est 417. | Test 455
g . ©1456 (w.) | N .

Size as used:

Overlinch.............o.oiiioiia... per cent.. 25.5 25.2
inch tolinch...............o.o... .l do....] . 31.4[|Sec‘“Re-| See “Re-~ 27.6
inchtogineh. . ... ... ... ... o......... do.... 18.6 [ marks”| marks"’ -18.7 ()
nder ¥inch.......... ..do.... 24.5 || (below).| (below). 28.5
Average diameter. .... ...inch.. 0.78 0.75
Durationof test. ... ... ... ... .. ..... hours.. 10.05 10.05 10.08 10.15 9.92

Heating valucof fucl..B. t. u. per pound of dry fuel..| 13,721 |, 13,687 13,856 13,534 13,957
Force of draft:

Under stack damper............... inch water.. 0.63 0.78 0.87 0.58 0.64
Abovefire............. do.... 1 17 .14 .09 .17
Furnace temperature OF  feeieeann 2,653 2,704 | ... ..... 2,807
Dry fuel used per square foot of grate surface ]d)cr
B £ L | N ounds. . 18.10 19.93 21.38 17.81 19.90
Equivalent water evaporated per square foot of
water-heating surface per hour....._... pounds. . 3.39 3.75 3.80 3,23 3.34
Percentage of rated horsepower of boiler developed. . 95.0 105.1 106. 6 90.5 93.5
Water apparently evaporated per pound of fuel as ’
1 pounds.. 7.81 7.60 7.23 7.57 6. 82
‘Water evaporated from and at 212° F..:
Per pound of fuel asfired................ e 9.10 9.12 8.65 8.83 8.17
Per pound of dry fuel.................... .e 9.38 9.42 8.90 9.09 8.39
Per pound of combustible................ . 10. 65 10.80 [ - 10.00 10. 62 9. 52
Efficiency of boiler, including grate...... 66. 02 66. 46 62.03 64. 86 58.06
Fuel as fired: :
Per indicated horsepower hour.. 3.11 3.10 3.27 3.20 3. 46
. 1;01' ‘elcctrical horsepower hour. . 3.84 3.83 4.04 3.95 4.27
ry fuel:
Per indicated horsepower hour.. .. 3.01 3.00 3.18 3.11 3.37
+ Per electrical horsepower hour........... . 3.72 3.71 3.92 3.84 4.16

a See page 148.

Remarks.—Test 453 on briquets from test 148*f: Briquets were badly broken up
from weathering and handling. Fuel burned quickly, with medium flame, intense
heat, and 4.5 per cent black smoke. Considerable of the slack from the briquets fell
through the grates. Clinker was thin, dark gray in color, not porous, and stuck to
the grate. "

Test 456 on briguets from tests 138 and 157f: Briquets from test 138 burned readily,
with short, yellow flame, intense heat, and*7 per cent black smoke. Briquets from
test 1571 burned well until clinker formed over the grate. Best results were obtained
when briquets were fired whole; 8.5 per cent black smoke. Clinker on both tests was
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very heavy and of a dark-purple color, and formed in layers. Water thrown into ash
pit did not prevent clinker from st1ck1ng to grate.

Test 455 on briquets from tests 153, 154, 155, and 156 (equal pa.rts) Square briquets
did not give as good results as round ones, owing to holes in the fire, although they
made less clinker on account of cooler fire; 8 per cent black smoke.. Clinker was
tough, purple in color; formed a thin Jayer over and stuck to the grate.

WASHING TEST

Indian Territory No. 2 B.

Test 176.—Size as shipped, slack. Size asused, slack. Jig used, modified Stewart.
Raw coa,l, 38,000 pounds. Washed. coal, 29,060 pounds 78 per cent. Refuse, 8,940
pounds; 22 per cent.

Analyses.

Raw | Washed

coal. coal
MOISEUTC. - oo e oo SRS USRRRRRROSRR e 6.27 6.61
Volatile matter . 32.37 foeneinnnnn
Fixed carbon............. . 47.07 [.oooiian.s
Ash.. ool E R 14.29 8.27
Sulphur. .. 179 1.55

BRIQUETTING TESTS.
Indian Territory No. 2.

Tests 135, 136, 187, 145, 146, 147, 148*t, and 168 (coal B, raw slack).—There was no
apparent difference in English briquets with 6, 7, and 8 per cent binder. A small lot
with 5 per cent binder showed shortage of pitch. Pressure on machine was changed
éluring making of Renfrow briquets, as indicated in tests. All briquets were satis-
factory, having sharp edges, hard surfaces, and clean, rough fracture; could be handled
from machine while warm and piled 5 feet high without sticking together or crushing.
For analyses of briquets see page 147 (briquets from test 148*t under ““Steaming test
45377).

Test | Test | Test | Test | Test | Test i Test | Test

135. 136. 137. 145. 146. 147. 148%¢. 168.
Details of manufacture:
Machine used ..| Eng.| Eng.| Eng.| Eng. | Eng. | Eng. | Renf. | Renf.
’jgem rature of briquets . .. 185 185 185 185 185 185 149 149
‘Binder— : ' '
Kind......... W.g.p.|W.g.p.|W.8.p.| W.g.p.| W.g.D.| W.g.D.| W.g.D.| W. 8. P.
Laboratory N e p-40). .. 3258 3258 3296 3486 30! 3 3624 3486 329b
Amount . 7 8 6 8 8
Weight of— : .
Fuel briquetted. . --pounds. .| 11,000 | 22,000 | 70,000 | 16,000 | 16, 000 16,000 | 19,400 | 99,000
uets, average.. ... do....| 3.46 3.88 3.77 3.53 3.64 3.43 | 0.515 0.508

Heat v(ﬂuc per pound—
TFuel as received
Fuel as fired. .

12,400 | 12,400 | 12,400 | 12,033 | 12,033 | 12,033 | 12,033 | 12,400
12,317 | 12,317 | 12,481 | 12,811 | 12,811 | 12,811 | 13,412 | 12,481
16,373 | 16,373 | 16,427 | 16,241 | 16,241 | 16,241 | 16,407 | 16,427

81.7 82.8 84.2 58.5 1.
18.3 17.2 15.8 41.5 1.

73.3 79.8 80.8 81.0 |..
26.7 20.2 19.2 19.0 |..

86.5 85.6 75.5 95.44........

Pper cent

Weathering test:
Time exposed .days.. 239 239 239 145 145 145 144 239
Condition.. e B. C. B. B. A. A. B. B.
Water absorptlon

In 16 days
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Extraction analyses.o

Briquets.
Fuel Tests | -Test 1;1‘505]';;. Test |. Test
135, 136. |  137. oo | 148%F. 168.
Laboratory No................ 3381 3472 3262 3342 - 3520 4086 3343
-Air-drying loss...... per cent. . 1.50 3.80 150 ..aeanne, 1.00 1.30 |oeeeeannns
Extracted by CSa:
Air-dried. .33 43|, 480 }......... . 8.87 6.11 {..........
As receive: 2,32 .41 4.72 6.32 8.78 6.00 8.84
Pitch in brique! . :
pereent.. ...t S 5.50 7.32 10.19 6.57 10. 40

a The extraction analyses of the pitches used can be found by referring to page 0.

Tests 138, 189, 149%, and 1571 (coal B, washed slack); tests 158, 154, 155, and 156 (coal B

C, lump).—Tests 138 and 139 were made from the first sample sent to the plant, and
tests 149% and 1571 from the second sample. Excellent briquets were made with 8
per cent binder. The English briquets showed. the advantage of higher pressure by
being harder and closer grained and having smoother surfaces and sharper edges.
Similar differences mark the superiority of these bnquets over those from the same
slack unwashed.

The briquets made from lump coal (C) may be considered as standing in value
between those made from washed and those made from unwashed slack from the same
mine; they are identical in appearance.

Por analysesof briquetssee page 147 (briquets from tests 138 and 157t under © Steam-
ing test 456,” from tests 153, 154, 155, and 156 under ¢ Steaming test 455"").

- B. C.
Test | Test | Test [ Test | Test | Test | Test | Test
138. 139. | *149%, 157¢t. 153. 154. 155. 156.
Details of manufacture: . .
Machine used.................... Eng. | Renf. | Renf.! Eng.| Eng.| Eng.| Eng.| Renf.
il}em rature of briquets...° F.. 185 149 149 185 185 185 185 14
inder—
Kind...oooivviiiiiiion w.g.p.| w.g2.p.| w.g.p.] w.g.p.| w.g.p.|] w.gp! w.gp| w.g.p.
Laboratory No. (see p. 40) .. 3624 | - 3296 3624 3624 3486 3486 [ 3480 %486
Amount.._......... per cent. . 8 8 8 8 6 7 8 8
Weight of—
Fuel briquetted....pounds..| 16,000 [ 20,000 | 40,000 | 8,000 | 1,000 | 1,000 [ 1,000 8,000
Briquets, average..... do....| 3.31| 0.451} 0.476 3.34 3.11 3 19 3. 14 0. 400
Heat value per pound—
Fuel as recexved SBoteul oo 13,630 | 13,630 | 13,630 13,630
. Fuel as fired.......... do....| 13,562 | 13,541 | 13,707 | 13,707 | 13,581 | 13,581 | 13,581 | 13,581
Binder..... e do....| 16,427 | 16,427 | 16,193 | 16,193 | 16, 407 16 407 | 16,407 | 16,407
Dro%test (1-inch screen): n
.................. J 889 60.0 56.0 85.5] .79.8 84.6 86. 4 70.0
Passed do.... 11.1 40.0 4.0 14.5 20.2 15. 4 13.6 30.0
Tumbler test (l-inch screen): .
eld. .. ool do.... 85.0 79.0 76.0 82.5 71.0 76.6 83.5 8L.5
Pu.ssc(l (fines) ............ do.... 15.0 21.0 24.0 17.5 29.0 23.4 16.5 18.5 .
Fines through 10-mesh sieve, | -
reent. .. ool 79.5 ) . 90.5 93.7 78.1 82.3 80.6 78.4 90.9
Weathering test:
Time exposed............ days.. 128 127 149 128 239 239 239 182
Condition................... ... - B. C. B. A, Cc.|- C. C. B.
Water absorption:

119 days............. per cent. . 9.6 14.7 16.0 10.3 12.6 1mij........ 13.5
Inl5days....cooveennan.n o e e ) PO 10.21........
Average for first—

5 n.ys ................ do.... 1.20 2.0 2.26 106 |........ 1.34 1.57 1.84
12days............... [0 TR IS FUURUR IR PO [ R O P
Specific gmvxty (apparent) ... .._.. 1.097 | 1.061 | 1.024 | 1.096 | 1.070 | 1.084 | 1.088 1.077

‘ﬁ‘
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Extraction analyses.a

B. C.
Briquets. Briquets,
. tests 153
Fuel. Fuel. ’
Tests | . 154,155,
Test 139. [Test 149*. 138, 157+. 156.
Laboratory' No................ 3281 3487 [ . 3896 | 3559 4108 3657 4099
Air-drying loss. ..... percent..|..... feeen 4.60 120 0.5 0.90 |..oonnnnn. 0.80
Extracted by CSa: .
Air-dried............ do.... 0.43 1.06 7.67 6. 43 6.10 |....... . 5.75
As received.......... do.. - .4 1.01 - 7.58 6. 40 6.04 1.00 5.70
Pitch in briquets, as recelved .
percent........................4...‘ .............. 8.75 6.22 6.32 [.......... 5. 56

@ The extraction analysis of the pitches used can he found by referring to p. 40.

INDIAN TERRITORY NO. 8.

Bituminous coal sent in uninspected, designated Indian Territory

No. 8, was used in steammg test 437 and washing test 175.
CHEMICAL ANALYSES.

Indian Territory No. 8.

. Steaming Steaming
test 437. a test 437. e
Proximate: Ultimate:

Moisture. ... .. ..o..ocieeieenn..n 2.80 .Hydrogen........................ 4.91
Volatile matter. . .. e 35.67 Carbon...................... 75.63
Fixed carbon. ... 53.77 Nitrogen.................. 1.52
Ash......... . 7.76 Oxygen. 8.33
Sulphur........... e 1.58 Ash._ .. 7.98
Sulphur..........0........ 1.63

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TEST.

Indian Territory No. 8 (washed, Renfrow briquets).

Test 437.
Durationoftest........c.coeenan.... J e s hours.. 7.45
Heating value of coal........ ...l o ol B. t. u. per pound dry coal.. 13,932
Force of draft:
Undorstackda,mper ..... e e e e e e e ] i nchwater.. 0.70
. Above fire. .. ... . i do.... .05
Dry coal used per square foot of grate surface per hour 19.31L
Equivalent water evaporated per square foot of water-heating surface perhour........ do.... 3.43
Percentage of rated horsepower of boiler developed. .. .......coeeiiiiiiiii i iaiaannn 96.0
Water apparently evaporated per ponud of coal asfired............. ... ... .. pounds. . 7.45
Water evaporated from and at 212° F.: ' ’
Per pound of coal as fired. .. ... ... i 8.64
Per pound of dry coal................ + 8.89
Per pound of combustible............. 10.08
Efficiency of boiler, including grate 61.62
Coal as fired:
Per indicated horsepower hour 3.27
Per electrical horsepower hour........ . ... . ... s d 4,04
Dry coal:’
Per indicated horsepower hour 3.18
Per electrical horsepowcr hour......... ... ...l i 3.93
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WASHING TEST.
Incha.n Territory No. 8.

Test 175.—Jig used Stewart. Raw coal, 37,600 pounds. Washed coal, 32,300
pounds; 86 per cent. Refuse, 5,300 pounds; 14 per cent. .

Analyses..
Raw | Washed
coal. coal.

Moisture............... e eeae—nas S 3.77 8.97
Volatile matter..... e F e 32.65 |..........
lecd carbon........ et . e 51,15 ... ......
13. 43 8. 46
1.79 1.56

INDIAN TERRITORY NO. 9.

Semianthracite coal from Panama, on the Kansas City Southern
Railroad, was designated Indian Territory No. 9.

One sample, shipped uninspected, consisted of run-of-mine coal,
and was used in steaming tests 449 and 450 (on brlquets) , and br1-
quetting test 167. :

CHEMICAL ANALYSES.

Indian T erntmy No. 9.

a
Cor sam- Steaming tests.
ple. 449, 450,

Laboratory No................. e e 4020 }.......... 4325

Air-dryingloss.............. .o i 450 [oooniiii i,
Proximate: .

Moisture 3:81 3.39

Volatile matter 13. 62 - 17,15

Fixed carbon 76. 16 72.04

Ash... 6. 41 7.42

Sulphu 1.17 1.15

Ultlmate

Hydrogen 4.39 4.23

arbon. .. 84.20 82.89

Nitrogen 1.72 1. 61

Oxygen. . 1.75 2.40

Ash..... 6. 60 . 7.68

Sulphur i . - 1.22 1.19

calories..| 7,500 [................l.

Calorific value determined (as received). {B. tou...| 130662 |l

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample. .
STEAMING TESTS.

Indian Territory No. 9 {run of mine).

Test 449. | Test 450.

Size as used:

Over 1inch.. 7.5

. iinchtoline 8.1
inch to 4 inch. 12.4 |}Seep. 152

Under % inch. . .do.... 72.0

Average diameter e ieeieaeieeaeaa ....inch.. 0.35
Duration of test.. ... .. . ... i .. 10.2 9.97
Heating value of fuel. ...........cociiiieiiiiiiin. B. t. u. per pound dry fuel. 14,682 14,602

Force of draft:

Under stack damper .............................................. inch water.. 0.77 0.77

ADOVE BT, oo i do.... 14 12
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STEAMING TESTS-—Continued.

Indian Territory No. 9 (run of mine).

Test 449. | Test 450,
2,513 2,738
18.62 T 18.47
POUNAS. . i . 3.46 3.65
Percentage of rated horsepower of boiler developed.............. . 97.0 102.2
Water apparently evaporated per gound of fuel as fired 7.51 8.00
Water evaporated from and at 212° F.:
Per pound of fuel as fired. 8.96 9.56 °
Per pound of dry fuel... 9.31 9.89 -
Per pound of combustibl 10.62 11.10
Efficiency of boiler, including gra 61.24 65.41
Fuel as fired: .
Per indicated horsepower hour......... et eeas pounds.. 3.16 2.96
Per electrical horsepower hour........ «.oeeeiiiieiiiiiiieeeeaanio.. do.... 3.90 3.65
Dry fuel: .
Per indicated horsepower hour............ eeeean N do.... 3.04 2.86
Per electrical horsepower hour. ..............oiiiiiiiiiiiiia .. do.... 3.75 3.53

Remarks.—Test 450 on briquets from test 167: Fuel burned with short flame, devel-
oping very high temperature and no smoke. A small amount of clinker was formed,
which did not stick to grates.

BRIQUETTING TEST.

Indian Territory No. 9 (run of mine). -

Test 167.—Size as used: Over % inch, 0.8 per cent; ¢ inch to } inch, 3.6 per cent;
7 inch to 14 inch, 12.6 per cent; # inch'to 45 inch, 25.2 per cent; through #; inch,
57.8 per cent. Excellent briquets made with 7 per cent pitch, which could be reduced
by increasing pressure of machine. Briquets were hard, with smooth surface and
glossy, clean fracture; easily handled from machine while hot, but became somewhat
brittle when cold. For analyses of briquets see page 151 (steaming test 450).

Details of manufacture: . Dro%test (1-inch screen): -
Machine used....... .. Renf. eld........ per cent. . 62. 5
Temperature of briq 176 Passed... ...do.... 37.5
Binder— - Tumbler test

Kind..oooeiiienniiaoan. .| w.g. p- Held......... ...do.... 82.6
Laboratory No. (see p. 412 Passed (fines)................ do.... 17.5
Amount............... per cent. . 7 Fines through 10-mesh sieve.do.... 93.0
Weight of— . _ || Weathering test:
uel briquetted........ pounds..| 70,000 Time exposed......-c....... days.. 31
- Briquets, average......... do.... 0. 459 Condition..... ...l B.
Heat value per pound— Water.absorption:
Fuel as received........ B.t.u..] 13,662 In18days................ per cent_ . 16.6
Fuel as fired ..do....[ 14,103 Average for first 5 days..... do.... 2.62
Binder............... ... ....| 17,060 || Specific gravity (apparent)............ 1.090

Extraction analyses.

. Briquets,

Pitch. Fuel. tost 167.

Laboratory No.......... e et eeaeeeaaaaaas e 4325

AQr=-Arying 1088, « oottt e 3 0.90
Extracted by CS,: .

Adr-dried . . ..o e . . 6.20

Asreceived............o.oiiaiill e . . 6.14

Pitch in briquets as received .. | 5.83
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KANSAS.

KANSAS NO. 2.¢

Bituminous coal from the lower Weir-Pittsburg bed at Yale, Craw-
ford County, was designated Kansas No. 2 B. The coal, as worked at
a depth of 36 feet at this place, averages 3 feet in thickness.

One sample consisted of slack coal, shipped uninspected, and was
used in steaming tests (on briquets) 487, 488, and 495; washing tests
191 and 191a;. and briquetting tests 182%f, 183%, 194* 195, 199%
203%, and 204*, '

CHEMICAL ANALYSES.

Kansas No. 2 B.

Car Steaming tests.e ﬁl?:riquettiug tests.b
sam-
5}3 487. 488. 495. 195. | 199.% | 203.% | 204

Proximate:
8.01 9.43 4.64 7.64 4.23 2.78 2.89 3.20

Volatile matter. 29.71 | 28.40 | 32.49 | 32.64 | 31.67 | 33.04 33.95

: 43.67 | 46.56 [ 51.52 | 53.57 | 46.78 | 52.26 51,53

17.19 ] 20.40 8.35 9.56 | 1877 1181 11.32
4.15 4.49 3.60 3.36 4.36 3.84 3.82

458 47| 3.90 478] 395 395

a Proximate analysis of fuel ‘as fired; ultimate analysis of dry fuel figured from car sample.
b Proximate analysis of fuel as received; ultimate analysis on dry basis. )

STEAMING TESTS.
Kansas No. 2 B (briquets).

Test 487. | Test 488. | 4oz (w).

"Duration of test... .......ieeeeeiee .. N hours. . 9,056 7.70( . 9.72,
Heating value of fuel ‘B. t. u. per pound dry fuel..| 12,193 11,767 13,811
Force of draft with reference to atmospheric pressure: :

‘Under stack damper...... S inch water.. 0.82 0.80 0.84
Above fire.......... et do.... .17 .17 .18
Furnace temperature, . ... . oo it b N PO, P 2,862
Dry fuel used per square foot of grate surface per hour........ pounds. . 19.43 22.00 20. 30
Equivalent water evaporated per square foot of water-heating surface
223 o 1T 15 pounds. . 3.10 3.44 3.81
Percentage of rated horsepower of boiler developed..................... 86.8 96. 6 106.8
Water apparently evaporated per gouud of fuel as fired pounds 5.97 6.19 7.18
Water evaporated from and at 212° F.:
Perpound of fuel asfired............ccoveeeiiiieeiiiiaaoa.. .. 7.22 7:48 8.67
* Per pound of dry fuel...... et 7.97 7.84 9,39
‘_Per pound of combustible . 10.11 10.20 10. 53
Efficiency of boiler, including grate 63.12 64. 34 65. 66
Fuel as fired:
Per indicated horsepower hour 3.92 3.78 3.26
Per electrical horsepower hour.............c.ooeeiiiinunnen.nn do.... 4.84 4.67 4.03
Dry fuel: .
Per indicated horsepower hour............................... do.... 3.55 3.61 301
Per electrical horsepowerhour. ... ....................o ... do.... 4.38 4.45 3.72

o For other tests of coal from this mine, made during 1904, see Bull. U. S. Geol. Survey No. 261, 1905,
pp. 44, 81, 125, 159, and Prof. Paper U. S. Geol. Survey No. 48,°1906, pp. 84, 227, 593, 1345, 1443.
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Remarks.—Test 487 on briquets from test 182 *1; test 488 on briquets from test 183 *,
English briquets fired whole burned freely with hot fire and 2.5 per cent black smoke.
Renfrow briquets burned quickly with medium flame, intense heat, and no smoke.
English briquets made 40 per cent and Renfrow briquets 51 per cent clinker. Clinker
in both tests was very thick, nonporous, hard to break up, and nearly black in color.
It did not stick to grates.

Test 495 on briquets from test 194*. Burned freely with short flame, and high
furnace temperature; without breaking; made 1.5 per cent black smoke; 46 per cent
clinker; ash contained unburnt, fine coal, due to dlsmtegramon of briquets during
combustlon (See p. 155.)

WASHING TESTS.

Kansas No. 2 B (slack).

Test 191. | Test191a. Test 191. |Test 191a.
Dumgion of test..... hours. . 2 33 bRaw coal............ atons. . 235;00 gg‘go
Jig adjustment: . - ...do..... 18.1 5.25
Make or number......... Special. | Special. Washed coal........ {per cent.. 79 65
Speed........... r.p.m.. 70 (1] Refuse {tons ...... ) 4.9 13.75
Stroke........... inches.. 23 2| R per cent.. 21 35
Analyses.
Ash. Sulphur.
Sample tested. ) II{?(}) . lﬁ?ri:' per |Pereent| po. |Percent
- A - cent reduc- t reduc-
tion. cent. tion.
‘Raw coal, car sample....... eieens . 4361 | . 8.01 20.38 |....o..... 470 f.oo..lL
Washed coal: |
Test 191, eeeiei e .. . 8.88 56 |. 3.72 21
Test 191a . 9.53 10.87 47 3.80 19
Refuse. .oveeeie i 76.50 e 11.32 | .........
Float and sink tests.
Perc%r(l)tlage of Analyses.
Specific
. gravity Sink Ash. . Sulphur.
No. of test. . of solu- To (per
fon | o WO [ eent). Per Per
used. | refuse. | OV 1, Per | cent | Per | cemt
ample. cent. | reduc- | cent. | reduc-
tion. tion..
On raw coal (preliminary):
1 1.36 f........ 66 34 2.63 44
1.41 |........ 74 26 2.78 41
1.47 ... 78 22 3.19 32
156 f........ 81 19 3.31 30
1.35 9 1.94 ... ... 2.58 |.eain.n
1.40 10 2,16 |........ 2,92 |........
1.46 10 2,167 |........ 3.57 |.......
1.53 10 2,16 ..ol 3.8l [.......-

e Loss of good coal, 2.16 per cent. -~
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BRIQUETTING TESTS.

Kansas No. 2 B.

Tests 182*, 188*, 199% (raw slack).—Size as used: Over } inch, 1.0 per cent; ¢ inch
to } inch, 4.8 per cent; 5% inch to ¢ inch, 12.6 per cent; #; inch to 4% inch, 23.6
per cent; through 4 inch, 58.0 per cent. Briquets showed the same characteristics
as those made from washed coal, except that they were harder when cold; fracture
harder and rougher, owing to high ash present. For analyses of briquets see page 153
(briquets from test 182%t under “Steaming test 487,” from test 183* under ““Steaming
test 4887).

Tests 194%, 195, 208%, 204* (washed slack).—Size as used: Over } inch, 0.8 per cent;
£ inch to } inch, 4.8 per’ cent; 4y inch to 1 inch, 12.6 per cent; 7y inch to 4 inch,
21.4 per cent; through 7y inch, 60.4 per cent. Satisfactory English briquets were
made with 7 per cent binder and Renfrow briquets with. 8 and 9 per cent binder; there
being no apparent difference in these two kinds. All had smooth outer surface, were
well molded, with sharp edges, clean, rough fracture, and did not break in handling
while warm. After the briquets became cold those with 9 per cent binder showed
less effect of abrasion than those with 8 per cent binder. Renfrow briquets showed
deficiency of pressure. For analyses of briquets see page 153 (those from test 194*
under “Steaming test 495°7).

_From raw slack. . From washed slack.

Test | Test | Test [ Test | Test | Test | Test
182%f, | 183* | 199*. | 194%, 195. 203%. | 204*.

Details of manufacture:

Machineused......................... ...| Eng.| Renf. | Renf. | Eng. | Eng.| Renf.| Renf.
’ll;’om erature of bnquets ........... °F.. 158 149 149 176 176 149 149
inder— .

Kind.oooooo e w.g.p.| W.8.p.| w.gp.|w.g.p.| W.g.Dp.| Wwgp.| wgDp.

Laboratory No. (see p. 40)........... 4543 4543 | - 4683 4543 4683 4683 4683

Amount................... per cent. . 7 7 8 7 7 8 9
Weight of—

Fuel briquetted............ pounds. .| 40,000 | 40,000 | 68,000 | 12,000 | 24,000 | 16,000 | 24,000

Bng]ucts BVETAZe. o evunnnnnn . do....| 3.95| 0.482 | 0.455 3.65 3.61 | 0.441 0.417
Heat value per pound— .

Fuel as received............. B.t.u..| 10,640 | 10,640 | 10,640 | 13,243 | 13,243 | 13,243 | 13,243

Fuel as fired.. ....do... 11,043 | 11,221 11 795 12 841 {12,982 | 13,012 | 13,104

Bm ........................ ....| 16,969 | 16,969 16 637 16 969 | 16,637 | 16,637 | 16,637

89.1 69.0 61.0 84.9 81.4 64.0 52.5
10.9 31.0 39.0 15.1 18.6 36.0 47.5

85.2 91.0 88.5| 80.8 83.5 84.5 80.5

Passed (fines)............. ....do...| 14.8 9.0 11.5 19.2 16.5 15.5 19.5

Fines through 10-mesh sieve...... do....| 7.6 94.7 97.5 87.2 74.6 94.7 94.3
Weathering test:

Time exposed......ccueennan......days . 12 12 ... ... 4 2 PP P,

Condition. .. .cooiiviiiiiiiiiiiiiiiaa. B. ;O O A. Ao,
Water absorption: :

In19days...cocvveeaiininnn.. per cent. . 9.2 b O T R A PR PP P

In13days.............. JRR« o T PO P 12.4 8.7 9.7 13.6 12.9

Average for first 4 days.. ..do....| 1.15 1.95 2.23 1.35 1.43 | 2.50 2.23
Specific gravity (apparent).................. 1.198 | 1.170 | 1.143 1.122 | 1.105 | 1.044 1.098

Ezxtraction analyses.
Briquets.

Pitches. Fuel. | pegt | rest | Test | Test | Test | Test | Test

182%¢. | 183%, | 199%. | 194%. | 195. | 203%. | 204%. °

.| 4422 | 4660 | 4654 | 4655
6.20 |......]......

4361 | 4518 | 4374 | 4380 |..
| 6.60 | 8.20 { 7.00 | 3.00 |......[6.20 [......].ceei]oennns

50 .59 7.1216.99 |...... 7044 o]
As received . .47 | .54 |6.62|6.78|6.61|6.70 | 6.60 [ 7.02 | 7.83
Pitch in briquets as received

percent.. . ... 6.21 | 6.36 | 6.91 | 6.30 | 6.83 | 7.30 | 8.21

Laboratory No..
Alr-drym§ loss.

- Extracted by Ci

Air-dried. .
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KANSAS NO. 6.

Bituminous coal from Jewett, Linn County, on the Missouri
Pacific Railroad, was designated Kansas No. 6. The coal, as worked
at a depth of 88 feet at this place, averages 2 feet 10 mches in
thickness.

This sample, shipped under the supervision of W. J. Von Borries,
consisted of lump coal over a 1i-inch bar screen and was used in
making steaming tests 311 and 323; producer-gas test 101; washing
test 148; coking tests 113 (raw) and 115 (washed); and cupola test
122 (washed coal). _

Two mine samples were taken for chemical ana]ys1s Sample
2790 was cut 2,000 feet northeast of the shaft, where the coal meas-
ured 2 feet 10 mches in thickness. Sample 2791 was cut 1,200 feet
northwest of the bottom of the shaft, where the coal measured 2 feet
3 inches in thickness.

'CHEMICAL ANALYSES.

Kansas No. 6.

Ca ) Steaming tests.a
Mine samples. T —————

° sample- | g1y | 323 -

Laboratory No.......ocoeueveeeeeeeeeeeeee 2190 | 2791 |  esa3 (...l
Air-drying loss. .. .. I, 9.20 7.60 70 |

Proximate:

10.12 9.04 8.28 | 1171

Moisture........ .- .. 11.13 ;
Volatile matter. IO
Fixed carbon....

30. 25

Nitrogen........o.ooouiiiia .

Oxygen
h

Calonﬁc vaJue (as re ved):
Determined.......................L B. t..

~

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.

Kansas No. 6 (lump).

Test

Test 311. 323 (w.).

Size as used: :
Over 1inmch... ... ... i .- 42.8 -38.7
% inch to 1inch do.... 21.4 25.3
- %}inch to.}.inch... .. .. ceen 13.7 17.7
Under % inch..... el 221 18.3
Duration of test.................... . 9.98 7.20
Heating value of coal ..... ....... ... ... B. t. u. per pound dry coal..| 12,343 13,135

Force of draft:

Under stack damper : r. 0.58 0.52
Abovefire................. do.... .13 .15
Furnace temperature. ...... ... ... oot .. 2,313 2,670
- Dry coal used per square foot of grate surface per hour. 18.62 22.34

.
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STEAMING TESTS-—Continued.

Kansas No. 6 (lump).

Test
Test 311. 393 (w:)

Kquivalent water evaporated per square foot of wnter—hea.tin‘g surface per hour,
POUIAS. . et ea ettt ittt et e et e et e e et e aaaaan 2.93 3.80
Percentage of rated horsepower of boiler developed. .

Water a}ggarently evaporated 1g)er ]gound of coal as fired................ 6.03 6.24
Water evhporated from and at 212°F.: |
Per pound of coal as fired 7.23 7.53
Per pound of dry coal.... 7.88 8.52
Per pound of combustible. . .. .. 9.89 9.92
Lfliciency of boiler, including grate..................... .. . 61.65 62.64
Coul as fired:
Per indicated horespower hour 't 3.91- 3.75
Per electricat horsepower hour 4.83 4.64
Dry coal:
Per indicated horsepower hour 3.59 3.32
Per electrical horsepower hour 4.43 4.10

PRODUCER-GAS TEST.
Kansas.No. 6 (lump).

Test 101.—Size as used: Over 1 inch, 64 per cent; % inch to 1 inch, 17 per cent;’
% inch to 4 inch, 9 per cent; under } inch, 10 per cent. Duration of test, 133 hours.
Average electrical horsepower, 198.9. Average b. t. u. gas per cubic foot, 155.2.
Total coal fired, 4,500 pounds. . '

) Coal as Combus-
fired. |Prycoald “ine.
. Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: .

Commercially available, ... .._....... ... ... e 1.73 1.56 1.33
~ Developed at switchboard........................ ... e 1. 66 1.49 L27
Per brake horsepower: .

Commercially available. .. ... o . 1.47 1.33 1.13

Developed at engine - L4 127 108

Equivalent used by producer jalant (pounds).
Per clectrical horsepower:

Commercially available 1.84 1.66 1. 41

Developed at switchboa 1.76 1.58 1.35
Per brake 1orselpower:

-Commercially available 1. 56 1.41 1.20

Developed at engine. . ... iiiiiiiiiiiiii 1.49 1.35 1.15

Analyses.
Gas by volume.
Moisture...............oool et 3 Carbon dioxide (COg) 8.2
Volatile matter. ... R Carbon monoxide (CO) 21.0
Fixed carbon. .. Hydrogen (Hg).............. 12.7
Ash............ .13 Methane (CHy) ... 2.1
Sulphur.......... 3.04 | Nitrogen (Ny).. . 854
Ethylenc (CoHy)...... et .6

WASHING AND COKING TESTS.
Kansas No. 6 (lump).

Washing test 148.—Size as used, crushed to 2-inch. Jig used, Stewart. Raw coal,
24,000 pounds; washed, 22,000 pounds; refuse, 2,000 pounds.

.
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Coking tests.

Test 113 | Test 115
(raw). W.).
Size asused................ e e e f.c. f.c.
Duration of test. 47 49
Coal charged..... - 10, 000 12,000
. . 5, 4 , 439
Coke produced........ ...l e 511_3 3 53 2@
. 41

Breeze ]‘)roduced ........................................................ 341 9 49
Total yield............. et e 4 57.84 56. 15

Remarks.—Test 113: Light-gfay color; strong, heavy coke; ash and sulphur high.
Test 115: Light gray and silvery; strong, heavy coke; ash and sulphur reduced by

washing (compare test 113), but still high.

Analyses.
Washing test 148. | Coking test 113. Coking test 115.
Raw coal. Wc”(‘;;]fd Coal. | Coke. | Coal. | Coke.

Moisture. ... .9, 0 8. 58 1.01 - 12.29 0. 59

Volatile matter. . R 29.69 |.... 30.27 .64 30.30

leed carbon.. . 45,55 |. 45.92 75.07 47.21 82, 78

....... . 15.72 15.23 23.28 10. 20 16.07
Sulphur .................................. 3.72 3.47 3.45 2.63 2.49
Cupola test of coke made from Kansas No. 6 coal (washed).

’ CHARGE. -
Coke.a Divisions of charge.

Cugle | stesa - ota
es s Specifie| Ratio.| gtri aterials. . otal.
No. '%\}agt grav- |iron to fulllp 1. 2. 3. 4. 5

. ity. coke.
Per ct. Lbs. | Tbs. | Lbs. | Lbs. | Lbs.
63 63 62 62 430
122 115 1.90 7| 97.22 428 428 427 427 | 2,250 .
. 143 143 142 142 750
RECORD OF MELT.
Blast pressure. Weight of iron. Molting. Recovered.
: Iron

Cupola ran- g
test . Maxi-| nin Addi- | Rate | Ratio
No. On at— mum. | in _g Poured.| tional | Total.j Time.| per |iron to| Loss. |Iron.|Coke.

' melted. hour. | coke.
. Oz. Min. | Lbs. Lbs. | Lbs. | Min. | Lbs. Perct.| Lbs. | Lbs.
122 | 8.57 a.m.... 7 7| 1,468 230 (1,698 | 333,087 | 570, 6.80 1,098 132
LADLE RECORD.
Time Time
Ladle No. .| Pounds. (a.m.). . Ladle No. Pounds. (a.m.).
133 9.16 80 9.26
111 9.163 99 9.27 °
102 9.19% 82 9.28
83 9.20 61 9.34
100 9.22 75 9.35
98 9.22% 71 9.36
89 9.23 47 9. 36%
103 9.23% 54 9.37
80 9.24.

& Sulphur in ash, 0.02 per cent.
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KENTUCKY.
KENTUCKY NO. 2.0

Coke breeze from Earlington, Hopkins County, on the Louisville
~and Nashville Railroad, was designated Kentucky No. 22 B. A
‘sample shipped uninspected was used in washing test 143, in briquet-
ting test 102, and mixed with Illinois No. 20 in briquetting tests 103
and 104 (p. 88). _

WASHING TEST.

Kentucky No. 2B (coke breeze).

Test 148.—Jig used, Stewart. Ash: Raw, 46.30 per cent; washed, 26.10 per cent
reduction, 44 per cent. :

BRIQUETTING TEST.
Kentucky No. 2 B (coke breeze).

Test 102.—Size as used: Over } inch, 10.25 per cent; % inch to % inch, 31 per
cent; < inch to & inch, 18.75 per cent; o5 inch to 4 inch, 18.55 per cent; through 5
inch, 21.45 per cent. Machine used, English; temperature of briquets, 179.6° F.
Binder: Kind, c. t. p. and w. g. p.; amount, 6 and 7 per cent. Weight of fuel
briquetted, 50,000 pounds. :

Briquets were soft when hot, but on cooling were hard enough to handle satisfacto-
rily. Various mixtures made no apparent difference. All briquets showed coarse
structure and were easily fractured. Attempted boiler tests were discontinued owing
to difficulty in maintaining steam. Broken briquets burned better than whole ones.
Tor pitch analyses see page 40 (Nos. 2729, 2735, and 2748). All these briquets were
" gent to the Big Four Railway for preliminary locomotive test. ~The results were
unsatisfactory.

NTUCKY NO. 8.

Bituminous coal from bed No. 1 B, or ‘‘Bell-coal’’ bed, at Sturges,.
Union County, on the Illinois Central Railroad, was designated
Kentucky No. 8. The coal, as worked at a depth of 40 feet at this
place, averages 2 feet 8 inches in thickness.

One sample, shipped under the supervision of F. B. Tough, con-
sisted of run-of-mine coal, and was used in steaming tests 434 and 443; -
coking tests 164 and 165; and cupola tests 147, 155, and 156.

Two mine samples were taken for chemical analysis. Sample 3678
was taken 100 feet north of the opening, where the coal measured 2
feet 7% inches in thickness. Sample 3679 was taken 60 feet north of
the opening, where the coal measured 2 feet 9% inches in thickness.

aFor results of earlier tests of Kentucky No. 2 coal, see Bull. U. 8. Geol. Survey No. 261, 1905, pp.
46, 81, 159; and Prof. Paper U. S. Geol. Survey No. 48, 1906, pp. 91, 232, 649, 1348, 1444.
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CHEMICAL ANALYSES.
Kentucky No. 8.

c Steé.ming tests.a
Mine samples. ar lsg,m
; ple. 434. 443.
Laboratory No..................... R, . 3678 3679 3800 [evuninne]ianenaaann
Air-drying loss......... e 5.10 5.70 3.20 |oeii e,
Proximate: . -
Moisture. .......coiiiiiiii 7.46 8.09 5. 46 5.76 5. 53
Volatile matter .. 30. 69 30.10 30.99 30. 36 29. 68
Fixedcarbon...... ... ... ...l .. 57.25 56. 65 55. 63 56. 21 57.05
ASh . e 4.60 5.16 7.92 7.67 7.74
[S10130) 110 T <97 1.07 1.18 1.28 1.10
Ultimate: }
Hydrogen 5.07 4.73
Carbon.... 2.59 ©77.01
Nitrogen. 1. 1.26
. O;(ggen. g (lig
Sulphu : 1.16
Calorific value determined (as rccelved) '{B tou.| 13489 13’233 """ ER
Ltou... ,489 ... 3239 |

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.
Kentucky No. 8.

Test 434. | Test 443.
Size as used:
Over Lineh. ... e e e e 29.9 27.7
%inch to linch.. 23. 4 20.6
1inch to 4 inch.. . 15.6 15. 4
Under finch. . ... . 311 36..3
Average diameter. .. 0.77 0.80
Duration of test....... 9.1 9.72
Heating value of coal 14,026 14,044
Force of draft:
Under stack damper 0. 66 0.79
Above fire........ .05 T.14
Furnace temMPeratuire. .......oo.ventiemneneaeienaenaeneaeneeneneeana-0 Fofiiaiol 2,778
Dry coal used per square foot of grate surface perhomr............_..... pounds 19.65 20.12
Equivalent water evaporated per square foot of water-heati ng surface per hour,
pounds . 3.57 .31
Percentage of rated horsepower of boiler developed.......... 100.0 104.1
Water apparently evaporated per pound of coal as fired 7.35 7.44
Water evaporated from and at 212° F.:
Per pound of coal as fired 8.56 8.73
Per pound of dry coal...... 9.08 9.24
Per pound of combustible 10. 12 10. 36
Efficiency of boiler, including grate..... ... ..o i per cent.. 62. 52 63. 54
Coal as fired:
Per indicated horsepower hour. ....... ... ... .. iiiiiiiaiia.. pounds 3.30 3.24
Per electrical horsepower hour...................... T, do.... 4.08 4.00
Dry coal:
Per indicated horsepower hour........ ... ... ... ... ... do.... 3.11 3.06
Per electrical horsepower hour. ......... .. ... il iiiiiiiiiiiiiiann do.... 3.84 3.78
COKING TESTS.
Kentucky No. 8.
Test 164. | Test 165.
Sizeas shipped.......... ... ... PN r. 0. m.
Sizeasused................. el f.c.
Duration of test. 51
Coal charged... .. 12,840
Coke Produced. - - .. oottt ittt et e i caeaaaaeaaas : '(73'18%(5)
Breeze produced 233{
Total yield 63.91
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Remarks.—Test 164: Gray color, with a little silvery deposit of carbon; breakage
good, regular-sized pieces;. cell structure large. Test 165: Gray color, with a little
silvery deposit of carbon; breakage good, large pieces of regular size; cell structure
large. Some improvement over test 164; yield somewhat higher, with increase in

ash and sulphur.
Analyses. -

Test 164, Test 165.

Coal. Coke. Coal. Coke.

MOISBUIe. .« o eu et et ., 4.97 0.50 5.49 0.47
Volatile matter. .. 30.87 .65 30.36 .50
Fixed carbon..... 56. 66 87.96 55,49 86.10

Ash.o.....o... 7.50 10.89 8.66 | . 12.03
SulphUr. L e 1.23 .93 1.27 1.14
Cupola tests of coke made from Kentucky No. 8 coal.
CHARGE.
Coke. Divisions of charge.
Fluid- ’ ©
Cupola S :
: pe- ity :
tl\?(s)t Test | cific l?of;lﬂt% thiilp Materials. L N N . 5 Total.
No. | grav- |\ gy, | full .
-l
Per ct Lbs Lbs Lbs.8 ,ng] Lbs. | Lbs.
. Coke....... 200 58 5. 57 4
147 164 1.90 7 97.22 Pig iron g(llg 522 5.513 5;3 5‘;(2) 3,000
oke....... 5
155 164 1.90 6 93.05 gi iron 838 540 522 540 %g 3, goo
oke....... 2 44 75
156 16| 1.9 8| 93.00 \pigiron....| 800| 50| 550 | 550 | 550 | 3,000
RECORD OF MELT.
Blast 'pressu re. ‘Weight of iron. Melting. Recovered.
Iron
Cupola :
tost : Moxicl nine Addi- Rate 1}?‘(};10
No. On at— munlx- g poyred.| tional | Total|Time.| per o | Loss. | Iron.|Coke.
|| A . | melted. | hour. coke.
0z. | Min. | Lbs. | Lbs. | Lbs. | Min.| Lbs. Perct| Lbs. | Lbs.
147 7 11| 1,556 403 [ 1,959 | - 31| 3,79L| 553 | 470 | 900 76
155 7 8] 2,101 361 | 2,462 38 13,887 | 58] 593} 360 79
156 7 11| 2,124 203 | 2,327 32 (4,651 | 7.94 5.80‘ 499 82
SILICON, MANGANESE, ETC.
Silicon. Manganese. Sulphur.
)
Content
: of coke
Cupola Amount com-
test Materials. used Per Per - Per bined
No. (pounds).| ont Pounds.| .. |Pounds.. cent Pounds.| with
g : : .iron
m(eltcd
per
cent).
Pigiron.........|.......... 2.12 41.53 0.178 |- 3.487 | 0.59 1.1558
Melted iron:
147 Amount..... | ..., 1.80 35.26 . 096 1,881 L0687 | 1.3125 " 4.65
Gain orloss..|.......... ~15.12 | —.6.27 |—~46.06 | —1.606 | +.008 |+ .1567
Coke..oovvannn... b2 132 DA PR (R ] PR .93 3. 3666
Pigiron.........[.......... 2.12 | * 52.19 178} 4382 050 | 1.4526
Melted iron:
155 Amount ... .| ... 1.72 42.35 .123 3.028 .079 [ 1.9450 12,37
Gainorloss..|.......... —18.85 | — 9.84 [~30.90 | —1.354 | +.020 |+ .4924
Coke............. L2 I N P ] PO .93 3.9897 |
Pigiron..........|.......... 2.12 49.33 .178 4.142 .059 | 1.3729
Melted iron: E
156 Amount......|.......... 1.82 42.35 J11 . 2,583 .083 | 1.9314 19.95
Gainorloss. .|.......... —14,15 | — 6.98 |—37.64 | ~1.550 | 4-.024 |+ .5585
Coke....oouu..... 201 A PR [N P P, .93 2.7993

19698——B111.L No. 332—08—11
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Cupolu tests of coke made from Kentucky No. 8 coal—Continued. v
LADLE RECORD.

Test 147. Test 155. Test 156. | Test 147. Test 155. Test 150.
Ladle | =2 ] 2 Ladle| # L] 2
No. E Time g Time g Time || No. g Time g Time g Time
3 |(pm).) 3 |[(p-m).| 3 [(a.m.). 2 |pom).| 3 |(p-m).| 3 [(& m.).
& = &~ ~ A~ [
lo..... 86 3.47 67 3.54 32 11.10 106 412 107 | 11.28
2. 86 3.473 97 3.57 94 [ 11.13 85 4.14 94 | 11.29
3. 40 3.48 39 3.574 82| 11.133 81 4143 91| 11.294
4. 72 3.52 81 4.00 70 ( 11.18 105 415 .93 11.30
: T a1 3.524 113 4.01 | 102 | 11.183 76 4.17 89| 11.32
6...... 94 3.53 85 4.03 ] 100 | 11.19 76 4.174 102 | 11.32%
Toeona 67 3. 56. 87 4,034 70| 11.22 104 4.18 100 1 11.33
8 ... 102 3.563 103 4041 101 | 11224 66 4.23 85 ( 11.36
[ S 98 3.67 90 4.07 | 102 | 11.23 64 4.234 100 | 11.36%
10..... 88 4.03 79. 4.073 59 | 11.24 85 4.24| 103 | 11.37
m..... 84 4,033 108 4,08 | 104 | 11.24% 65 4.25 75| 11.39
12..... 94 4.04 84 411 92 | 11.27 55 4.26% ... i
13..... 168 | -4.043 75 4113 77| 11.273 25 426 |,

Remarks.—Tests 147, 155, 156: Pig iron used from car 27633; temperature of iron,
medium. : : .
KENTUCKY NO. 9.

Bituminous coal from bed No. 9, at McHenry, Ohio County, on the
Illinois Central Railroad, was designated Kentucky No. 9. The coal,
as mined at a depth of 50 feet at this place, averages 4 feet 6 inches in
thickness. : . ‘

Two samples were shipped under the supervision of K. M. Way, as
follows: Kentucky No. 9 A consisted of nut coal through a 1}-inch
screen and over a g-inch screen, and was used in washing test 182,
coking test 167, and cupola tests 149, 162, and 163. Kentucky No.9B
consisted of run-of-mine coal, and was used in steaming test 462.

Two mine samples were taken for chemical analysis. Sample 3722
was taken 200 feet north of the shaft, where.the coal measured 4 feet
6 inches in thickness. Sample 3723 was taken 550 feet north of the

shaft, where the coal measured 4 feet 5% inches in thickness.

CHEMICAL ANALYSES.
Kentucky No. 9.

: Carsam- | Steaming
Mine samples. | 1o (A). | test 462.0
Laboratory No............. 3722 3723. 3865 |.oaeannn-
Air-drying loss..... : . e . 3.30 2.90 3.50 ...
Proximate: '
MOTSEUTE. oo e en et et e 10.03 9.89 8.70 8.04
Volatile matter. . ... . ... ... 36.06 35.70 35.00 32.63
Fixed carbon. ... ... ... i 46.24 45.72 47.34 49,28
7, ) - N 7.67 8.69 8.96 10.05
Sulphur. ... 2.56 2.45 3.14 2.97
Ultimate: o L
Hydrogen...........cooiiimiiiionan i 5.61 4.83
CaTbOD. ..ot .. 65.63 71.12
Nitrogen...... ... o e 1.20 1.45
Oxygen Y ... 15.46 8.44
Ash_.... .. PO P A, 10.93
Sulphur ] P (Y E 3.23
Calorific value determined (as receiyed) - 1(25; 3(7)2

o Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from'car sample.
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STEAMING TEST,
Kentucky No. 9 B.

163

Test 462.

Size as used: i .

Over 1inCh. .. o s 32.3

iinch to 1inch. 26.4

inch to 4 inch. . 16.6

Under % inch...... 24.7

Average diameter 0.83
Durationof test.................. 10
Heating value of coal 13,084
Force of draft:

Under stack damper.........ccoeveieeevnnen.. e ettt 0.70

Abovefire............ooolll . .19
Furnace temperature 2,742
Dry coal used per square foot of grate surface per hour po 21.48.
Equivalent water evaporated per square foot of water-heating surface per hour...... do.... 3.69
Percentage of rated horsepower of boiler developed........... ... ... ... 103.5
Water apparently evaporated per gound ofcoalasfired........................... pounds. . 6.55
Water evaporated from and at 212° F.:

Perpound of coal asfired. ... ... ..o o i 7.92

Per pound of dry coal............... 8.61

Per pound of combustible............. 9.97
Efficiency of boiler, including grate 63.55
Coal as fired:

Per indicated horsepower hour 3.57

Per electrical NOISEPOWET DOUT . ... .. ittt ittt ete e e aaaaanaanns d 4.41
Dry coal: .

Per indicated horsepower hour 3. gg

4.

Per clectrical horsepower hour....................... e e ettt

WASHING AND COKING TESTS.
Kentucky No. 9 A (nut).

sthing test 182.—Jig used, Stewart. Raw coal, 19,125 pounds; washed coal, 15,698

pounds, 82 per cent; refuse, 3,427 pounds, 18 per cent.

Coking test 167.—Size as used, washed, finely crushed. Duration of test, 51 hours.

Coal charged, 12,190 pounds. Coke produced, 6,360 pounds, 52.17 per cent.

Breeze

produced, 309 pounds, 2.54 per cent. Total yield, 54.71 per cent. ' Light gray and

silvery; fine-fingered coke; high in sulphur; good coke.

Analyses.
Washing test 182.| Coking test 167.
Raw | Washed
coal.” coal. Coal. Coke.
MoiSture. ..o oe i 8.70 9.09 9.12 - 1.01
Volatile matter .- 3500 f.......... 35. 42 .69
Fixed carbon......... .. 47.34 |.......... 47.88 86. 46
Ash_o..oiiilll .. 8.96 7.22 7.58 11.84
Sulphur. ... 3.14 2.61 2.58 1.96
Cupola tests of coke made from Kentucky No. 9 A ‘coal (washed).
: CHARGE. :
Coke. . . Divisions of charge.

Cupola F li‘é'd' - .

test | mee; |Specific] Ratio, sty | Materials, Total.
No. No grav- |iron to fullp 1. 2. 3. L4 5.
: ity. coke. :
. Per ct. Cok Lb]s7. Lbsﬁ.r’ Lbs. Lbsﬁ.5 Lb(s}. Lb.s-é
. \ : oke....... 170 5 65 5 430
149 167 1. 86 7| 9583 }j“i ron. ... (1;%) 523 5§(1) 52({ 53? 3, ggg
Joke....... ' E
162 167 | | 1.86 8 , 94. 44 gi iron. ... ?gg 5§g '5,-8,(8] % %0 3, 0588
< ) , oke.......|

163 167 5.8 6 9861 Rpigiron....| 760| 560 560| 560 | 560 | 3,000
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Cupola tests of coke made from Kmtuélcy No. 9 A coal (washed)—Continued.

RECORD QF MELT.

Blast piessure.

Weight of iron. Melting. Recovered.
Iron
Cupola run-
test . Maxi-| nin . Addi- Ratio | Ratio,
No. On at— mum.| in f Poured.| tional |Total.| Time.| per [ironto| Loss. |Iron.|Coke.
. : . melted. hour. | coke.
Oz. Min. | Lbs. Lbs. | Lbs. | Min. | Lbs. Per ct.| Lbs.| Lbs.
149 | 3.08 p. m.... 7 9| 2,282 228 | 2,510 28 | 5,378 | 6.66 | 8.0 250 53
162 | 10.45a.m:.. 7 10 [ 2,161 356 | 2,517 32| 4,719 | 7.70 | 5.471 319 48
163 1 3.35 p.m.... 7 10 2,230 123 | 2,353 42 | 3,361 . 0 2.97 | 558 29
SILICON, MANGANESE, ETC.
Silicon. Manganese. Sulphur.
! Content
Cupola " ) Ammént o(f: gﬁllfc
test aterials. use ¢
. Per Per Per hined
No. (pounds). cent. |Founds.| Lo |Pounds.| ... |Pounds.| iy tron
melted
(per
cent).
Pigiron......... ..ol 2.12 53.21 0.178 4.468 | 0.059 | 1.4809
Melted iron: .
149 Amount......|.......... 1.83 45.93 133 3.338 .079 | 1.9829 6. 69
Gainorloss...|[.......... —13.68 | — 7.28 |—25.29 | —1.130 |+ .020 j+ . 5020
Coke.....coo..o... S5 PN PSP I BT 1.96 7. 5068
Pigiron..........foeoeeiaa 2.10 52. 86 . 163 4.103 .098 | 2. 4667
Melted iron:
162 Amount......|.......... 176 | - 44.30 . 120 3.020 L8 [ 2.9701 7.73
Gainorloss...[.......... —16.19 | — 856 |—26.39 | —1.083 (+ .020 (+..5034
Coke...ooceevnnnn. 332 e e 196 6. 65072
Pigiron...........)oeceiiin 2.10 49. 41 . 163 3.835 .098 | 2.4059
Melted iron:
163 Amount..... |.......... 1.73 40.71 . 096 2.259 1351 3.1765 829
l Gainorloss...j.......... —17.61 | — 870 |—41.09 | —1.576 {+ .037 {4+ .7700 '
Coke.............. L 130 PR FR N FO 1.96 9. 2924
LADLE RECORD.
Test 149. Test 162. Test 163. Test 149. Test 162. Test 163.
Ladle p Pt T Lﬁdle T T im)
o. |y ime |1 ime ime 0. ime ime im)e
Lbs. Lbs. Lbs. Lbs. Lbs. S.
(pam.). (am.). (pm.). bs. | pam.).| 105 | (am.).| PS5 | (p.m..
l.....; 90 3.23 84| 11.00 ) 66 3.49 | 14....| 106 3.34 84 | 11.143 136 4,12
2.....] 50 3.2341 96| 11.03 | 114 3.51 | 15....| 83 3.35 | 100 | 11.15 86 4.17
3.....4 3.25 1 105 | 11.033 110 3.54 || 16....] 96 3.354 80| 11.18 95 4.17%
4.0 96 3.253 96| 11.04) 103 3.55 0 17....] 110 3.36 86 11.18% 130 418
5..... 69 3.26 80 | 11.07 30 3.554| 18....| 83 3.37 96 | 11.19 90 4.24
6..... 88 3.28 | 101 | 11.073 128 | *4.02 |1 19....| 104 3.373 126 | 11.23 | 148 4.243
Toennn 102 3.284) 89| 11.08 96 4.0241 20....1 102 3.39 69| 11.233 98 4.25
8..... 18, 3.29 82| 11.09 97 4.03 || 21....] 78 3.304 - 79| 11.24 88 4.206
9..... 91 3.31 97 | 11.09%! 100 4.07 || 22... 97 . . .
10..... 100 3.313 8| 11.11 91 4,073 23... 97
1I..... 115 3.32 83 |o11.113| 126 4.08 || 24.. 67
12..7.. 79 3.33 93 | 11.12'| 100 4.11 || 25.. 85
13..... 98 3.3334 88 11.14 | 100 4.113]

Remarks.—Test 149: Pig iron used from car 27633.

Pig iron used from car 131943.

Iron hot. T

Temperature of iron, medium.

ests 162 and 163:
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MARYLAND.
MARYLAND NO. 2.

165

Bituminous coal from the Big vein or Pittshurg bed at Frostburg,
Allegany County, on the Baltimore and Ohio Railroad was desig-
nated Maryland No. 2. The coal, as worked from the outcrop at this

place, averages 8 feet 10 inches in thickness.

One sample, shipped under the supervision of John W. Groves,
consisted of run-of-mine coal and was used in steaming tests 490, 493
(on briquets), and 518 (on briquets), and briquetting tests 191,192,193,

and 2317.

Two mine samples were taken for chemical analysis.

Sample

4334 was taken 6,600 feet southwest of the opening, where the coal
measured 9 feet 4 inches in thickness. Sample 4335 was taken 4,500
feet south of the opening, where the coal measured 8 feet 34 inches

in thickness.
CHEMICAL ANALYSES.

Maryland No. 2.

. - Steaming tests.c Steaming tests.s
Mine samples. ‘
490. | 493. [ 518. 490. | 493. | 518.
Laboratory No..... 4334 | 4335 |....... 4415 | 4767 || Ultimate:
Air-dryingloss...... 2.00 180 [ceeeencfoeeient]enanenn Hydrogen...... 4,44 | 4, 4. 61
Proximato: . Carbon........ 82.18 | 81.52 | 83.26
Moisture........ 2. 54 2.47| 2.35| 6.8 | 4.21 Nitrogen....... 148 179 1.64
Volatile matter.| 18.23 | 18.17 | 16.97 | 19 71 | 20:71 Oxygen ........ 2.77 | 3.44 2.68
I‘xxcd carbon.. 73.09 | 73.06 | 72.53 | 66.01 | 68.54{  Ash............ 8.35| 8.00 6.83
............. 6.14 6.30 | 815| 7.45| 6.54 Su]phur. s 78 .92 | .98
Sulphur ......... .87 .79 .76 .86 .94

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS. '
Maryland No. 2.

Test 490. | Test 493, | Test 518.
Size as used: .
Over 1inCh...ooiiiie e 17.4
4 inch tolinch...... 20.8
4 inch to yinch...... 20.2 |¢See p.166.|See p, 166.
‘Under £ inch.. ... 41.6
Avera.ge diameter. .. .60
Duration of test......... . . 9. 63 10.00 5. 42
Heating value of fuel....................... B, t. u. per pound dry fuel..| 14,515 14,576 14,717 -
Force of draft: -
Under stack damper. ... .c.oieiiiiiiiiiiniaraeennnean inch water.. 0.83 0.85 0.29
Above fire. .o i do.... .22 W21 .16
Dry fuel used per square foot of grate surface per hour........ pounds. . 20.12 21,13 22.81
Equivalent water evaporated per square foot of wn.tcr-hcat;mg surface
POr ROUT . ot e ittt pounds.. 4.06 4,32 2.44
Percentage of fated horsepower of boiler developed. .. .. 113.9 121.2 (8. 4
Water apparently evaporated per }gound of fuel as fired. . 8.16 7.87 8.45
Water evaporated from and at 212
Per pound of fuel as fired...... 9.87 9. 52 10. 25
Per pound of dry fuel.. 10.11 10.22 10. 70
Per pound of combustible. 11.24 11.35 12.23
Efficiency of boiler, including grat 67.26 67.71. 70.21
Fuel as fired:
Per indicated horsepower hour.. e 2.87 2.97 2.76
Per electrical horsepower hour. ...l do. 3.54 3.67 3.4
Dry fuel:
Per indicated horsepower hour...............coovvicieiiai.. do.... 2.80 2.77 2.64
Per electrical horsepower hour............coooiiieiiiienaen.. do.... 3.45 3.42 3.26
.'\
>
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Remarks.—Test 493 on equal weights of briquets from tests 191, 192, and 193; test
518 on briquets from test 231}; grate area reduced to 20.3 square feet. Square briquets
were fired whole, burned freely, with intense heat, and no smoke. Bed more uniform
with round briquets and temperature higher; no smoke. Square briquets made 56
per cent.clinker; round briquets made 47 per cent clinker.

BRIQUETTING TESTS.
Maryland No. 2 (run of mine).

Tests 191, 192, 198, 231+.—Size as used: Over }inch, 2.2 per cent; 1% inch to % inch,

9.8 per cent; 5 inch to {5 inch, 26 per cent; 7 inch to #; inch, 28.2 per cent; through

£ inch, 33.8 per cent. Various proportions of binder (5, 6, and 7 per cent) made

" equally good briquets on English machine. Briquet surfaces were smooth, firm, with

characteristic glossy fracture, and sharp edges. Renfrow briquets were satisfactory,

but owing to faulty operation in heater best results were not obtained. Excellent

briquets can be made from this coal with 5 per cent of binder. For analyses of bri-

quets see page 165 (briquets from test 191, 192, and 193 under “Steaming test 493,
from test 2311 under ‘ Steaming test 518 7).

Test 191. | Test 192. { Test 193. |Test 231¢1.
Details of manufacture:
Muchmeused.,.....................‘ ..... . Eng.- Eng. Eng. Renf.
mperature of briquets........... ... ool °F.. 185 185 185 131
Bm er— . .
0 4L w.g.p- v.g.D. | W.8. P w.g. P
Labomtory No. (see p. 40) 4543 4543 4543 4806
Amount... ... ...l i .. 5 6 7 8
Weight of—
Fuel briguetted..... Y S, - 4,000 4,000 4,000 17,000
Briquets, average..... e et do.... 3.35 3.32 3. 47 0. 453
Heat value per pound— - - .
Fuel asreceived. . ........o.oiiieiuiiinnannnnn. Ltoull| 14,162 14,162 14,162 14,162
Fuel as fired g c..d| 13,581 13,581 13,581 14,098
16 969 16, 969 16,969 16 864
75.9 .79.3 82.5 24.0
21.1 20.7 17.5 '76.0
74.0 78.2 80.2 66. 5
..do.... 26.0 21.8 19.8 |. 33.5
Fines through 10-mesh sieve. ... e 75.6 71.8 63.0 | 85.0
Weathering test:
Time exposed 5 5 5
Condition. . A A. A
Water absorptlon
Ini9days............. 11.9 . 6 10.5 14.4
Average for first 4 days. 1.45 1.85 1. 2.25
Specific gravity (appa,rent) 1.118 1.076 1.143 1.071
Ezxtraction analyses.
- Briquets.
>3 0 .
Pitches. Fuel. Tests Test
191,192, | 53
103. it
Laboratory No. .. oieii i eaaaa 4543 4806 4335 4415 47
Air-drying loss. . ... ..o percent.. | .........|ocoooians 1.80 6.00 3.
Extracted by CSs: ,
Adr-dried. ... ... s ~do il eiiean .21 5.77 7.
As received. ............ ..do... 99. 66 96. 90 .20 5. 42 7.
Pitch in briquets as received................ T P 5.25 7.

328 BY
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MISSOURL
. " MISSOURI NO. 5.

Bituminous coal from Higbee, Randolph County, on the Chicago

and Alton Railroad, was designated Missouri No. 5. The coal, as
~worked at a depth of 170 feet at this place, averages 3 feet 10'inches
in thickness. ' . '

This sample, shipped under the supervision of John W. Groves,
consisted of run-of-mine coal and was used in steaming tests 319 and
320, washing test 149, coking test 116 (washed coal), and cupola test
123. . .

Two mine samples were taken for chemical analysis. Sample 2795
was cut 3,400 feet northwest of the shaft, where the coal measured 3
feet 10 inches in thickness. Sample 2796 was cut 5,000 north of the
shaft, where the coal measured 3 feet 10 inches in thickness.

CHEMICAL ANALYSES.

Missouri No. 5.

~ Car Steaming tests.a
Mine samples. . ..
sample. | g5, 320.
LADOFRLOLY NO« .-+ o eeeeeeeeeeeeeeeeeeeeeeaeeeees 2795 | 2796 | 2865 |ovvenon e,
Air-dryingloss...... ...l . 10..80 11.50 1L.40 [ooooonifoeeann,
Proximate:
MOISEULE . 1ot e et e et 13.38 13.89 12.92 13.37 12.24
Volatile matter e 3417 33.36 33. 64 3L.46 31.55
Fixed carbon.. .. 42.43 41.23 39.82 39.78 40.10
........... .. 3 . 13. 62 15.39 16.11
X 5.03 5.35 5.33
5.43 4.43 4.40
57.16 63.53 63.13
Nitrogen. 90 1.01 1.00
Oxygen 86 7.90 7.04
Ash.. .. 17.76 18. 36
* Sulphur........ 6.18 6.07
Calorific value (as r ) s '
. calories. . 6,158 |..........
Determined .................o.ooll. B.t.u.| 11,084 | ...00000
Calculated from ultimate analysis. ... %"l?f’l‘;s“ """"""""""

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
STEAMING TESTS.

Missouri No. 5 (run of mine).

Test 319. | Test 320,

Size as used:
, Over 1 inch
4 inch to 1inch.
inch to % inch
nder 4 inch.
Duration of test.
Heating value of coal

Force of draft: .
Under stack damper............c.cooiiiiiiiiiiiiiiann... PR

Abovefire. ... ..........

Furnace temperature
Dry coal used per square foot of grate surface per hour P
Equivalent water evaporated per square foot of water-heating surface per
L0 P pounds. . 2.79 3.38

per cent. . 23.5 20.1
.do.... : :
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STEAMING TESTS—Continued.

Missouri No. 5 (run of mine).

Test 319. | Test 320.

Percentage of rated horsepower of boiler developed. .. .. ... ......ccccoiiiieenn.nn 87.1 94.7
Water apparently evaporated per g)ound of coalas fired................. pounds. . 5,39 5.54.
Water evaporated from and at 212°F':

Per pound of coal asfired. ... .. ... ...l ceee 6. 49 6.67

Per pound of dry coal... ... ........ .do.... 7.49 7.60

Per pound of combustible...._....... ...do.... 9. 36 9. 60
Efficiency of boiler, including grate 61. 57 62.90
Coal as fired:

Per indicated horsepower hour.. ... .. . ... . ..l pounds. . 4.36 4.24

Per electrical horsepower hour. ......c.coeeiieiiiiiiiliiiiiiiiiian. . do.... 5.38 5.24
Dry coal:

Per indicated horsepower hour. ... ... ... .. ..ol do.... 3.77 3.72

Per electrical horsepower NOUr. . .. ... couiiit it iaaaaans do.... 4.66 4.59

WASHING AND COKING TESTS.
Missouri No. 5 (run of mine).

Washing test 149.—Size as used, crushed to 2-inch.- Jig used, Stewart.” Raw coal,
15,300 pounds; washed coal, 12,900 pounds; refuse, 2,400 pounds.

Coking test 116.—Size as used, washed, finely crushed. Duration of test, 33 hours.
Coal charged, 10,000 pounds. Coke produced, 4,903 pounds; 49.03 per cent. Breeze
produced, 299 pounds; 2.99 per cent. Total yield, 52.02 per cent. Light gray and
silvery. Washing does not sufficiently reduce ash and sulphur; too high in sulphur
for metallurgical purposes.

Analyses.
LJ 0
Washing test 149. | Coking test 116.
Washed A

Raw coal. coal. Coal. Coke.
B0} 11711 12.92 13.93 13. 68 1.12
Volatile matter L. 3364 .l 34.82 .73
Fixed carbon... .. 30.82 |..eeian..n 42.26 82.64
Ash....... - . .. 13.62 9.08 9.24 15.51
SUIPRUT. - e s 5.03 3.62 3.60 3.40

Cupola test of coke made from Missouri No. 5 coal (washed).

CHARGE.
Coke. Divisi f ch: .
Cupola oke. Fluid- ivisions of charge ,
test Test Specific| Ratio slt?{ Materials. Total,
No. | N5 | grav- |ironto T 1. 2. 3. 4, 5.
. ity. | coke. g
Per ct. Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
Coke........ -190 60 60 60 . 60 430
123 116 1.88 7| 92.36 KPigiron..... 570 420 420 420 420 | 2,250
Scrap....... 190 140 140 140 140 | - 750
RECORD OF MELT.
Blast pressure. Weight of iron. Melting. Recovered.
Iron -
Cupola o i
test Max-| oon Addi- | | Rate | Batlo
No. On at— imom.| in _g Poured | tional {Total.| Time.| per to Loss. [Iron. |Coke.
: . melted. hour. coke,
0z. | Min. | Lvs. | Lbs. | Zbs. | Min. | Lbs. | Per ct.| Lbs. | Lbs. -
123 | 3.16p.mi. 7| 1,964 423 | 2,387 34| 4,212 | 6.25| 9.06 34t 48
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Cupola test of coke made from Missouri No. 5 coal (washed)—Continued.
LADLE RECORD.

Test 123. . Test 123.

Ladle No. R Ladle No. :

Time Time
Pounds. (p. ). Pounds. (p.m.).

67 3.29 58 3.46
85 3.33 70 3. 46%
81 3.34 94 3.47
54 '3.37 59 3.48
53 3.373 45 3.484
92 3.38 90 3.49
62 3.39 70 3.50
66 3.40 56 3.561
69 3.41 90 3.52
51 - 3.42 45 3.5%
634" 3.43 69 3.53
60 3. 43} 92 3.54
79 3.44 52 3. 543
91 3.45 39 3.55
62 3. 45}

Remarks.—Test 123: temperature of iron, medium.
MISSOURI NO. 6.

Bituminous -coal from a mine 1 mile east of Huntsville, Randolph
County, on the Wabash Railroad, was designated Missouri No. 6.
The coal, as worked at a depth of 77 feet at this place, averages 3 feet
8 inches in thickness. This sample, shipped under the supervision
of John W. Groves, consisted of lump coal over a 6-inch bar screen,
and was used in making steaming tests 326 and 327. This sample
was also allotted to be used in washing test 155, but the coal was
burned in the fire at the plant. .

Two mine samples were taken for chemical analysis. Sample 2817
was cut 900 feet north of the shaft, where the coal measured 4 feet in
thickness. Sample 2818 was cut 4,000 feet southwest of the shaft,
where the coal measured 3 feet 6 inches in thickness:

CHEMICAL ANALYSES.

. Missouri No. 6.

Steaming tests. s

Mine samples.
ple. 326, 327

Laboratory number. . 2817 2818 2004 f.......... cee
Air-drying loss 11.80 8.60 11. 60
Proximate:
MOISEULC. o e e ettt 14.01 11.38 13. 80 13.73 12.93
Volatilematter. ...l X
Fixed carbon.....
Ash_........... ...
101553 1 U PO
Ultimate:

%
Calorific value (as received):
Determined............cooiieennnian,

¢ Proximate analysis of fuel as fired; ultimate analysis of dry fuel ﬁéured from car sample.
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' STEAMING TESTS.

Missouri No. 6 (lump).

Test 326. | Test 327.

Size as used:

Over2inches. ... 25.7

2 inches to 1} inck ..do. 27.4

Over linch....... dooo.l 365 |.........

dinch tol3inches. . ... ... . .. il do....|... ...t 19.2

dinchtolinch... ... ... ... e do....] - 233 |..........

dinchtodinch.. ... ... ... L. e do.... 16.6 12.0

Under dinch. ... oo e do.... 23.6 15.7
Duration of test .. 9.92 10.03
Heating value of coal.................................] B.t.u. per pound dry coal..| 12,155 12,677
Force of draft: [

Under stack-damper inch water.. 0.73 0.75

Abovefire.....:....... .. e do.... .19 .18
Furnace temperatire. ... ... oottt et e e °F.. 2,476 2,561
Dry coal used per square foot of grate surface perhour.................. pounds. . 21,82 23. 06
Equiva(llent; water evaporated per square foot of water-he: g surface per hour, 2,66

POUNAS. oot e X

Percentage of rated horsepower of boiler developed 102.7
Water apparently evaporated per pound of coal as fired 5.75
Water evaporated from and at 212 °F.: .

Per pound of coal asfired...... ... ... ..ol e e 3 6.93

Per pound of dry coal.............. e 8 7.96

Per pound of combustible.......... e 3 . 9. 30
Efficiency of boiler, including grate.............o..coooiiiiiiiiiiiit 3 60. 64
Coal as fired:

Per indicated horsepower hour. .. ...o...oiiiiiiiiiiiiii .. -4 4.08

Per electrical horsepower hour....... d . X 5.04
JJry coal: .

Per indicated horsepower hour. . . 3.55

Per electrical horsepower hour 4.39

MISSOURI NO. 7.

Bituminous coal from a mine one-half mile northwest of Novinger,
Adair County, on the Quincy, Omaha and Kansas City Railroad,
was designated Missouri No. 7. The coal, as worked at a depth of
88 feet at this place, averages 3 feet in thickness. This sample,
shipped under the supervision of W. J. Von Borries, consisted of two
lots of coal—No. 1 nut, designated Missouri 7 A, used in steaming
tests 329 and 330 and washing test 152, and No. 2 nut, designated
Missouri No. 7 B, used in steaming test 332 and washing test 153.
This sample was also allotted to be used in washing test 154, but the
coal was burned in the fire at the plant. L

Two mine samples were taken for chemical analysis. "Sample 2823
was cut 1,700 feet northeast of the shaft, where the coal measured
3 feet 3 inches in thickness. Sample 2824 was cut 1,750 feet south
of the shaft, where the coal méasured 3 feet in thickness.
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CHEMICAL ANALYSES,

Missouri No. 7.

17

Car samples. Steaming tests.e
Mine samples. - A. B.
| No. 1 Slaek No. 2
nut. *| nut. 3929. 330 339,
Laboratory number 2823 2824 2936 2942
Air-drying loss........... 14.60 [ 13.70 [ 14.50 | 15.20
Proximate:
Moisture. ...l 17.19 ] 16.19 | 16.36 | 17.30
Volatile matter................. 34.05| 31231 29.12| 26.43
Fixed carbon.... : . 39.87 | 3501 | 32.89
Ash.o.oooo . 12.69 | 19.51 ) 23.38
Sulphur............ SR . 3.03 3.53 2.94
Ultimate:
Hydrogen : 3 5.04
Carbon. cvuneiiiiiiaiiiaiaans X 45.41
Nitrogen . .83
(02.477:03) | VN . 22.40
) et
Sulphur...................... .
Calorific value (as received):
Determined........... %ftl%rlgs. .
Calculated from ulti-{calories.:
mate analysis...... B.t.u...

aProximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.

Missouri No. 7 (washed nut).

, A. B.
=
Test 329. | Test 330. | Test 332.

Size a8 Shipped. ... ... oo e No.1 No.1 No. 2
Size as usedI:m :

Over 1inch. ... .. i percent.. 47.0 46.3 21. 4

4 inch to 1inch.. .. . 43.6

dinchtodinch. .. ... .. ... . 2.4

Under % inch. ... .. 13.6
Duration of test....... . 9.75
Heating value ofcoal...................... . 12,469
Force of draft:

Under stack damper...........o.ociieieniiiiiiiaaaa. 0.71

Above fire. ... i don | M4 18 e

In ash pit (forced draft). .02
Furnace temperature....... e 2,686
Dry coal used per square foot of grate surfac . 32.03
Equivalent water evaporated per square foot of water-he

PEThOUr. ... .l i 3.51 4.10 4,62

Percentage of rated horsepower of boiler develope 08. 4 115.0 al29. 4
Water apparently evaporated per pound of coal as fired 5. 53 5.42 4.93
Water evaporated from and at 212 °F.; .

Per pound of coal asfired. ... ..ocoooiiiiiii i 6.64 6. 52 5.94

Per pound of dry coal..... 8.03 7.92 7.22

Per pound of combustible. .. 9. 32 9.29 8.36
Efficiency of boiler, including grate 61.26 60. 49 55. 92
Coal ag fired: . . :

Per indicated horsepower hour..............oooaiai..l 4.26 4.34 4.76

Per electrical horsepowerhour........ ... ... ... d 5.26 5.36 5.88
Dry coal:

Per indicated horsepower hour.........o....oooiiviiaiaa.. do.... 3.52 3.57 3.92

Per electrical horsepower hour.....ooveiiiiiiiieainaniannn. do.... 4.35 4.41 4.84

aTest made for maximum capacity..
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WASHING TESTS.

Missouri No. 7 (nut).
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Test 152 | Test 153
(A). (B).

Size as used
Jig used. .

Washed coal
Refuse

No.1

25,000
21,470
3,530

No. 2

Stewart. | Stewart.

23,500
18,600
4,900

Analyses.—Test 152: For raw coal analyses see page 171 (sample 2936).

Washed coal:

Moisture, 17.30; ash, 9.45; sulphur, 3.04. Test 153: For raw coal analyses see page
© 171 (sample 2937). . Washed coal: Moisture, 19.70; ash, 11.05; sulphur, 3.07.

MISSOURI NO. 10.

Bituminous coal from the Bevier bed, at. Bevier, Macon County,
on the Chicago, Burlington and Quincy Railroad, was designated
Missouri No. 10. The coal, as worked at a depth of 124 feet at
‘this place, averages 4 feet 7 inches in thickness.

One sample shipped under the direction of K. M. Way, consisted
of screenings (through a $-inch shaking screen) and was used in
steaming test 486 (on briquets) and briquetting tests 1781‘, 179,

241*, 245%, and 246%*.

Two mine samples were taken for chemical analysis.

Sample

4196 was taken 400 feet south of the shaft, where the coal measured

4 feet 3 inches in thickness.
of shaft, where the coal measured 5 feet in thickness.

Missouri No. 10.

CHEMICAL ANALYSES.

Sample 4197 was taken 2,500 feet west

Car | Steam-| Briquetting tests.b
Mine samples. | sam- |ing test| :
ple. | 486.¢ | 178f.c | 241%.° | 245+ | 246*
Laboratory No...................... 4196 4197 4257 4362 4515 4898~ 4876 4908
Air-dryingloss...............ll 8.50 8.80 | 13.70 1.30 9.40 |.u..-t Y PO
Proximate:
Moisture . 15.41 | 15.23 4.51 | 11.03 8.91 7.79 7.75
Volatile matter 33.91 | 32.76 | 26.32 | 35.53 | 32.24 | 31.81 | 31.46 32.48
Fixed carbon. 42.13 | 40.22 | 37.95| 41.37 | 38.67 | 38.17 | 39.87 40.93
Ash.......... | 870 11.61| 20.50 | 18.59 | 18.06 | 21.11 [ 20.88 18.82
Sulphur..... ... ...l 4.37 3.78 3.69 3.90 3.72 4.49 4,66 4.53
Ultimate:
HYArOgen. .. umeeeeneeaeeeeeees e, 502 4.34|........ 4,16 | 4.12 4.24
Carbon..... . L 60.16 | 60.63 62.77
Nitrogen... .84 .84 .91
Oxygen ..... 6.73 6.71 6.76
.......... 23.18 | 22.65 20. 41
Sulphur ......................... 4.93 | . 5.05 4.91
Calorific value determined {ca]ones ........ 5,879 | 5,055 | ... e e
(asreceived)............ B.t.u...|........ 10,582 ) 9,099 |.....oiifiiiiii e e

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
b Proximate analysis of fuel as recelved, ultimate analysns on dry basis.

¢ No ultimate analysis made.
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N STEAMING TEST.
Missouri No. 10 (briquets).

Test 486.
DUration of test. -« veee ot il ‘hours.. 9.63
Heating value of fuel. ... o i B. t. u. per pound dry fuel.. 11,653
Force of draft: :
Under stack QaINDer .. ..ottt et ot ie et eaeeeeeae e eaaanan inch water.. 0.79
Abovefire. ... ..o oo o....| .15
Dry fuel used per square foot of grate surface per hour ..pounds.. 24.69
Equivalent water evaporated per square foot of water-heating surface per hour...... do.... 3.28
Percentage of rated horsepower of boiler developed...... ... . ... . ...l 92.0
* Water apparently evaporated per pound of fuel asfired. .. ...l pounds. . 5.25
Water evaporated from and at 212° ¥.: .
Per pound of fuel asfired......oooooiiiiiiiiiiilL e ~.do.... 6.36
Per pound of dry fuel............... e aeaeaeaaa .do.... 6. 66
Per pound of combustible .. . 8.41
Efficiency of boiler, including grate....... ..., per cent. . 55,19
Fuel as fired: .
Per indicated horsepower hour. ... ... oot i pounds. . 4,45
Per electrical horsepower hour...................... e do.... 5.49
Dry fuel:
Per indicated horsepower hour. ... . i i do.... 4.25
Per electrical horsepower hour...... e do.... 5.24

Remarks.—Test made on briquets from tests 178} and 179. These burned freely,
although the rate-of combustion decreased as ash formed on the surface, particularly
on the English briquets, where the ash could not be separated from the briquets; 2.4
per cent black smoke; ash heavy, gray, and fine; no clinker.

BRIQUETTING TESTS.
Missouri No. 10 (slack).

Tests 178%, 179, 241%, 245%, 246* —Size as used: Over % inch, 3.0 per cent; {5 inch
to + inch, 10.2 per cent; o inch to ¢ inch, 17.2 per cent; 4 inch to Fyinch, 21.2
per cent; through #; inch, 48.4 per cent. Equally satisfactory briquets were made
. with 7 and 8 per cent binder on English machine and 8 and 9 per cent on Renfrow
machine. The large amount of clay present made briquets soft when warm, but very
hard when cold, when fuel was worked with high moisture content. Tests 1781 and
179 were made on coal from the same car and under greater pressure than in other
tests. These briquets were harder, more cohesive, and made less slack in handling.
All the briquets had rough surfaces and broke with ragged fracture. They were of a
dull gray color, owing to the amount of clay present. For analyses of briguets see
page 172 (those from test 179 under ““Steaming test 486 ’").

Test 178t.| Test 179. | Test 241*.| Test 245%.|Test 246*
| .
Details of manufacture:
Machine used.............coooilll ....i Renf, Eng. Renf. Renf. Eng.
Temperature of briquets.._................ °F.. 176 185 149 149 149
13ingcr~:1 .
T w.gp. | wgp | w.gp. | W.gD. W. 2. .
Laboratcry No. (see p. 40) PN 4543 4543 4886 4879 48?9
Amount..eeo.o il per cent.. 8 7 9 8.5 8
Weight of--- . .
uel briquetted................... pounds..| 42,000 5,000 66,000 | 176,000 10,000
Briquets, AVErage. .. ............o.-.. do....| 0476 443 0481 0,523 .01
Heat value per pound—
Fuel asreceived.................... B.t.u.. 9,099 9,099 9,081 9,081 9,081
Tuel as fired N IR 117128 | 10,082 | 10,262 10,580
Binder.... cooiiiiiiiiiiiiiii .o 16,969 16,969 16,864 16,805 16,805
Drop test (1-inch screen): .
Eeld. ...l per cent.. 80.5 63.3 73.0 58.0 64.4
Passed. .. .ooiiiiiii i ~...do.... 19.5 36.7 27.0 2.0 35.6
Tumbler test (1-inch screen): .
Held. .o do.... 94.0 90.9 91.5 87.0 64.2
Passed (ines) ............ccivevniimannnnn [ 6.0 9.1 8. 13.0( -+ 358
Fines through 10-mesh sieve............. O.... 99.0 '80.9 95.0 90.3 , 50.0
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BRIQUETTING TESTS—Continued
., Missouri No. 10 (slack).

Test 178t.{ Test 179. 'Test 241*. Test 245%. | Test 246*.
¢

Weathering test .
Time eXposed. . ... .cviiirnraiaiiiaaaas days.. 19 19 ..., [ PN I, :
Condition. ...... i ..o iiiiiiiiiiioiiiioiiian B. [0 PO PRI AT,

Water absorption:
Inl19days...ooooooiiiiiiiill .. 14.5 22 P RN AP,
In13daYS. eeeeeeriicaeia i aaaaanas R« 1 JU IR O R 9.0 13:1 - 6.6
Average for first—

Extraction analyses.

: Briquets.
Pitches. Fuel. Test | Test | Test | Test | Test
: 178%. | 179. | 241*. | 245*, | 246%.
Laboratory No............... 4543 | 4806 | 4879 | 4257 | 4803 | 4515 | 4362 | 4898 | 4876 4908
Air-drying loss..... perecent. |...... ). ...l 13.70 [ 10.30 | 9.40 | 1.30 [ooeo..feeein]iiaant,
Extracted by CSs:
Airdried........... [ TN SO PO P .54 590 821 | T.64|... .|l
As received........ do....| 99.66 | 96.90 | 94.50 .47 47| T.44| 7.54| 8.44| 8.68 7.63
Pitch in briquets as recelved
copereent. Lo ]l B B R EER R 7.03| 7.13 | 8.27| 8.73 7.62
MONTANA.

MONTANA NO. 2.

ngmte from the Bndger bed at Fromberg, Carbon County, on the
Northern Pacific Railway, was designated Montana No. 2. One
sample, shipped under the supervision of N. H. Darton, was used in
steaming test 470 and producer-gas test 149. Mine sample 3954 was
taken by N. H. Darton. _ R

CHEMICAL. ANALYSES,

Montana No. 2.

Mine Car Steaming _Car | Steaming
sample. | sample. | test 470.¢ sample. | test 470.0

Laboratory No... 3954 4234 ... Ultimate: . .
Air-drying loss....|.......... 3.30 .~ Hydrogen : . 4.96 4.31
Proximate: Carbon... . 58.96 63. 36
Moisture....... 8.93 |. 8.51 Nitrogen. 1.10 1.18
Volatilematter 33.43 31.58 Oxygen 18.99 12.28
Fixed carbon.. 46. 92 44.52 Ash.o ool 18.24
< Ash............ 10.72 15.39 Sulphur.......... ... [ .63
Sulphur....... .61 .60 .57 C%éorll-;f;lg gdal(t;eé (ll.g_}ca,lories B 18’2%1 ___________
’ ceived) ........ HAT8 |-oennne

aProximate analysis of fuel as fired; ultimate analysis.of dry fuel figured from car sample.
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STEAMING TEST.
Montana No. 2.

175

Test 470.
Size as used: .
[0 o V1 1c) S per cent.. 38.2
4 inch to 1 inch. ....do... 24.1
inch to 3 inch. .do.... 13.7
nder }inch.... ..do.... 24.0
Average diameter ...inch.. 0.89
Duratignof test..........oooiiiill .. .. 6. 50
Heating value of coal........... s B. t. u. per pound dry coal.. 11,257
Foree of draft:
Under stack damMPer. . ... .tetire ettt e inch water.. 0.88
B0} S S do.... .23
Dry coal used per square foot of grate surface perhour.......................... pounds. . 26. 51
Equivalent water evaporated per square foot of water-heating surface per hour....... do.... 4,04
Percentage of rated horsepower of boiler developed. ... .. . ool 113.30
Water apparently evaporated per Eound ofcoalasfired........................... pounds. . 5.75
‘Water evaporated from and at 212° F.:
- Per pound of coal as fired...... 6.93
. Per pound of dry coal...... 7.64
Per pound of combustible.... 9.71
- Efficiency of boiler, including grate. . 65.54
Coal as fired: .
-+ Per indicated horsepower hoUr . . ... it i 4,08
Per clectrical horsepower NOU. ... ittt i e ii e eannas d ~ 0 5.04
Dry coal: .
Per indicated horsepower hour . ... ... oo i do.... 3.70
Per electrical horsepower hour. .. ... ... i do.... 4.57

PRODUCER-GAS TEST.
Montana No. 2.

T'est 149.—Size as used: Over 1 inch, 51 per cent; % inch to 1 inch, 21 per cent;
% inch to } inch, 20 per cent; under } inch, 18 per cent. Duration of test, 40 hours;
average electrical horsepower, 188.9; average B. t. u. per cubic foot of gas, 147.5;

total coal fired, 15,450 pounds.

Coal as Combus-
fired. Dry coal. tible.
Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower: ' ' . ;

Commercially available.. . ... ... oo i 2.13 1.95 1.62
Developed at switch board. ..o iiiii i, 2.05 1.87 1.56

Per brake orselpower: : .

Commercially available........................... et 1.81 1.66 1.38
Developed atengine..... .. ... ... il 1.74 1.59 1.32
Equivalent used by producer plant (po'unds).

Per clectrical horsépower: ) ’
Commercially available......... . ... . .. ... ..l 2.34 2.14 1.78
Devcloped at switechboard .. . ... .. ... 2.25 2.06 1.71

Per brake horsepower: .

Comercially available. ... 1.99 1.82 1.52

Developed at engine. ... ... o i 1.01 1.75 1.45

Analysis of gas by volume.¢

Carbon dioxide (COg)......caverennaa.y Y 13.2
Carhon monoxXide (CO). .. .oou e 14.2
Hydrogen (Hg)....... 16.0
Methane (CH,). 2.9
Nitrogen (Nj).. 25.9
Oxygen (Og)..... .2
Ethylene (C:Hy) .6

e For analysis of fucl used see page 174 (sample 4234).
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MONTANA NO. 3.

Lignite from the Bridger bed at Bridger, Carbon County, on the

Northern Pacific Railway, was designated Montana No. 3.

One

sample, shipped under the supervision of N. H. Darton, was used in
steaming test 477 and producer-gas test 150. Two mine samples,

3955 and 3956, were taken by N. H. Darton.

CHEMICAL ANALYSES,

Montana; No. 3.

Mi 1 Car | Jlosm:
1ne sampies. ing S
sample. 7.
Laboratory No.........ooiiiiiiiiiiiii Teeeeeaanan 3955 3956 4271 |l
Air-drying loss.....- R P 2310 |eeeeninn
Proximate:
Moisture. ... 8,47 8.70 8.56 9.2
Volatile matte 31.47 34,03 32.36 32.92 -
Fixed carbon 41.88 49.07 45.69 44, gg
. 13: go
4.47
65.70
1.16
13.00
15.01
.66

calories. .
B.t. u..

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TEST.

Montana No. 3.

Test 477.
Size as used:
Over 1INCh. . ..o e per cent.. 52.9
dinch to linch. .. ..o o it do.... 21.6
%iuch P70 B 4 1Y o .do.... 10.9
nder }inch........... ettt reetiar e, PO s [+ I 14.6
Average diameter...... - .- .inches. . 1.46
Duration of test....... e s h 8.97
Heating value of coal 11,628
Force of draft:
Under stack damper. 0.86
Abovefire.............. .14
Dry coal used per square foo te surface per hour 26.98
Equivalent water evaporated per square foot of water-] 4.11
Percentage of rated horsepower of boiler developed 115.2
Water apparently evaporated per pound of coal as fired 5.75
Water evaporated from and at 212° F.:
Per pound of coal as fired 6.92
Per pound of dry coal. ... 7.63
Per pound of combustible 9.32
Efficiency of boiler, including grate 63.37
Coal as fired:
Perindicated horsepower hour........ T e e e 4.09
Perelectrical horsepower hour. .. .. ... i i d; 5.04
Dry coal: ) .
Per indicated horsepower hour. ... ... .. it e do.... :}1 gé

Per electrical horsepower hour. .. ... . i i do....
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PRODUCER-GAS TEST.
Montana No. 3.

Test 150.—Duration of test, 49 hours. Average electrical horsepower, 199.6; aver-
age B. t. u. per cubic foot of gas, 181.5; total coal fired, 15,950 pounds.

Coal as Combus-
fired. |PTycoals “iipa.

Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower:

Commercially available. ... . . ... .. i 1.69 1. 55 1.32

Developed at switch board.... .. ... ... . ol 1.63 1.49 1.27
Per hrake horsepower: N

Conmxmercially available. ... i 1.44 1.31 1.12

Developed atengine. ... 1.39 1.27 - L08

Equivalent used by producer plant (pounds).

Per electrical horsepower:

Commercially available............ et eeea e et 1.80 1.65. 1.41
Developed at switch board. ... ................ e, 1.74 1.59 1.36
Per hrake horsepower: |
Commercially available. ... o ...oooooooiiiiiiiiiiiiii e 1.53 1.40 120
Developed at engine. ... ...ooooiiiiiiiiiiiiiiiiii e 1.48 1.35 CL15

Carbon doxide (COy)
Carbon monoxide (CO)
Hydrogen (Hj) ......
Methane (CHy) ......
Nltrogen N ) e e et et et e et peiaaae 4
Ethylene (CaHy) «cuueenniniii i it it iier e cie e

PR
=ro
. Pp¢mioe
BRWO D

NEW MEXICO.
- NEW MEXICO NO. 3.
Bituminous coal from Van Houten, Colfax County, on the Atchi-
son, Topeka and Santa Fe Railway, was designated New Mexico No.

‘3. The coal, as worked from an outcrop at this place, averages 6

feet 6 inches in thickness.

Three kinds of coal were shipped from this mine under the super-
vision of J. S. Burrows: New Mexico No. 3 A consisted of run-of-
mine coal used in steaming test 396 and producer-gas test 121. New
Mexico No. 3 B consisted of 10 tons of lump and was used in steam-
ing tests 389 and 391; also, together with equal portions of washed
New Mexico No. 4 B and No. 5, in coking test 152 and cupola tests
98 and 130. New Mexico No. 3 C consisted of 40 tons-of slack, and
was used in steaming test 392 - {on washed coal); washing test 168;
and COklIlO‘ tests 148 and 149 (on washed coal). At this mine coal
that passes through a $-inch screen is called ‘“‘slack,” and that pass-
ing over the $-inch screen is graded as “Jump.”

Two mine samples taken for chemical analysis. Sample 3221 was
taken 2,000 feet northwest of the drift mouth, where the coal meas-
ured 6 feet 11 inches in thickness. Sample 3222 was taken 3,000
feet from the drift mouth; where the coal measured 6 feet 11 inches
in thickness.

e For analysis of fuel used, see page 176 (Sample 4271).
19698 —Bull, No. 332—08
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CHEMICAL ANALYSES.

New Mexico No. 3.

Steaming tests.a

Car samples.
Mine samples. A. B. C.
A C. B. | 396 | 380. | son |- 302
Laboratory No............. 3221 3222 3295 3307 3308 |- ceeii e e
Air-drying loss.............. 1.00 2.00 2.00 3.00 DR [0 ) R ) O A
Proximate:
Moisture................| 2.50| 3.48| 3.4 436 2.75 2.82 3.01 2. 47 4.77
Volatile matter. .| 35.47 | 33.02| 32.00 | 32.21| 33.19{ 32.72| 32.61 | 32.99 33.10
Fixed carbon.... 52.90 | 50.58 | 47.82 | 47.51 | 48.54 | 47.56 | 47.05 | 47.63 49.90
Ash..... 9.13 | 12.92| 16.67 | 15.92 | 15.52 | 16.90 | 17.33 | 16.91 12.23
Sulphur. 72 .64 .73 .64 .72 72 - .67 .7
Ulthﬁmge: ’ .
y rogen ...... eeaes
Carbon. .

Ni 1trogen
Oxygen R

Calorific value (asreceived):
Determined. . ‘ﬁlgfﬁ?::
Calculated trom}

- calories
ultimateanal- B t. 1.

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.

New Mexico No. 3.

<A B. C.
Test 396. | Test 389. | Test 301, | * o )392
Size 8 ShIPPed. . ccoiini i i r. 0. m. L 1 ER
Size as used: .
OverlinCh.....cooiiiiiiiiiiiiiiiiiiiiianinains 14.8 30.6 34.5 5.6
% inch to 1inch.. 23.2 27.1 27.9 279
+inch to ¢ inch.. 22.2 18.3 16.8 31.3
Under % inch..... 39.8 24.0 20.8 35.2
Duration of test...... 10.0 10.0 10.0 9.37
Heating value of coal............ 12,301 12,213 12,301 13,059
Force of draft .
Under stack damper. .. 0. 60 0.54 0.57 0.64
Above fire......... .. .22 .18 .21 .22
Furnace temperature. .............cooooiiiiiiiiiiiiiL. 2,333 2,225 2,432 2,420
Drycoal used persquare foot of grate surface per hour
POUNAS. . .o 23. 48 20.91 23. 82 24.56
Equivalent water evaporated per square foot of water-heat-
surface per hour.......... ... ...l pounds.. 3.86 | 3.51 4.09 4.25
Percentage of rated horsepower of boiler developed............ 108.2 98.5 114.8 119.2
Water apparently evaporated per pound of coal as fired,
POUNAS. ..ttt ie e ieee e cimaeae e aaaaenaan 6.84 7.02 7.18 7.08
Water evaporated from and at 212 °F.: .
Per pound of coal asfired................o..s pounds. . 8.00 8.16 8.40 8.26
Per pound of drycoal... . .. ... ... ....oii.. l e 8.23 8.42 8.61 8.68
Per pound of combustible......... 10. 36 10.54 10.66 10.16
Efficiency of boiler, including grate 64. 61 66. 58 67.59 64,19
Coal as fired: :
Per indicated horsepower hour 3.54 3.46 3.37 3.42
Per electrical horsepower hour............_........ d: 4.36 4.28 4.16 4.23
Dry coal:
Per indicated horsepower hour 3.44 3.36 3.28 3.26
Per electrical horsepower hour..................... 4.24 4.15 4.06 4.02
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PRODUCER-GAS TEST.
New Mexico No. 3 A (run of mine).

Test 121.—Duration of test, 50 hours; average electrical horsepower, 198.4; average
B. t. u. per cubic foot of gas, 155.1; total coal fired, 12,850 pounds. )

Coal as Combus-
fired. [PTY €oal “ible,

Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower:

Commercially available. ... .. ... .ot 1.37 1.32 1.05

Developed at switch hoard ......c.ovmiinieie e ieeiaaanns 1.30 1.25 .99
Per brake horsepower: R

Commercially available............ .. oo iiiiiiiiiiii i 1.17 1.12 .90

Developed at engine. .. ... ..o 1.10 1.06 .85

Equivalent used by producer plant (pou'r]ds).'

Per clectrical horsepower:

Commercially available. ... .. ... oo 1.47 1.42 1.13
Developed at switchboard .................... ... et 1.39 1.34 1.07
Per brake horsepower:
Commercially available..........................oel et 1.25 1.21 .96
Developed at engine_......... e s 1.18 1.14 .01
Analyses.
’ Gas by volume.
MOISBUIE . .. .ev et eiieeieaeaeaaas . Carbon dioxide (CO2) . .....eeuernieennan... 9.2
Volatile matter . Carbon monoxide (CO) . 205
I‘lxed carbon........... . Hydrogen (Hg)................. 14.5
Asho.oooeioiiiiiiin, .63 | Methane (CHg).........ooooo 2.0
Sulphur.. ... . Nitrogen ﬁHa) .................. . 53.4
’ ~ | Ethylene (Colla) .. ..o oveiiiiiiiiiiiits .4

L]
WASHING AND COKING TESTS.
New Mexico No. 3.

Washing test 168 (coal C, slack).—Jig used, Stewart. Raw coal, 43,000 pounds;
washed coal, 38,000 pounds; refuse 5,000 pounds.

Coking tests.

g ]l33 (l-)) )
S.),
3C (s.)- and 5
(r.o.m.).
Test 148 | Test 149 | Test 152
(raw). (w.). (w.).
Siz0 88 USCA . .. . e f.c. {, f.c. f.c.
‘Puration of te ‘hours. . 52 48 48
Conl charged. .. po(limdS. (12,120 | 11,710 12,000
..do..... 7,655 7,233 7,596
Coke produced. . .......... .. ..ol per c%nt. : (‘»3.416 61377 63.30
. _ . . pounds... 10 60 328
]i‘reezc ?rodqced .............................................. per cent .. 3.38 3.07 273
CTotal yield. .. do..... 66. 54 64. 84 66. 03

Remarks.—Test 148: Light gray and silvery; good heavy coke; ash high. Test 149:
Light gray and snlvcry, good heavy coke; ash reduced by wwshmg but still high.
Test 152: Light gray and silvery; good, strong, heavy coke; good ring, breakage, and
cell structure.
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Analyses.
Washing test 168./Coking test 148.[Coking test 149.|Coking test 152.
g)ibm‘l‘t “;%il‘l‘?d Coal. | Coke. | Coal. | Coke. | Coal. | Coke.

Moisture...... ...l 4.36 6.01 3. 68 0.76 | 574 0.88 5.13 0. 69
Volatilematter................... 32,21 .ol 33.06 67| 33.02 1.51 ) 33.88 1.48
Fixedcarbon.................. ... 47.51 |...o..... 48.94 | 78.14 | 48.99 | 80.42 | 50.06 82.18
Sh. 15.92 12.43 | 1432 | 20.43 | 12.25( 17.19| 10.93 15. 65
Sulphur. . ...l . .1 .78 LT .72 .65 .69 .63

Cupola tests of coke made from New Mexico Nos.' 3 B, 4 B, and 5 coal (washed).

CHARGE.

Cupols . Coke.a Fluid- Divisions of charge.
test | g |Specific] Ratio s::?iy Materials. . Total.
No.. | 368 | grav- lironto| 3HP 1. 2. 3. 4. 5.
o ity. coke. )
Per ct. Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
99.9 |{Coke........ 210 55 55 55, 55 430
98 152 1.91 7 Pigiron..... 630 405 405 405 405 | 2,250
Serap....... 210 135 135 135 135 750
. 99.9 |(Coke........ 200 58 58 57 57 430
130 152 1.91 7 Pigiron..... 600 413 413 412 412 | 2,250
“ Scrap....... 200 138 138 137 137 750
@ Phosphorus in coke, 0.0348 per cent.
RECORD OF MELT.
Blast pressure. ‘Weight of iron. - Melting. Recovered.
Cupola Iron = -
D! run- . . .
test Maxi-| nin Addi- Rate | Ratio
No. Onat— | ol in _g Poured.| tional | Total.| Time.| per |iron to| Loss. | Iron.|Coke.
: melted. hour. | coke.
Oz. Min. Lbs.. Lbs. Lbs. | Min.| Lbs. Perct.| Lbs. | Lbs.
98 | 1.48p.m.... 7 C11) 1,162 325 | 1,487 29 | 3,076 | 4.31 7.50 |1,288 85
130 | 3.18 p. m. 7 10 | V1,778 252 | 2,030 28 | 4,511 | 6.51| 7.03| 759 | 118
LADLE RECORD.
Test 98. Test 130. Test 98. Test 130.
Lﬁdle Tim¢ Tim Lleidle T
0. ime > Time 0. 'ime Time
Pounds. ®.m.). Pounds. (p.m.). Pounds. (0. m). Pounds. ®. m).
83 2.07 94 3.34 2.24 94 3.45
86 2.073 52 3. 343 2.243 84 3.45%
39 2.08 97 3.38 2.25 82: 3.46
78 2.15 88 3.38% 2.27 24 3.47
. 2.15% 79 3.39 2.273] 86 3.49%
86 2.16 109 3.39} 2.28 99 3.50
58 2.18 83 3,404 19.. .. i e 84 3.51
66 2. 184 82 3.41 41 200 ... el 64 3.51%
70 2.19 91 342 || 20 .o 86 3.53%
52 2.21 95 3424 22. oLl 25 3.54
61 2.22 75 34341 23. .o 57 -3.55
56 2.22} 48 3.44

Remarks.—Test 98: Iron very hot and fluid.

tuyeres after sixteenth ladle.

Large quantities of slag closed up
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NEW MEXICO NO. 4.

Bituminous coal from Brilliant, Colfax County, on the Atchison,
Topeka and-Santa Fe Railway, was designated New Mexico No. 4.
The coal, as worked from the outcrop at this place, averages 5 feet
in thickness. :

Two samples of coal were taken from these mines for testing
purposes under the supervision of J. S. Burrows.. New Mexico No.
4 A consisted of run-of-mine coal and was used in making steam-
ing tests 397 (raw) and 398 (washed), producer-gas test 122, and
washing test 174. New Mexico No. 4 B consisted of slack coal
through a 1}-inch perforated screen, and was used in making steam-
ing test 395, washing test 170, coking tests 150 (raw) and 151
(washed), and cupola test 119. Mixed with New Mexico No. 3 B and-
No. 5 (equal portions, washed), No. 4 B was also used in coking test
152 (see p. 179) and cupola tests 98 and 130 (see p. 180).

Two mine samples were taken for chemical analysis.” Sample 3228
was taken 475 feet southwest of the drift mouth,  where the coal
.measured 5 feet 8 inches in thickness. Sample 3229 was taken 800
feet south of the drift mouth, where the coal measured 4 feet 3inches
in thickness.

' CHEMICAL ANALYSES,

New Mexico No. 4.

Car samples. Steaming tests.a
Mine samples. AL B.
A. B. -
397 - 398. 395
Laboratory No................ 3228 3229 3331
Air-drying loss................ 1.00 1.30 1.40
Proximate:

Moisture _................. 2.19 2.67 2.78
Volatile matter . e
Fixed carbon

Ash..__.. 11.11 9.82° 14,57

Sulphur. 57 .58 61
Ultimate:

5.06

68.51

1.51

9.74

Calorific values (as received):

Determined. ... . {‘]’3"“12”33 .- lg’ ggﬁ
Caleulated from), ;.. . ’

n calories. 6,873

;?ilsm&te a,rm.l-}B. tou. 127371

.6 Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured Iéom car sample.
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STEAMING TESTS.
New Mexico No. 4.

. . A B.
Test 398
Test 397. (w.). Test 395.

Size a8 ShiPPEA. . ...ttt e eaanas r.o.m.| r.o.m. s.
Size as used: . .-

Over 1inch. . ........ooiiiiiiii i s per cent. . 21.3 17.4 1.7

4inch to 1linch..... do.... 23.2 21.6 | * 17.8

4 inch to 3inch.... do. 18.8 25.2 27.4

Underdinch.... .. . . ... .. ... .l = . 36.7. 35.8 53.1
Duration of test.. . 10,0  10.07 10.08
Heating value of coal 12,659 13,149 12,847
Force of draft:

Under stack damper .... . .......inch water.. 0.64 0.64 Q.61

Abovefire......... ..do.. .25 .25 .22
Furnace temperature . .... ... ... . ioiiiiiiiiiiii i °F.. 2,336 2,534 2,285
Dry coal used per square foot of grate surface per hour........ pounds. . 22.76 21.92 21.33
Equivalent water evaporated per square foot of water-heating surface

Per MOUT . L o ettt e e e pounds.. 3.7 3.86 3.50

Percentage of rated horsepower of boiler developed..................... 103.9 108.1 100. 6
Water apparently evaporated per pound of coal as fired....... pounds. . 6.79 7.23 6.96
Water evaporated from and at 212° F.:

Per pound of coal asfired. ... ... ... ... il 7.97 8.47 8.14

Per pound of dry coal....... . 8.16 8.81 8.43

Per pound of combustible....... 9.84 10.17 10.10
Efficiency of boiler, including grate 62.25 64.70 63.37
Coal as fired:

Per indicated horsepower hour. ............coooiiiiiiaaa.. 3.55 3.34 3.47 -

Per electrical horsepower hour............ . ... ... ... . .. do.... 4.38 4.12 4.29
Dry coal: . )

Per indicated horsepower hour. ...........ooviiiieiinenenn.n do.... 3.47 3.21 3.35

Per electrical horsepower hour.............. ...l do.... 4.28 3.96 4.14

PRODUCER-GAS TEST.

New Mexico No. 4 A (run of mine).

Test 122.—Duration of test, 50 hours. Average electrical horsepower, 189.5. Aver-
age B. t. u. per cubic foot of gas, 135.3. Total coal fired, 13,110 pounds.

' Com-
Coal as Dry busti- '
usti-
fired. coal. ble.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower:
Commercially available 1.48 1.44 1.24
Developed at switchboard. .. ... ..ot ieieaanns 1.38 1.35 1.16
Per brake horsepower:
Commercially available. ... ... ... . ... ... 1.25 1.22 1.05
Developed at engine. ... ... ... ..oioiiiiiii e 1.18° 1.15 0.99
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Commercially available. . 1.62 1.58 1.36
Developed at switchboard . 1.52 1.48 1.28
Per brake horsepower:
Commercially available............ 1.38 1.34 1.16
Developed atengine. .............ciieiioerieinaannannn e 1.29 1.26 1.08
Analyses.
Coal. . E . Gas by volume.
Moisture . .' .................... . 2.42 | Carbon'dioxide (COg).veereeieennan.... ... 10.6
Volatile matter . 34.82 | Carbon monoxide (CO 17.0
Fixed carbon . 49.23 | Hydrogen (Hj). 12.6
Ash ... 13.53 | Methane (CHy). 2.0
Sulphur. .63 | Nitrogen (Hj).. 57%

Ethylene (CsHy)...... R .
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WASHING AND COKING TESTS.
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. " New Mexico No. 4.
Washing tests. S
. Test 174 | Test 170

(A). (B).
Size as shipped............ i e deattaeeaeeaaaenesnaraineannaniies et r. 0. M. 8.
Asused.... ...l . . 8.
Jig used... Stewart.
Raw coal..... 24,000
Washed coal. . 21,000
323 L0 PP 3,000

Test Test
150 (raw).| 151 (w.).
SHZ8 A8 USEA. . ..ot e f.c. f.c.
Duration of test.... .. 49 43
Coal CNATERA .« o e ettt 11,790 11,430
....do.... 7,610 6,986
Coke ProAUEEA. .« ocnent ettt e e {per cent. . 64. 55 6112
Breeze produced {38#‘ oome| 307 250
Total yield. o oo e do.... 67.62 63.81

Remarks.—Test 150: Light gray and silvery; good heavy coke; ash high. Test 151:

Light gray and silvery; good heavy coke; ash reduced by washing.

Analyses.
A
Washing test Washing test | Coking test 150 | Coking test 151
174 (A). 170 (B). (B). (B).
Raw. | Washed.| Raw. | Washed.| Coal. | Coke. | Coal. | Coke.
Moisture. ... .....coiiiiiiaia.. 2.78 3.38 5.97 3.69 1.10 5.52 1.39
Volatile matter. 34.31 |... 34.63 .. ... 34.62 .94 | 3529 .85
Fixed carbon....... 48.34 |.... 48.45 |,......... 0 47.83 | 78.48 | 49.87 83. 66
Ash. ..ol || 14057 13. 54 9.41| 13.86 | 19.48 9.32 14.10
Sulphur.... ...l .61 .61 .65 .66 .58 .67 .60
Cupola test of coke made from New Mexico No. 4 B coal (washed).
CHARGE.
ke.o Divisions of charge.
Cupola Coke Flui d- charge
test | mooq |Specific| Ratio q;,g Materials. Total.
No. | Nov | grav- |ironto P : 1 2. 3 4 5.
O- | Sity. | coke. . .
Perct. - Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
200 58 58 57 57 430
119 151 1.92 7| 98.61 600 413 413 412 412 | 2,250
200 138 138 137 137 750
e Phosphorus in coke, 0.0946 per cent.
RECORD OF MELT.
Blast pressure. . Weight of iron. Melting. Recovered.
Cupola - Iron
test Max- [running| Addi- Rate | Ratio
No. Onat— |0 | in— "jPoured.| tiénal | Total.| Time.| per |[iron to| Loss. |Iron.| Coke.
i melted. hour. | coke.
"] Oz. | Min, | Lbs. | Lbs. | Lbs. | Min.| Lbs. Per ct.| Lbs. | Lbs. .
119 | 8.57a.m.... 7 61 2,210 351 | 2;561 3114057 7.30| 9.23| 162 - 79
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Cupola test of coke made from New Mexico No. 4 B coal (washed)—Continued.
LADLE RECORD.

Test 119. . Test 119.
Ladle No. : Ladle No. .
Pounds. (;I‘ ’Ee) Pounds. | g‘lge)
95 9.12 83 9.25
53 9.12% 76 9.26
96 9.16 103 9. 264
94 9.16% 81 9.27
28 9.17 88 9.28
88| 9.19 106 9. 284
102 9.20 86 9.29
70 9.20% 70 9.293
89 9.21 101 9.31
66 9.23 82 9.32
86 9. 234 65 9,324
85| 9.2 69| 9.33
106 9.24% 142 9.34

NEW MEXICO NO. 5.

Bituminous coal from Blossburg, Colfax County, on the Atchison,
Topeka and Santa Fe Railway, was designated New Mexico No. 5.
The coal, as worked from the outcrop at this place, averages 7 feet 6
inches in thickness. :

This sample was run-of-mine coal loaded under the supervision of
J. 8. Burrows, and was used in making steaming test 387, producer-
gas test 120 washlng test 167, coking tests 146 (raw) and 147 (washed),
and cupola test 120. Mlxed with New Mexico No. 3 B and No.
4'B (equal portions, washed), it was also used in coking test 152 (see
p. 179) and cupola tests 98 and 130 (see p. 180). 4 .

Two mine samples were taken for chemical analysis. Sample 3226
was taken 5,300 feet north of the slope, where the coal measured 7 -

feet in thickness. Sample 3227 was taken 4,200 feet southwest of the
slope, where the coal measured 7 feet 8 inches in thickness.

CHEMICAL ANALYSES.
New Mexico No. 5.

Steam-
Mine samples. Car Lsnm- ing test
ple. 387.0
Laboratory No.. ... ..t 3226 3227 3204 |..........
ANr-Arying 1088, « oot e e 1.20 1.20 1.40 |..o.......
Proximate: ) . .
MoOISEUTe . . ..ot e e e e 2.25 2.31 2.72 2.32
Volatile matter . 33.19 33.01 31.85 31. 80
Fixed carbon .............. .. 52.19 51.58 50. 86 50.23
Ash. oL, .. 12.37 13.10 14.57 15.65
Sulphur....... ... ..ol et .75 .66 .69 .79
Ultimate:
I'[ydrogen 4,88 4,65
Carbon. . 69. 96 70. 94
Nitroge 1.17 1.19
Oxygen 8.73 6.39
) 0 MR DR IR 16.02
Sulphur. L e .81
Calorific value (as received): lori 6. 066
X . . calories. . , 966 |..oieannn.
Determined............. ..ol { B.t.u... 12,539 |00
Calculated from ultimate analysis.............. {‘]’3“.“3"“*1’?; : 1% e

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TEST.
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~
New Mexico No. 5 (run of mine).
Test 387.
Size as used:
L0 5 o T | 0T .- 21.2
4inch to 1 inch. do... 19.9
itodinch...... 20.8
Under % inch. .. 38-1
Duration of test....... 10.07
Heating value of coal......... . 12,721
Force of draft: .
Under stack AamPer. ... ottt ettt i ae e 0.58
Above fire .21
Furnace temperature .. 2,371
Dry coal used per square foot of grate surface perhour............... ... pounds..| 21.11
Equivalent water evaporated per square foot of water-heating surface per hour..... do.... 3.54

Percentage of rated horsepower of boiler developed. . ...o.ooviriiieiriiiiiiii i 99,13
Water apparently evaporated per pound of coal as fired...................o........ 7.0
Water evaporated from and at 212° F.: .
Per pound of-coal s fired......couoiiue it ittt 8.19
Per pound of dry coal. . .. 8.39
Per pound of combustible. . 10.23
Efficiency of hoiler, including gr: 63. 69
Coal as fired: .
Per indicated horsepower hour ... ... .. .. i i i it 3.45
Per electrical horsepower hour ... ... ..o i d 4.26
Dry coal: : .
Per indicated horsepower hour ... . ..ot iieaee e do.... 3.37
Per electrical horsepower houT. ... ... it ittt aeia i aaaaenn ...do.... 4.16
PRODUCER-GAS TEST.
New Mexico No. 5 (run of mine).
Test 120.—Duration of test, 45 hours. Average electrical horsepower, 197.2. Aver-
age B. t. u. per cubic foot of gas, 159.6. Total coal fired, 12,500 pounds.
‘ - Coal Dry Com-
as fired. | coal. |bustible.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: ) L.
Commercially available:......... 1.49 1.47. 1.24
Developed at switchboard 1.41 1.38 1.17
Per brake horsepower: . -
Commercially available... .. ... ... .. ... 1.27 1.25 1.05
Developed at engine. ... ... ... et 1.20 1.18 0.99
Iiquivalent used by producer plunt (pounds).
Per electrical horsepower:
Commercially available. .. ... .. ..o it 1.60 1.57 1.33
Developed at switchboard........ ... ..o, 1.51 1.48 125
Per brake orselpower:
Commercially available. ... .. .. .. .. it 1.36 1.34 1.13
Developed at engine........ e e 1.29 1.26 1.06
Analyses:

Coal. ' Gas by volume. -
Moisture...oooeieii i 1.79 | Carbon dioxide (COg).........ooviiiann.... 8.6
Volatile matter...........o..coiiiiiiia.. 31.32 | Carbon monoxide (CO)................ ceee. 2104
Fixed carbon... ... ... ..ol 51.40 | Hydrogen (Ho)........................ . 14,6
ASh. .o 15.49 | Methane (CHy)....... .22
Sulphur. ... .66 | Nitrogen EI-I;) ceee .87

. Ethylene (CalTq) eevreierinenniiiiiniiannn. .5
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WASHING AND COKING TESTS.

New Mexico No. 5 (run of mine).

Washing test 167.—Size asused, crushed to 2 inches; jig used, Stewart; raw coal, 15,000
pounds; washed coal, 13,300 pounds; refuse, 1,700 pounds.

Coking tests.

Test 146 | Test 147
(raw) (w.)
LT X T T f.c. f.c.
Duration of test... . 56 50
Coalcharged......... u 11’2(1)8 lg,g’ég
Coke produced ... ... ... il "e‘r'c;){;:: 63, 51 63228
ounds. .. 320
Breeze produced. . ...t {ger cent.. 271 9,38
Total yield. ... .o P do... 66. 22 67.38

Remarks.—Test 146: Light gray color; good heavy coke; highash. Test 147: Light .
gray and silvery; good heavy coke; ash reduced by washing, but still high.-

Analyses.
Washing test 167. | Coking test 146. Coking test 147. "
&‘;Y Wgos;ll‘?‘d Coal. Coke. Coal. Coke.
Moisture..........cooiiiiiiiaa.. e 2.72 4.68 3.05 1.04 4.23 0.99
~Volatilematter. ... ... . ... ... .. ... 31.85 |oeenannnn 31.96 1.44 32.25 .84
Fixedcarbon.. ... ... ....... .. .. ...... 50.86 [--c....... 49.71 76.93 51:79 81.38
AAsh...oo...... e T 14.57 11.87 15.28 20.59 11.73 16.79
Sulphur..... ... .69 91 76| - .86 .89 .76
Cupola test of coke made from New Mexico No. 5 coal (washed).
CHARGE. '
Coke.a Divisions of ¢harge.
Fluid-
Cupola)| 2
test Spe- Ratio, | 1% Materials. oo Total.
No. | Test | cific ;05| strip 1 2 3 4 5
. No. | grav- coke full. . . .
ity. :
Perct. : Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
Coke........ 220 53 53 52 52 430
120 147 1.91 71 99.9 {Pigiron..... 660 398 398 397 397 | 2,250
Serap....... 220 133 133 132 132 750
a Phosphorus in coke, 0.001 per cent.
RECORD OF MELT,
Blast pressure. Weight of iron. Melting. Recovered.
Cupola, ‘Iron
test Maxi- running| Addi- Rate | Ratio
No. On at— mum,| in— |Poured. tional |Total.| Time.| per lirontoj Loss. | Iron.|Coke.
’ melted. hour. | coke. 3
g <
Oz. Min. | Lbs. Lbs. | Lbs. | Min. | Lbs. Per ct.| Lbs. | Lbs. ¢
120..... 2.17p.m.... 7 10 | 1,354 124 | 1,478 28 | 3,167 | 4.58 | 7.40 [1,300 | 107 -
*
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Cupola test of coke made from New Mexico No. 5 coal (washed)—Continued.

'LADLE RECORD.

Test 120. Test 120.
Ladle No. . Ladle No. . .
Time > Time

Pounds. (p.m.). Pounds. (p.m.).
1 93 2.34 99 2. 433
2.. 50 2.34 96 2. 443
3 57 2.39 101 2. 47
4 107 2. 394 90 2.48
5. 99 2. 40 56 2.47
6 43 2. 404 92 2. 52%
7 83 2.41 32 2.53
8 92 2. 42 69 2.55
9.. 95 2.43

Remarks.—Test 120: Iron hot and fluid.

- OHIO.

OHIO NO. 10.

Bituminous coal from bed No. 5, at Mineral City, Tuscarawas .
County, was designated Ohio No. 10. The coal, as worked from
the outcrop at this place, averages 3 feet 5 inches in thickness.

One sample, shipped under the supervision of John W. Groves,
consisted of lump coal over a 1}-inch bar screen, and was used in
steaming test 469 and producer-gas test 142.

Two mine samples were taken for chemical analysis. Sample
3968 was taken 7,000 feet southeast of the opening, where the coal
measured 3 feet 3 inches in thickness. Sample 3969 was taken
6,600 feet southeast of the opening, where the coal measured 3 feet
7 inches in thickness.

\

' CHEMICAL ANALYSES.

Ohio No. 10.
Steam-
. Car g .
Mine samples. sample. m‘;gﬁ {;;,?t
T .-
Laboratory NO. ... i i 3968 3969 4059 J..........
Air-dryingloss........... ... 1.30 1.10 2.80 [ooeneon...
Proximate: . .
Moisture. ..... 5. 61 4.46 4.49
Volatile matter 36.25 39.89 40, 56
Fixed carbon.. . 49. 42 47.11 47. 43
Ash. ...l .. 872 8.54 7.53
SUIPhUr. ..o e 2.89 3.73 2.93
Ultimate: : :
i Hydrogen...................oooooii.o.. P P P 5. 08
iocarbon.. ...l e e 69. 64
{ I(*)Iitrogen ................................................... 1.29
! xXygen. 12.93
. Ash g .- P
" oSulphur. ..o .. B
Calorific value determined (as received) 1;; égg I;i !l)g o

8 Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TEST.
Ohio No. 10.

Test 469.
A\
Size as used:
Over 1 inch percent..] =~ 58.3
" %inch to linch.. ...do.... 13.9
4 inch to 4 inch.. .do.... 9.1
Under § inch...... .do.... 18.7
Average diameter. nches. . 1.30
Duration of test...................... e eeaaeeaaaas hours.. 10. 02
Heating value ofcoal. ... ... ... .. ... il B. t. u. per pound dry coal.. 13,291
Force of draft: ¢
Under stack aMPer. . ... oottt e et inch water. . 0.81
ADOVE TIT8 . et do.... <19
Furnace temperature ..............ccooieeeenae. E e e et e °F.. 2,877
. Dry coal used per square 100t of grate surface per hour pounds. 22.91
Equivalent water evaporated per square foot of water-heating . 0.... 4,25
Percentage of rated horsepower of boiler developed. ... ... . . . ... ... .. 119.1
Water apparently evaporated per pound of coal asfired. ... ... ................... pounds. . 7.38
Water evaporated from and at 212° F.:
Per pound of coal as fired. ... ... .. it do.... 8.90
Per pound of dry coal..... .do.... 9.28
Per pound of combustible.. ... .do.... 10. 39
Efficienicy of boiler, including grate. ... .......ioiiiimii it per cent.. 67. 43
Coal as fired: ’ )
Per indicated horsepower hour. . .. ... ... . . i pounds. . 3.18
Per electrical horsepower hour. .. ... .. ... i i do.... 3.92
. Dry coal:
Per indicated horsepower hour 3.05
Per electrical horsepower hour 3.76

PRODUCER-GAS TEST.
Ohio No. 10 (lump).

Test 142.—Size as used: Over 1 inch, 64 per cent; % inch to 1 inch, 17 per cent;
inch to 4 inch, 8 per cent; under % inch, 11 per cent. Duration of test, 50 hours. .
Average electrical horsepower, 199.0. Average B. t. u. per cubic foot of gas, 165.6.
Total coal fired, 12,650 pounds.

Coal as Com-
fired. |PTY c0all pystible,
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: . . :
Commercially available..... : 1.32 L7l - 115
Developed at switch board 127 1.22 111
Per brake horsepower:
Commercially available. ... . .. . .. ... ... .. .. ... e 1.12 1.08| - .98
Developed at engine.......... e e ettt eeeeeeeeeaeenaeaaaan 1.08 1.04 - .94
Equivalent used by producer plant (pounds).
Per electrical horsepower: : ‘
Commercially available. ... ... ... .ot 1.40 1.35 1.22
Developed at switch board .......... ... il 1.35 1.30 118
- Per brake horstﬁpower: ’ A
Commercially available. ... ... .. i 1.19 1.15 1.04
Developed at engine. ... ... i 1.15 1.10 1.00
Analyses.
Coal. o . ) . Gas by volume.
MoOiStUre. . oot 4:05 | Carbon dioxide (CO2) .............. g 9.4
Volatile matter. 39.28 | Carbon monoxide (CO) .20.7
Fixed carbon... 47.75 | Hydrogen (Ho) ...... 14.2
Ash....... 5 Methane (CHy) 2.6
Sulphur Nitrogen (Na) . ... 52‘2

: : Ethylene (CoHa) vu.ve iiiiimimneoiiiniiins
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OHIO NO. 11.

Bituminous coal from bed No. 8 at Flushing, Belmont County, on
the Baltimore and Ohio Railroad, was designated Ohio No. 11. The
coal, as worked at a.depth of 89 feet at this place, averages 4 feet 10
inches in thickness.

One sample, shipped under the supervision of John W, Groves,
consisted. of lump coal over a 1}-inch screen and was used in stemmng
tests 474 and 475 and producer-gas test 145.

Two mine samples were taken for chemical analysis. Sample 3985
was taken 2,000 feet.west of the shaft, where the coal measured 4
feet 8% inches in thickness. Sample 3986 was taken 1,500 feet south-
west of the shaft, where the coal measured 5 feet 1 inch in thickness.

CHEMICAL. ANALYSES,
Ohio No. 11.

* Car Steaming tests.a
i les.
Mine sample: sample. oy o
Laboratory NO.......ooiiiiiiiiiiiii e 3985 3986 4157 |....... F
Adr-drying loss. . ... .. 1.70 1.90 L6O |oeeeeieieaeinannnn
Proximate:
Moisture. ... ..o 3.96 413 3. 44 3. 56 3.53
Volatile matter ... 38.09 39.22 1  36.04 37. 86 37.33
Fixed carbon....... .. 48.91 48,69 47. 58 47,901 47.92
Ash. ...l .- 9.04 7.96 12.94 10. 67 11. 22
Sul hur ......................................... 4.25 4.12 4.32 4.03 5.24
Ultimate .
Hydrogen ....................................... 481 4.74 463
Carbon. .. .o 66. 64 7L.23 |0 69.70
Nibrogen. .o it 1.25 1.22
Oxygen... 7.54 7.39
Ash..... - ) N 11. 06 11.63
Sulphur : 4.18 5. 43
Culorific velue dotermined (asreceived). {81975 o) (DR 1 (B8R ol

o Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.
Ohio No. 11.

Test 474. | Test 475.

Size as used:

Over 1inCh_ .. ... .. 65.7 71.7
5 inchtolineh.... ... ...l l . 16.8 12,9
{Jmch 0 A INeN. L e e 7.6 6.7
nder Fineh. .. ..do.... 9.9 87
Average diameter. i 172 2.06
Durationof test. .. ... ... 9.23 9. 2
Teating value of coal. . per pound dry coal..[ -13,115 12,890
Force of draft:
Under stack damper inch water.. 0.78 0.77
Above fire. .. 0. .. lo. .20 !
Furnace temperature............o..oL. .. 2,748 2,893
'y coal used per squay 20. 84 20. 67
i quivalent water evaporated per square foot of wal
POUNAS .« e e et aa s 3. 65 3,66
Percentage of rated horsepower of boiler developed........ . 102. 4 102.5
Water apparently evaporated per pound of coal as fired.............. .. pounds.. 7.04 7.08
Water evaporated from and at 212° F.: . :
Per pound of coal as fired............ @ siieesesaiiiiiiiliiiiiiliiil 8.47 8.
Per pound of drycoal................0.. 879 8.86
Per pound of combustible .. . 10. 14 10. 21
Efliciency of bouex including grate..oeunneuneeeinoieaninn.. P pel cent.. 64. 72 66, 38




190 REPORT U. S. FUEL-TESTING PLANT, 1906-7.

) STEAMING TESTS—Continued.
Ohio No. 11.

Test 474. | Test 475.

Coal as fired:
Per indicated hor sepower hour 3.34 3.31
Per electrical horsepower hour. .. 412 . 4.08
Dry coal:
Per indicated horsepower hour. .. R R 3.22 3.19
Per electrical horsepower hour...... .. e .do.... 3.97 3.94

PRODUCER-GAS TEST.

.

Ohio No. 11 (lump).

Test 145.—Size as used, over 1 inch, 66 per cent.; } irich to 1 inch, 14 per cent.; %
inch to % inch; 7 per cent. Under % inch, 13 per cent. Duration of test, 50 hours.
Average electrical horsepower, 199.5. Average B. t. u. per cubic foot of gas, 165.200.
Total coal fired, 13,850 pounds.

Coal as Dry Com-
fired. coal. |bustible.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower:
Commercially available. ... 1.45 1. 40 1.21
Developed at switchboard. 1.39 1.34 116
Per brake orselpower .
Commercially available.. 1.23 1.19 1.03
Developed at engine . 1.18 1.14 .99
Egquivalent used by producer plant (pounds).
Per electrical horsepower: ;
Commercially available. .. ... .. ... ..o . il 1.55 1. 50 1.30
Developed at switchboard......... ... ... ...l .. 1. 49 1.44 1.24
Per brake horsepower: .
Commercially available. ... ... ... il 1.32 1.27 1. 10
Developed at engine. ........ooooeii i 1.26 1.22 1.06

Carbon dioxXide (COg). . ouuo ittt PO
Carbon monoxide (CO)..

Hydrogen (Hg)..........
Methane (CHy).......... .
Nitrogen (Ng)............

Ethylene (CoHl4). ..ot i et

OHIO NO. 12.

Bituminous coal from bed No. 8, at Bellaire, Belmont County, was
designated Ohio No. 12. The coal as Worked from the outcrop at
this place, averages 5 feet 5 inches in thickness.

One sample, shipped under the supervision of K. M. Way, con-
sisted of run-of-mine coal and was used in steaming test 483, pro-
ducer-gas tests 146 and 147, washing test 193, and coking test 180.

Two mine samples were taken for chemical analysis. Sample
3987 was taken at a face where the coal measured 5 feet 6% inches in
thickness. Samp]e 3988 was taken at a {ace where the coal measured
5 feet 4% inches in thickness.

-

e For analysis of fuel used see page 189 (sample 4157).
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CHEMICAL ANALYSES,
Ohio No. 12.

: Steam-
Mine samples. Car samples. ing test
483.a
Laboratory No.. 3987 3988 4151 4178
Air-drying loss. . 120 1.10 2. 60 1.30 .
Proximate: c
MOISEUT. - et 3.32 3.10 4.14 2.97
Volatilematter. .. .. .. ... ... 40. 80 40.76 39.30 37.61
Fixed carbon P 49,11 50.11 47.18 49. 45
Ash.... e e 6.77 6.03 9.38 9.97
Sulphur....... ..o i e 3.55 3.42 3.96 3.65

« Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
> STEAMING TEST.
Ohio No. 12.

Test 483.
Size as used:
OVer L nCh L.t et e per cent. . 23.8
Finch £0 LAnCh. L oo et do.... 25.7
INCh 60 & NG . L Lottt iieaeeeeaiaanans do.... 20.5
Under }inch... ..do. 30.0
Average diameter 0.72
Duration of tést....... 9.05
Heating value of coal 13, 381
Force of draft: '
Under stack dampPer. .. .cooeireetie e aete e ra e eceeaeaeeaeaaaaannn .85
Abovefire........ .. ...l do.... .21
Dry coal used per square foot of grate surface per hour 22.98
Equivalent water evaporated per square foot of water-heating surface per hour 4,20
Percentage of rated horsepower of boiler developed. ... ... ... i 117.6
Water apparently evaporated per gound ofcoalasfired. .. ...l pounds. . 7.28
Water evaporated from and at 212° F.:
‘Per pound of coal as fired. . ... oiiiii i e pounds.. 8.81
Per pound of dry coal. .. ..o i ...do.... 9.14
Per pound of combustible.... e do.... 10. 40
Efficiency of boiler, including grate........................ e per cent.. 65.96
Coal as fired: :
Per indicated horsepower hour. ... ... . ... il pounds. . 3.21
" Per electrical horsepower hour. ... ... .. i i do.... 3.96
Dry coal:
Per indicated horsepower NOUr. . ..o ittt i ci i eaeaaaean pounds. . 3.09
Per electrical horsepower hour. ... .o do.... 3.82

PRODUCER-GAS TESTS.

Ohio No. 12 (run of mine).

Test 146. | Test 147.

.

Size as used:

Over 1inCh. ... o e per cent.. 62 52
dinchtolinch................... e ....do.... 21 18
dinchtodinch. ... ... ...l ..do.... 10 11
Under 4inch. .: do... 7 19
Duration of test.............. ..hours. 34 50
Average electrical horsepower................i 198.8 198.6
Average B.t.u.percubicfootof gas..... ... 164.8 164.6

TOtal COBL ATEA . v v eeeeeeercarerietreaeeinentnrnnrnrnaasaeeaiieanens pounds..) 10,65 14, 350
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PRODUCER-GAS TESTS—Continued.
Ohio No. 12 (run of mine).

" Test 146. Test 147.
Coal as Dry Com- | Coal as Dry Com-
fired. coal. |bustible.| fired. coal. |bustible.
Coal consumed in.producer per horse—
power hour (pounds).
Per electrical horsepower:
Commercially available............... 1.65 1.60 1.44 1.51 1.45 1.28
Developed at switchhoard............ 1.58 1.53 1.37 1.45 1.39 1.23
Per brake horsepower:
Commercially available............... 1.40 1.36 1.22 1.28 1.23 1.09
Developed at engine............... - 1.34 1.30 1.17 1.23 1.18 1.05
Equivalent used by producer plant
(pound. sg)
Per electrical horsepower: . :
Commercially available............... 1.77 1.72 1.54 1.62 1.56 1.38
Developed at switchboard............ 1.69 1.64 1.47 1.56 1.50 1.33
Per brake horsepower: . )
Commercially available............... 1.50 1.46 1.31 1.38 1.33 1.18
Developed at engine .................. 1.43 1.39 1.25 1.32 1.27 1.13
Analyses.
Test 146. | Test 147. Test 146. | Test 147, .
Coal. Gas by volume. .
Moisture. ....oooenieaeeaatae 2.97 3.82 || Carbon dioxide (COg)... 9.4 9.3
Volatile matte - .37.61 37.77 || Carbon monoxide (CO 19.8 19.9
Fixed carbon. 49.45 47.42 || Hydrogen (H3)......- 15.7 15.2
Ash.. ...l 9.97 10.99 || Methsne (CHy4)... 2.9 2.5
Sulphur ...................... 3.65 3.39 || Nitrogen (Ng)...... 51.8 52.6
‘Ethylene (CeHyg)..onnnoo...ln .4 .5

WASHING TEST.
Ohio No. 12.

Test 193.—Duration of test, 50 minutes.
Jig used, Stewart; speed, 35 r. p. m.; stroke, 6 inches.

coal, 5.1 touns, 76 per cent; refuse, 1.6 tons, 24 per cent.

Size as used, through 2-inch screen.
Raw coal, 6.7 tons; washed

Analyses.
Ash. Sulphur.
Labora- f ot -
Sample tested. Moisture. Per cent Per cent
v tory No. Per cent.| ieduc- |Per cent.| reduc-
tion. tion.
Ra;w coé,l, carsample.. ... ... .. ... 4151 4.14" 9.38 |.oeenen... 3.96 {....ao...
Washed coal, test 193 6.85 6.19 33 3.60 9
Reft18e. .o ooii i 5.78 19.01 | ....... 6.62 |..........
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Float and sink tests.

Porcgg;age of Analyses.
: Spccnﬁc L
Sizes as| Sink Ash. Sulphur.
No. of test. pse’(]l g n;glltuy_ To (p(ér .
(inch). | “eeqd. To | total |cent). Per cont Per
refuse. | sam- Per To- Per -| cent
. ple. cent. duction, | cent. 1&%1]1;:-
On raw coal (prchmm—
my) .
1.35 77 23 512 45 3.23 18
1.40 |. 89 11 6.43 32 3463 8
1.45 |. 92 8 6.78 (- 28| 3.88
1.52 94 6 7.31 22 3.98|........
1.35 390 9.351........ 3.67 |........
1.41 57 13.29 |........ 4.04 |........
1.45 591 14.09 {........ 5.26 [.uo...
1.53 81| 19.30 |........ 4.97 {........

a Loss of good coal, 9 per cent.

COKING TEST.
Ohio No. 12 (ﬁm of mine).

Test 180.—Size as used, washed, finely crushed. Duration of test, 45 hours. Coal
charged, 9,270 pounds. Coke produced, 5,190 pounds; 55.99 per cent. Breeze pro-
duced, 223 pounds; 2.41 per cent. Total yield, 58.40 per cent. Light gray, with some
silvery deposit of carbon; sulphur high.

Analyses.
Coal. [ Coke.
MOISETC. - o e oo eteenneeeeeen e e e o 519! 073
Volatile matter e cen- ceen .o 39.04 .51
Fixed carbon..... RN e e o...] 48.36 87.96
Ash............ ... 6.41 10. 80
Sulphur 3.63 3.08

PENNSYLVANTIA.
PENNSYLVANIA NO. T.a

Bituminous coal from a mine 3 miles north of Ligonier, Westmore-
land County, on the Ligonier Valley Railroad, was designated ‘ Penn-
sylvania No. 7.” _

This sample, consisting of run-of-mine coal loaded under the super-
vision of J. S. Burrows, was used in making steaming test 307. .

a For other tests of coal from thls mine, made during 1905, see Bull. U. 8. Geol. Survey No. 290, 1906,
pp. 176-178.

19698—Bull. No. 332—08——13

R
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CHEMICAL ANALYSES.

Pennsylvania No. 7.

Steaming Steaming
test 307.a test 307.¢
Proximate: . Ultimate:
Moisture. ...l 5.80 Hydrogen........................ 4.37
Volatile matter: . 21.79 Carbon... . 74. 41
Fixed carbon 58.78 Nitrogen 1.53"
Ash...... . 13. 68 2.86
Sulphur...... e . 2.22 14. 47
’ 2. 36

@ Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TEST.

Pennsylvania No. 7 (run of mine). -

Test 307.

Sise as used: . c : :

Overlinch............................ PP per cent.. 16.8

4inchtolinch.......... do.... 21.7

% inch t6 % inch. . d 19.5

Under 4 inch.. 42.0
Duration of test. . 10.07
Heating value of coal . 13,455
Force of draft: -

Under stack damper............................ .. 0.54

Abovefire............... ceeeens do.... . .13
Furnace temperature. ...........ccceeeuieneenennennnnan. 2,220
Dry coal used per square foot of grate surface per hour 16.35
Equivalent water evaporated per square foot of water-heating surface per hour..... ~do.... 3.03
Percentage of rated horsepower of boiler develolped ...... e e e e 85.0
Water apparently evaporated per gound ofcoalasfired........... ... ...l pounds. . 7.34
Water evaporated from and at 212° F.: .

Per pound of coal as fired . p ceen 8.76

Per pound of dry coal..... 9.29

Per pound of combustible . . 11.16
Efficiency of boiler, including grate 66. 68
Coal as fired: : . .

Per indicated horsepower hour....... .. ..o i eeas . 3.23

Per electrical horsepower hour............. O e do.... 3.99
Dry coal: - . . :

Per indicated horsepower hour. .. ... ..o i i do.... 3.04

Per electrical horsepower hour. ... ... . . i do.... 3.76

PENNSYLVANIA NO. 11.

Bituminous coal from the Pittsburg bed at Charleroi, Washington
County, on the Pennsylvania Railroad, was designated ‘‘ Pennsylvania
No.11.” The coal, as worked from the outcrop at this place, averages
5 feet 6 inches in thickness. ' '

One sample, shipped under the supervision of John W. Groves,
consisted of run-of-mine coal and was used in producer-gas test 129,
coking test 159, and cupola tests 143 and 161.

Two mine samples were taken for chemical analysis. Sample
3421 was taken 4,000 feet southwest of the opening, where the coal
measured 5 feet 5} inches in thickness. Sample 3422 was taken
4,000 feet northwest of the opening, where the coal measured 5 feet
64 inches in thickness.
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' CHEMICAL ANALYSES.

Pennsylvania No. 11.

: Car : Car
Mine samples. sample Mine samples. sample.
Laboratory No........... 3421 | 3422 3532 || Ultimate:
Air-drying loss........... 1.20 1.30 0.60 Hydrogen...........
Proximate: Carbon........ ..
Moisture.............. 2.50 | 2.56 1.95 Nitrogen.......
Volatile matter.......| 34.65| 34.55| 34.07 -Oxygen........
Fixed carbon.. 57.51 | 55.94 | 56.69 Ash............ .
Ash............ .| 5.34 6.95 7.29 Sulphur..............
Sulphur.............. 1.14 2.27 1.18 || Calorific value calories
determined g™ ™
(as received).} ™ ¥ 7+

PRODUCER-GAS TEST.
Pennsylvania No. 11 (run of mine).

Test 129.—Duration of test, 50 hours. Average electrical horsepower, 170.7. Average
B. t. w. per cubic foot of gas, 146.4. Total coal fired, 12,200 pounds. '

Coal as | Combus-
fired. |DTYe0al “iplg,
Coal consumed in producer per horsepower-hour (pounds).
Per electrical horsepower: .
Commercially available. ... 1.53 1.5 1.39
Developed at switchboard.............. ...l 1.43 1. 40 1.30
Per brake horsepower: .
Commercially available.................. ..ol 1.30 1.27 1.18
Daveloped 8t eDZINE. . oo uiiiiiiiiii ittt 1.22 1.19 1.10
Equivalent used by producer plant.
Per electrical horsepower: -
Commercially available. .. ... ... i 1.66 1.63 1.51
Developed at switchboard........ ... . il 1.56 1.562 1.41
Per brake horsepower: X
Commercially available........... ... it 1.41 1.38 1.28
Developed at engine. ........ooieiiiiiiiiiiiiiiiiiiiiinaiieaaaaaes 1.32 1.29 1.20
.

Analysis of gas by volume.¢

Carbon dioxide (CO2)...vvveveieienann... feeecrienens . 10.4
Carbon monoxide (CO). .. . 18.5
Hydrogen (Hj)........ . 16.3
Methane (CHy) . 2.0
Nitrogen (Nj).. . 52.6
Ethylene CQH4).. ...................... . .2

COKING TEST.

Pennsylvania No. 11 (run of mine).

Test 159.—Size as used, raw, finely crushed. Duration of test, 41 hours. Coal
charged, 12,040 pounds. Coke produced, 8,100 pounds; 67.28 per cent. Breeze pro-
duced, 296 pounds; 2.46 per cent. Total yield, 69.74 per cent. Light-gray color.
Good coke. '

Analysis.

© . Coal. Coke.
B 0] 17 S A 0. 52
Volatile matter. . .97
Fixed carbon... 85.02
Ash.......... . . 13. 49
Sulphur...... . . 1.19
58 15T 034 e .0307

@ For analyses of fuel used, see above (sample 3532).

.
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Cupola tests of coke made from Pennsylvania No. 11 coal.

CHARGE.
Coke. . Divisions of charge.
Cupola F li};"d' 8
test | megt [Sbecific| Ratio st | Materials. - | Total.
No. No. | &rav- |ironto fullp 1. . 2. 3. 4. 5.
: ity. coke. *
Per ct. ok L%.O Lbs5.8 Lbss.8 Lbs5.7 ng.7 Lbiéo
oke........
143 159 | 1.92 7| 971.22 Ei Seonl il % 5?8 533 5753 5;’8 3, 05%)
. : oke........
161} © 159 | 1.92 6| 9875 \Pigiron. .. 80| 53| 53] 530 | 530 3,000
RECORD OF MELT.
Blast pressure. ) ‘Weight of iron. Melting. Recovered.
Cupola - },E%I_l
test Max- | ni Addi- Rate | Ratio
No. Onat— | in"_g Poured.| tional | Total.| Time.| per lironto| Loss. | Iron.|Coke.
’ melted. hour. | coke.
. Oz. | Min, | Lbs. | Lbs. | Lbs. | Min.| Lbs. Per ct.| Lbs. |Lbs.
143 3.08 p.m. 10| 1,636 278 | 1,914 343,378 | 5331 4063 947 71
161 1.58 p.m. 10| 2,054 542 | 2,596 28 15,563 | 6.12| 4.40| 272 76
LADLE RECORD.
Test 143. Test 161. Test 143. . Test 161.
Ladle No. : : Ladle No. . . R
: Time Time > Time Time
Pounds. (p.m.) Pounds. (p.m.) Pounds. (0. m.) Poupds. (p-m.)
68 3.22 ‘93 2.12 80 3.39 73 2.26
72 3.24 110 2.13 93 3. 43 64 2.28
104 3.26 80 2.16 85 3. 434 86 2.28%
90 3.27 82 2.16% 93 3. 44 132 2.29
90 3.32 125 2.17 78 3.48 66 2.30
101 3.32% 68 2.22 100 3.49 94 2.30%
87 3.33 73 2. 224 28 3.62 134 2.31
93 3.35 59 2.23 |) 200 .ol )e i e 61 2.33
99 3.35% 109 2.23%| 21... .|l 83 2.33%
87 3.36 137 2.24 10220000 (ool 99 2.34
86 3.38| 70 P21 | I S IR r 31 2.36
102 3.383 119 2.25%
SILICON, MANGANESE, ETC.
. Silicon. Manganese. " Sulphur.
' Content’
Cupola Amount A of coke
test Materials. used Por |. Por Per combined
No. (pounds) | ,on¢ | Pounds. cent Pounds. cent Pounds. [ with iron
: . ' melted
(per
cent).
Pigiron..........]ecceiioat 2.12 40.58 -0.178 3.407|  0.059 1.1293
Melted iron: .
143 Amount........|.......... 1.85 35. 41 L1111 2.124 .070 1. 3398 4.83
Gainorloss....|-......... ~12.74] — 5.17|-37.66 —1.283| + .011] + .2105
Coke..oooennnnnnn b2 (41¢] IR N R PO, 1.19 4. 3554
Pigiron...........].......... 2. 10| 54. 52 .163 4.231 . 098] 2.5441
Melted iron:
161 Amount...,....|-......... 1.74 45.17 . 113 2.933 .113 2.9335 7.57
Gainorloss....|.......... —1i7.15) — 9.35|-30.68 —1.298 + .015( + .3894)] -
Coke.............. 4320 e L1 . 5.1408 '

Remarks.—Test 143: Pig iron used from car 27633. Iron hot. Test 161: Pig iron
used from car 131943. Irom cold.
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PENN éYLVANIA NO 12.

Bltumlnous coal from the Pittsburg bed at Acheson, Washington
County, on the Baltimore and Ohio Railroad, was designated Penn-
sylvania No. 12. - The coal, as worked from the outerop at this place,
averages 5 feet 1 inch in thickness.

One sample, shipped under the superwsmn of John W. Groves,
consisting of run-of-mine coal was used in producer-gas test 143,
washing test 179, coking tests 161 and .162, and cupola tests 145, 146,
151, 152; 153, and 154. ~

Two mine samples were taken for chemical analysis. Sample 3441 -
was taken 1,100 feet west of the opening, where the coal measured 5 feet
3} inchesin thickness. Sample 3442 was taken 1,600 feet southwest

of the opening, where the coal measured 4 feet 11 inches in thickness.

CH¢MICAL ANALYSES,

Pennsylvania No. 12 (run of mine).

1| car . Car
Mine samples. | sam- Mine samples. | samn-
Il ple. ple.
Laboratory No........... 3441 3442 | 4098 || Ultimate:
Air-dryingloss........... 1. 40 2.00 0.70 Hydrogen
Proximate: - ! Carbon......
Moisture.............. 2. 60 3.21 1.96 Nitrogen... ...
Volatile matter. .| 32,46 32.27 | 30.55 OXygen..............
leed carbon 50.31 | 58.64 | 58.24 Culorlﬁc value) .
5.63 5,88 9.25 determined
1.19 1 22} 2.19 (as received)

PRODUCER-GAS TEST.

Pennsylvama No. 12 (run of mine).
Test 148.—Size as used: Over 1 inch, 20 per cent; } to 1 inch, 17 per cent; % inch to
4 inch, 18 per cent; under } inch,45 per cent. Duration of test, 28 hours. Average
electrlcal horsepower, 195.3. Average B. t. u. per cubic foot of gas, 147.5. Total coal
fired, 6,100 pounds.

Coal as Combus-
L fired. (DT CO8L Tipe,
i )
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: i :
Commercially available.._... ... .l o i - 1.16 1.14 1.03
Developed at switchboard . ... ....oiiiiieiiiiiireiiiiiiaaaaans 1.12 1.09 .99
Per brake horsepower: :
Commercially available.............. b .99 .97 .88
Developed at engine....... L L T .95 .93 .84
Equwalem used by produce?l' plant (pounds).
“ Per electrical horsepower i
Commercially available.......ooveiiiliii ittt 1.28 1.26 1.14
Developed at switchboard. ...l . 123 .21 1.09
Per brake horsepower: A
Commercially available. ..o..ovniiii it iaii i 1.09 1.07 .97
Developed at engine...............oo il et 1.05 1.03 .93
{

Carbon dioxide (COy) ! 10.8
Carbon monoxide (CO) . 2 16.6
Hydrogen (Hj) . 14.9
Methane (CHy).. 2.4
Nittogen (Ng) . . 54.8
.Ethylene (CQHq) Wb

a For analysis ol'f fuel used see above (sample 4098).
|
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Washing test 179.—Size as used, 2-inch. Jig used, Stewart.

REPORT U. S. FUEL-TESTING PLANT, 1906-T.

WASHING AND COKING TESTS.

' Pennsylvania No. 12 (run of mine).

Raw coal, 21,200

pounds. Washed coal, 16,900 pounds; 80 per cent. Refuse, 4,300 pounds; 20 per

cent.

Coking tests.

Test 161 | Test 162
v(raw). (w.).

Size as used

Duration of test.........ooiiii i i hours. . 47
Coal charged... . po%nds 1%, 950
N ...do.... f
Coke ProdUCEd. . - v e ettt e eaas per cgnt. : 6522

: pounds . .|, 2
Breeze produced. ... ... ..ot per cent. . 2,39
Total yield. ... do.... 68.37

f.c.
48
12,140
8,100
66.72
257
2.12
68. 84

Remarks.—Test 161: Light gray and silvery; fair coke. Test 162: Light gray and
silvery; good coke. Ash and sulphur reduced by washing.

Analyses.
Washing test 179. | Coking test 161. Coking test 162,
Raw | Washed .
coal. coal. Coal. Coke. Coal. Coket
MOISEUTE. . eeeeeeeireeeeeieeaenens 1.96 4.63| 2.46| 0.69 4.50 0.52.
Volatilematter.......................... 30.55 |.......... 31.28 .29 31.35 1.28
Fixed carbon......... ..ol 58.24 [.......... 56.70 | 86.29 57,66 89.13 -
Ash..._ .. e e enaeaeeiaaaaaa. 9.25 6.40 9.56 | 12.73 6,49 | © 9.07
Sulphur. ... 2,19 1.39 2.03 1.66 1.40 1.11
Phosphorus........o.oooieiiiiii e L0184 |.......... . 0087
" Cugpola tests of coke made from Pennsylvania No. 12 coal.
P ! Y
CHARGE.
Coke. . ’ . Divisions of charge.
Cupola Féltl}l,d‘ g
test Specific| Ratio y Materials. Total.
No. %egt grav- | iron to sftu]i'lp ] 1. | 2 , 3. 4. 5.
. . ity. | coke. o
Per ct. Zbs, | Lbs, "Lbs Tbs, | Ibs
. bl
145 161 1.97 7| -97.22 540 540 540 540 | 3,000
55 55 55 430
146 (162 (w.)| 1.95 7] 99.9. 5$3 5;8 5%8 510 | - 3,000
X ’ 70 &00
151 161 1.97 6| 96.53 533 ) 532 532 532 3, goo
. 4 75
152 161 1.97 .8 98.61 5:;}% 5%) 5?3 5.5/(2) 3, Ogg
. 5
163 |162 (w.)|  1.95 6| 99.9 540% 540 5§g 5 §g§ 3, (3)00
] 2 3 75
1547162 (w.)|  1.95 8| 97.22 s530: 5300 530°| 530 3,000
RECORD OF MELT.
Blast pressure. Weight of iron. ' Melting. "I Recovered.
Iron s
Cupola |[— Tun-" -
test Maxi-| nin Addi- Rate | Ratio |
No. Onat— |t in U8 |Poured| tional | Total| Time.| per [ironto Loss. |Iron.|Coke.
- mum-. melted. hour. | coke. ‘ .
Oz.| Min. | Lbs. | Lbs. | Lbs. | Min. | Lbs. ‘|Perct.| Lbs. | Lbs.
145 3.13p. m. 7 114 1,439 [ 1,139 | 2,578 41 (7,031 [ 7.41 | 9.17.; 147 82
146 | 11.14a. m. 7 12| 1,831 205 | 2,036 343,500 .6.08| 4.07 | 812 S5
151 | 3.29 p. m. 7 11| 2,382 256 | 2,638 | . 354,522 6.26| 503 211 79
152 | 10.39 a. m. 7 8| 1,841 450 | 2,291 33 (4,165 | 7.61 | 4.10|°586 74
153 | 2.56 p. m. 7 11| 2,352 120 | 2,472 36 |3,917 | 5.96| 4.66| 38 85
154 | 10.57 a. m. P 9| 2,162 355 | 2,517 314,872 850 | 580 | 309¢ 79
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Cupola tests of coke made from Pennsylvania No. 12 coal—Continued.

LADLE RECORD.

Test 145. Test 146. Test 151. Test 152. Test 153. Test 154.
Ladle No. Time Time Tire Time Time Time
Lbs |y 08| @ myd T0S- | (p.m.).| VP8 | (a.m).| P8 | (. m.y.| B0 (2 m.).
1... 106 3.32 ] 100 11.30 55 3.43 97 | 10.53 95 3.1 92| 1L15
2 98 3.46 96 | 10.59 29 3.113 133 | 11.15%
55 3.463 110 | 10.59% 97 3.14 78 | 1116
94 3.49 91 | 11.00 95 3.144 122 | 11.16%
103 3.494 95) 11.04 | 108| 3.18 93 | 11.19
96 3.50. 101 | 11.043 108 3.18% 93| 11.19%
90| 3.53| 112 11.05| 108 3.19 11.20
101 3.53% 118 | 11.05% 102 3.23| 135 11.22
105 3.54 | 100 | 11.07 | 108 3.234 95| -11.22%
77 3.50 | 107 | 11.073| 112 3.24) 100 | 11.23
107 3.594! 106 | 11.08 99 3.25 | 101 | 11.25
45| 4.00| 89| 1L.10| 100 | 3.254 73| 11.25%
106 4.00% 104 | 11:104| 100 3. 26 86 | 11.26
100 401 107 | 11,11] 101 3.29 ) 13} 1128
99 4.03 | 105 | 11.14 | 100 3.2041 73| 11.28%
117 4.03% 110 | 11.144) 115 3.30 93| 1129
83 4.04 | 111 11,15 90 3.32 | 18| 11.31
76 4.08 57 | 11.19 99 3.34 73 ] 11.31%
........ 107 4,08 25| 11,20 109 3.343 (100 | 11.32
105 4.09 | 3.3 114 11.35
109 4.10 3. 40 70 | 11.35%
71 4,103 3.404( 88| 11.36
108 411 3.4 17 | 11.37
109 | " 4.113 343 |
....................... 66 4.15
SILICON, MANGANESE, ETC.
Silicon. Manganese. Sulphur.
Content
Cupola Amount £
test Materials. used- of coke
Per Per Per combined
No. (pounds). cent. Pounds. cent. Pounds. cent. Pounds. with iron
melted
Y (per-ct.)
Pigiron........ .|l 2.12 54.65| 0.178 4.589 | 0.059 1. 5216
Melted iron:
145 Amount FUA . 069 1.7788 4.35
Gain or loss.. ... +.010 | + .2572
Coke...ocoevennnn 1. 66 5. 9096
Pigiron........... . 059 1.2012
Melted iron:
146 - Amount......|.......... 1.84 37.46 .141 2.871 . 080 1.6288 11.20
Gainorloss...|.......... —13.21 | — 5.70 [—20.78 | —.753 |4-.021 |+ .4276
Coke....ooevinnnnn 22 T R R SO I 111 3.8184
Pigiron...........|.......... 2.12 55.93 .178 4. 696 . 059 1. 5564
Melted iron:
151 Amount. ......{.......... ‘1.91 50. 39 .123 3.245 .078 2. 0576 594
Gainorloss...|.......... — 9.90 | — 5.54 |—30.90 | —1.451 | +.019 | + .5012
Coke.............. . .
Pigiron...........
Melted iron:
152 [§ ... Amount...... 4,92
Gain or loss...|...
i .
153 15.27
154 11.13

Remarks.—Pig iron used from car 27633.
utes; melting too fast to handle.

" Temperature of iron medium.

Tests 146, 151, 152, and 153: Iron hot.

Test 145: Tron hot. Blast off 19 min-

Test 154:
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I’ENNbYLVANIA NO. 13.

Bituminous coal from the Freeport bed at Crelghton Allegheny

" County, on the Pennsylvania Railroad, was designated Pennsylvania

No. 13. The coal, as worked from the outerop at this place, aver-
ages 5 feet 10 inches in thickness.

One sample, shipped under the supervision of John W Groves,
consisted of run-of-mine coal and was used in producer-gas tests
136 and 140. -

Two mine samples were taken for chemical analysis. Sample

3437 was taken 4,800 feet northwest of the opening, where the coal .

measured 6 feet 1 inch in thickness. Sample 3438 was taken 5,500
feet northwest of the opening, where the coal measured 5 feet 8

inches in thickness. v
CHEMICAL ANALYSES.

Pennsylvania No. 13.

Mine samples. saft;z;le. Mine samples. safrgl o
Laboratory No........... 3437 | 3438 | 3879 || Ultimate: - 4
Air-dryingloss........... 1.00 1.30 1.40 Hydrogen........ S PR R 5.11
Proximate: Carbon.... ... 70.25
Moisture............ 2.53 2.93 2.65 Nitrogen. . 1.21
¥ola(fiile nlx)utter ..... 33.99 | 34 Og 33. 0% o Oxygen.............. 8.11
ixed carbon...._... 54,50 | 55.5 51.1 alorific value- -
Ash..........ll 898 | 7.53| 1316 determined (SploTies. T.020 )........ i
Sulphur..... S 2.21 1.87 2.16 (asreceived).; P oo R e m s 4

PRODUCER-GAS TESTS.
"Pennsylvania No. 13 (run of mine).

Test 136. | Test 140.

Size as used: 8]
Overlmch..._.‘....; ...................... s 65 49
dinchtolinch..... . .. ............. do.... 15 24
tinchto%inch........... 8 12
Undertinch........... ...do.... 12 15
Duration of test.............. .. .. 50 50
Average electrical horsepower...... . 193.2 196.5
Average B. t. u. per cubic foot of gas. e 153.0 144.9
Total coal fired........... .. .. ... S .. 12,600 11,750
Test 136. . . Test 140.
Coal as , Combus-| Coal as Combus-
fired. Dry coal. tible. fired. Dry coal. tible.
Coal consumed in producer per horse-
power hour (pounds).
Per electrical horsepower:
Commercially available.............. 1.36 1.33 1.15 1.25 1.23 1.08
Developed at switchboard........... 1.30 1.27 1.10 1.20 1.18 1.03
Per brake horsepower: .
Commercially available.............. 1.16 1.13 .98 1.06 1.04 92
Developed at engine................. L1 1.08 .93 1,02 100 08
Equivalent used by producer plant
(pounds).
Per electrical horsepower:
. Commercially available.............. 1.49 1.45 1.25 1.36 1.34 1.19
Developed at switchboard........... 1.42 1.38 1.20 1.30 1.28 1.12
Per brake horsepower: : .
Commercially available.............. 1.26 1.23 1.06 1.16 1.14 1.00
Developed at engine................. 1.21 1.18 1.02 1.10 1.09 .95
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Analyses.

Test 136. | Tost 140. ) Test 136. | Test 140.

Coal. ' Gas by volume.
Moisture..................... 2.65 1.65 || Carbon dioxide (COg)........ 1.0 11.1
Volatile matter...... . 33.02 33.06 || Carbon monoxide (CO)....... 17.2 11.5
Fixed carbon 51.1 53.22 || Hydrogen (Ho)........ s 14.9 12.6
sho........... 13.16 12.07 || Methane (CHy).... 2.4 2.1
Sulphtr...ooooiiiiiiinnian.. 2.16 1.80 [| Nitrogen (Ng)..... .. 54.0 57.1
Ethylene (CoHyg).ooovvinnaann. .5 .6

PENNSYLVANIA NO. 15.

Bituminous coal from the ‘‘Miller”” or B bed at Wehrum, Indiana
County, on the Pennsylvania Railroad, was designated Pennsylvania
No. 15. The coal, as worked at a depth of 187 feet at this place,
averages 3 feet 10 inches in thickness.

One sample, shipped under the supervision of John W. Groves,
consisted of run-of-mine coal, and was used in steaming tests 467
(on briquets), 472, and 473; producer-gas test 144; washing test
188; coking tests 185 and 188; and briquetting tests 176 and 184t
(mixed with Rhode Island No. 1, see p. 223).

Two mine samples were taken for chemical analysis. Sample 4026
was taken 2,000 feet northeast of the shaft, where the coal measured
4 feet 24 inches in thickness. Sample 4027 was taken 1,900 feet
southwest of the shaft, where the coal measured 3 feet 6 inches in
thickness. | : S '
CHEMICAL ANALYSES.

Pennsylvania No. 15.

Steaming tests.a Briquet-
Mine samples. | Car samples. ting test
472. 473, 467. 184t.0
Laboratory No............... feenen 4026 4027 4082 311 S RN PR 4913
Air-dryingloss.................... 3.30 2.40 280 | 210 |.eeoiiieeniiifeaie s S
Proximate: . L .
Moisture............... e 3.8 2.84) 3.13 2.57 1.88 2.45| 3.9 0.74
Volatile matter.......... .. 19.03 |- 17.47 | 17.61| 18.09 | 17.60 | 17.55| 23.35 15.96
Fixed carbon............. 67.89 | 71.42| 69.45| 69.01 | 69.06 ] 70.56 | 64.65 69.71
Ash. oo, 9.25 8.27 9.81 | 10.33 | 11.46 9.4 8.10 13.59
Sulphur.................. 4.57 n 3.77 3.97 5.37 3.87 3.1 2.61
Ultimate: .
HYArogen .« eueeneeeaan]ennnnns . J o462 44| 413| 431 435 3.05
Carbon... .| 76.41| 75.80| 75.63 | 78.83| 78.71 77.48
Nitrogen.. . 121 1.09 .49
Oxygen............. R O . 2.00 4.18 2.65
Ash.... ... PR . 9.68 | 843 13.70
Sulphur 3 3.97 3.24 2.63
Calorific value deter- {calories. B PO 7,821 | 7,664 | 7,618 |....oii|ieeeiiiiiieiaii]ieiiniias
mined (as received)..\B.t.u...|........ 14,079 1 13,795 | 13,712 | oot .

e Proximate analysis of fuel as fired; ultimgte analysis of dry fuel figured from car sample.
b Proximate.analysis of fuel as received; ultimate analysis on dry basis. -
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STEAMING TESTS.

Pennsylvania No. 15 (run of mine).

Test 472. | Test 473. | Test 467.
Size as used:
Overh ltinch .................... . gent. 8.2 4.6
inch to linch........ ..do.... 1.1 6.9 e
inch to 3 inch. ....... Tdollll 102 13. 9 |(Seep-204.
nder 2 inch.......... ... 6L5 74.6
Average diameter i 0.4 0.31
Duration of test............. ; .. 8.75 9.77 8.87
" Heating value of fuel.................... . 13,729 14,240 14,258
Force of draft:
Under stack damper..........coeeeeeemiiennnnnnn... .4 .. 0.81 0. 82 0. 76
Above fire......... ....do.... .27
Furnace temperature .. 2,512 2 615 2 753
Dry fuel used per square foot of grate suriace per 16.87 17,24 17.63
Equivalent water evaporated per square foot of water-]

PEr hOUT. Lot 3.00 3.25 3.5
Percentage of rated horsepower of boiler developed. .. 84.2 91.2 99. 00
Water apparently evaporated per Pound of fuel as fired 7.27 7.65 7.98
Water evaporated from and at 212° F.:

Per pound of fuel as fired.. 8.76 9.22 9,65
Per pound of dry fuel. . 8.93 9.45 10.04
Per pound of combustil 10. 57 10. 85 11.30
Efficienc; of bmler, including g . 62.81 64.09 68. 00
Fuel as )
Per mdlcated horsepower hour 3:23 3.07 2.93
Per electrical horsepower hour. 3.99 3.79 3.62
Dry fuel: .
Per indicated horsepower hour 3.17 2.99 2.82
3.91 3.69 3.48

Per electrical horsepower hour.

Remarks.—Test 467 on Renfrow briquets from test 176, which burned freely with
short flame, 5.4 per cent black smoke, and very hot fire; briquets coking well and
throwing off fragments of coke in ash during combustion; 39 per cent clinker, thin,
metallic, red and black, brlttle when cold; ash of dark gray color, looked like coke

PRODUCER GAS TEST
Pennsylvania No. 15 (lump)

- Test 144.—Size as used: Over 1inch, 7 per cent; 4 inch to 1inch, 14 per cent; } inch
to 4 inch, 18 per cent; under + inch, 61 per cent. Duration of test, 24 hours. Aver-
age electrical horsepower 191.8. Avera% B. t. u. per cubic foot of gas, 144.4." Total

coal fired, 5,700. pounds.

Coal Dry Com-
as fired. coal. |bustible.
Coal consumed n praducer per horsepower hour (pounds).
Per electrical horsepower: B '
Commercially available. .. .. ... ... .. .. .. . iiiiiiiiiiiiaan. 1.29 1.26 1.12
Developed at switchboard. ... ... ... ..c.oiiiiiiiiiiiiiiiii.., 1.24 L21 1.08
Per brake horsepower: ' .
Commercially available......... e ettt 110 1.07 .96
Developed at engine. . ... .. .. i 1.05 103 .92
Egquivalent used by producer plant (;o(mnds) o
Per electrical horsepower o
Cominercially available..... e e 1.43 139 " 125
Developed at switchboard. 137 1.34 1.20
Per brake orsepower
Commercialcy. available. ... 1.22 1.18 1.06
Developed at-engine..... 117 1.14 1.02

- ' Analysis of gas by volume.e
Carbon dioxide éCOg) .................................................. Leeen
Carbon monoxide (CO)...... ..
Hydrogen (Hg)..............

Methane (CHy) ..
Nitrogen (Ng).. Creee-
Ethylene (CzH4) ............................................................

. a For analyses of fuel used see p. 201 (sample 4104).
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WASHING TESTS.

. Pennsylvania No. 15.
Test 188.—Duration of test, 2 hours. .Size asused, through l-inch screen. Jig used,
special; speed, 70r. p. m.; stroke, 23 inches. Raw coal, 20.37 tons; washed coal, 15.25
tons, 75 per cent; refuse, 5.12 tons, 25 per cent.

Analyses.
Ash. Sulphur.
Mois-
Sample tested. Lab. No.| o0 Per cent Per cent
* |Percent.| reduc- |Percent.| reduc-
tion. tion.
Raw coal,car sample........c.covnennnnn. 4082 3. 13 9. 81 .......... 37T e
Washed coal, test 188.................... 4597 6.45 5.38 45 1.53 59
Refuse........oooooiiiiiiiiiniinin oo 5.78 4718 ... 19.78 .........
Float and sink tests.
Analysis.
Percentage Analysis
Specific of float.
: Size | gravity Sink Ash. Sulphur.
No. of test. used | of solu- (per 3 >
(inch).|{ tion To | cent). Per *| Per
used. To | total Per | cent [ Per | cent
refuse. | sam- cent. | reduc-| cent. | reduc-
ple. tion. tion.
"On raw conl (prelimi-
nary):
135 |....... 72 28 5.47 44 1.30 66
L4 .| 78 22 5.27 46 1.45 62
1.45 [ ...... 80 20 5.54 43 1. 54 59"
152 |........ 81 19 6. 26 36 L7 55
1.35 | 11.80 171
1.41 | 13.20 2,13 |.
1.46 | 14.50 2.29
1.51 | 17.20 2.88 1.

a Figures indicate that finer crushing is advantageous. Loss of ‘‘good coal’’ in the refuse‘ will not
exceed 2 per cent. By ‘‘good coal’’ is meant all coal of a quality equal to or hetter than that of the

washed coal.
COKING TESTS.
Pennsylvanig No. 15 (run of mine, washed).

Test 185. [ T'est 188.

Sizcasused...........:.....................: ...... A - f.c. r.o.m.
Duration of test. .. -hours.. 61 54

Coal charged..... . po%nds:. : g, 3?8 lg, ggg
....do.:.. . 1
Coke produced........ B S RERAE - .{pe[ ce‘nt_ : 59.2%; 65'33(2}
Breeze produced. ... ... e {gg:‘gé]ft ) 269 2? g(.)
Total yield.........oooi i Lilleceeea. [ N do.... 61. 96 68. 02

Remarks.—Test 185: Dull-gray color; soft dense coke ; high sulphur,  Test 188: Light
gray and silvery; much better than coke from finely ground coal; high sulphur.

. . Analyses.
T'est 185. Test 188.
Coal. | Coke. | Coal. | Coke.
Moisture.......... -] 0.5 | 4.53| 0.57

.32 | 18.56 .65
70. 63 90. 23
8.02) - 6.28 8.065
1.46 | °1.8 1.54

Volatile matter
Fixed carbon

=
FoBNN
BLEARS

=3

2

=

<o
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BRIQUETTING TESTS.
Pennsylvania No. 15 (run of mine.) .

Test 176.—Size as used: Over } inch, 2.2 per cent; {4 inch to % inch, 6 per cent;
#p inch, to 5 inch, 12 per cent; #; inch to 7 inch, 19 per cent; through 1 inch,
60.8 per cent. - This test, with 7 per cent binder, gave satisfactory briquets, which
were tough and easily handled ‘without breaking when -warm, but brittle when cold.
Broke with characteristic smooth glossy fracture; hard surface, and sharp edges. For
analyses of briquets see page 201 (steaming test 467). ° ]

Test 184 1.—Size as used: Over } inch, 0.8 per cent; - inch, to % inch, 7 per cent;
o inch to {% inch, 15 per cent; & inch to 5 inch, 22.2 per cent; through # inch,
55 per cent. Pennsylvania No. 15 was mixed with an equal portion of Rhode Island
No. 1 (run of mine) in this test. Excellent briquets were made with 6.25 per cent
binder on the Renfrow machine. Although the pitch used had a low melting point,
the briquets handled well from the machine, and piled without sticking. - The outer
surface was very hard and smooth, and broke without crumbling, giving a smooth
fracture and sharp edges. For analyses of briquets see page 201.

Test | Test : Test | Test

176. 184f. ' 176. 184f.
Details of manufacture: » I Tumbler test (1-inch screen):
Machine used.._.........._... Renf. | Renf. Held.............. percent..| 70.5 93.0
Temperature of brlquets °l1 185 185 Passed (fines) ......... do....| 29.5 .7.0
Binder— | Fmes through 10-mesh sieve
Kind.ooooovoiiiiiiio... W.EDP | WD || il percent..| 850 91. 4
Laboratory No. (see p.40)| 4553 4543 || Weathering test:
Amount....... per cent.. 7 6.25 Time exposed .. ... ...days.. 53 11
Weight of— - . Condition.................... A. A.
Fuel briquetted.pounds..| 8,000 | 10,000 || Water ahsorption:
» Briquets, average..do....| 0.420 0.5 In19days........percent..[ 220 |........
Heat value per pound— 13712 fxn 16 da,yfs e Ldoofoais 13.3
. al3,7 verage for first—
Fuel asreceived..B.t.u. .| 13,712 {610:996 4 days....v ________ do.... 4050 ..
Fuel as fired...... do.... 13,702 | 12,793 (| = S5days............. do....|........ 1.90
Binder................... 16,969 | 16,969 || Specific gmv:ty (apparent)...... 1.043 1275
Drop test (1-inch screen):
Held. .coenenann... per cent 50.5 68.5
Passed ....coeiinnnnnn. do....| 49.5 3L5
@ Pennsylvania No. 15. ' b Rhode Island No. 1 (see p. 223).
Extraction analyses.
Fuel. Briquets.
Pitch. .
: Pa. No. | R.1No. | pegt 176. (Test 184t.
© LABOTALOTY NO. .. eeeieneeeiieer e ieeanan.ns 4543 | 4104 3141 |.......... T 4913
Air-dryi loss ........................... J 2.10 3.40 2.80 0.03
Extracte CS;: - .
Alr-dnec{7 ................................ JR .79 .02 5.89 6.27
Asreceived.....................L ....do.... 99. 66 N .02 5.72 6.25
Piteh in briquets, as received S N Py 5.02 5.91

PENNSYLVANIA NO. 16.

Bituminous coal from the D bed at Hastings, Cambria County,
on the Pennsylvania Railroad, was designated Pennsylvania No. 16.
The coal, as worked from the outcrop at this place averages 4 feet 4

inches in thickness.
~ One sample, shipped under the superv1s10n of K. M. Way, consisted
" of run-of-mine coal, and was used in steaming tests 468 (on briquets)
and 471, producer-gas test 148, and briqueting tests 172, 173, and
174.
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‘Two mine samples were taken for chemical analysis. Sample 4028
was taken several hundred feet from the opening, where the coal
measured 4 feet 6 inches in thickness. Sample 4029 was taken on
the other side of the mine, where the coal measured 4 feet 2 inches in
thickness. ' :

CHEMICAL ANALYSES.

Pennsylvania No. 16.

G Steaming tests.e
Mine samples. Szwt:[r)lc. . e
468. 471.
Laboratory No............. e 4029 4169 4263 ...
Air-drying loss.......oviiiiiiiiiiiii i 2.30 3.90 ..ot
Proximate: .
Moisture............ o i, 2.74 4.25 5.27 4.16
Volatile matter. 22.66 21.79 23.69 21.07
F IXL(I carbon. . 67,37 66. 09 62. 69 65. 84
......... 7.23 7.87 8.35 8.03
Sulphur ......................................... 1.51 1.59 1.68 1. 60
Ultimate: .
Hydrogen..... ...ttt
Carbon.....
Nitrogen.
Oxygen
smp't{\ir'.' ................................... ol
Calorific value determined (as received). .{%‘“2“35‘ |

o Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.

Pennsylvania No. 16 (run of mine).

Test 408, | T'est 471.
Size as used: :
Over 1inCh. .. ... e 7.2
dinchtolinch............. do.... 11.6
inch to 4 inch..... s e . '18.8
nder }imth........ .. . 62.4
Average diameter. .. . .. .39
Durationof test................. 3 10.03
Heating valueof fuel... ... ...... ... ... ..., B.t.u. 13,939
Force of draft:
Under StACK AAIMPEE. ..ottt ittt ea e ce e iaaaneas mch water. . 0.73 0.76
Above fire.......coooeaa.... e e do... .14 .20
Furnace temperature. ... .. ... .. e °F .. 2, 855 2,785
Dry fuel used per square foot of grate surface per hour.................. pounds.. 19.04 18.52
Equivalent water evaporated per square foot of wuter-heatmg surface per hour,

L0 3.77 3.63
Percentage of rated horsepower.of hoiler developed.............. 105.7 98.90
Water apparently evaporated per pound of fuel as fired 7.78 7.59
Water evaporated from and at 212° F.: A

Per pound of fuel as fired. ... ... i e 9. 40 9.15
Per pound of dry fuel....... . . 9.92 9.55
. Per pound of combustible...... do. 11.03 11.03
Efficiency of boiler, including grate..................... e 67.28 66. 16
Fuel as fired:
Per indicated horsepower ROUr. .. ... ... i it it iaiiiaiaaaan 3.01 3.09
Per electrical horsepower hour............. ..o do.... 3.71 . 3.82
Bry fuel:
Per indicated horsepower hour. .. ... ..o iiiiiiiiiiiiiiiiiiiiii do.... 2.85 2.96
Per electrical horsepowerhour. ... ... ... . i i do.... 3.52 3.66

Remarks.—Test 468 on briquets, equal weights, from tests 172, 173, and 174. Bri-
quets from both machines burned slowly with very hot fire, medium length flame,
and no smoke; 41 per cent heavy, rough, brittle clinker of gray color; small amount
of fine unburnt coal contained in ash.
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PRODUCER-GAS TEST.

Pennsylvania No. 16 (run of mine).

Test 148.—Duration of test, 50 hours. Average electrical horsepower, 199.2.  Aver-
age B. t. w. per cubic foot of gas, 149.5. Total coal fired, 9,950 pounds.

Coal as Dry Com-
fired. coal. |bustible.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: . -
Commercially available. . ... ... .. ... .. .. 1.04 0.99 0.90
Developed at switchboard...... .. ... ... il 1.00 .95 .87
Per brake horsepower:
Commercially available................... s . .89 .84 W77
Developed at engine.. ... i .8 | .80 .74
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Commercially available. ... ... . . . ... ... 1.17 111 1.01
Developed at switchboard............................ e veeeeeaaaas 112 1.06 .97
Per brake horsepower:
Commercially available. . ... ... .. ... .. iiiiiiiiiiiiil .99 .04 .86
Developed atengine..... ... ... ...l .95 .90 .82

Analyses.
Gas by volume.

Moisture. .......oooiiiiiiiiia P 5. Carbon dioxide (COg).......o......o.il... 10,1
Volatile matter . Carbon monoxide (CO) 18.2
leed carbon........... 5. Hydrogen (Hg)................. 15.8
..................... g Methane (CH,).. 2.3
Sulphur ............................ e .60 | Nitrogen (Ng)..... 53.2
Ethylene (C:Hy) .4

- BRIQUETTING TESTS.
Pennsylvania No. 16 (run of mine).

Tests 172, 178, 174.—Size as used: Over ¥ inch, 2.2 per cent; % inch to } inch,
5.4 per cent; o} inch to % inch, 11.2 per cent; 4% inch to 4 inch, 21.4 per cent;
through 4% inch, 59.8 per cent. There was no difference in physical appearance
between English briquets with 6 and those with 7 per cent binder. All briquets were
satisfactory, with smooth, very hard surface, characteristic glossy fracture, and sharp
edges. Renfrow briquets broke without crumbling and were easily handled from
machine when warm. TFor analyses of briquets see page 205 (steaming test 468).

Test 172. | Test 173. | Test 174.

Details of manufacture:

Machine used.......... e e Eng. Eng. Renf.
Temperature of brlqucts ........................... e oK. . 203 203 185 °
Binder—
c.t.p.t ctp. ¢ t. p.
Laboratory No. (see p. 40) s 4319 4319 4319
Amount................... ...per cent 6 7 7
Weight of— .
Fuel briquetted. .. pounds. . 3,500 3,500 5,000
Briquets, average. ...do.... 3.66 3.69 0,428
Heat value per pound—
Fuel as recewed B.t.u.| 13,513 13,513 *13,513
Fuel as fired .do.... 13 487 13,487 13 487
Binder...... .do.... 16 139 16,139 16 139
Drop test (1-inch ser .
eld.......... .per cent.. 76.1 80.4 44.5
Passed . s do.... +23.9 19.6 55.5 -
Tumbler tes
Held.. .. e .do.... 78.8 81.7 69.5
Passed (ﬁ.ues F N doo...l 212 18.3 30.5
Fines through do.... 64.0 63.9 91.0
‘Weathering test:
Time exposed 54 50 54
Condition. . A. A. B.
Water absorptlo
In 10 QayS. .. oo .. 13.9 14.7 19.0
Average for first 4 days .. do.... 1.35 1.30 3.30

Specific gravity (apparent).... ... ... ...l 1113 1.110 1.056
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Eutraction analyses.

‘ Briquets,

Pits o tests

Pitch. Fuel. 172, 173,

174.
Laboratory No..... e e e e e et 4319 4169 4253
AIr-Arying 0SS . < oe e i percent..|.......... 3.90 4.50
Extracted by CSg .

Adr-dried. ... U P .06 5.60
Asreceived...................... PPN+ [v J 66. 25 .06 5.35
Pitch in briquets, as received J N 8.00

PENNSYLVANIA NO. 17.

Bituminous coal from the Upper Freeport or E bed at White,
Indiana County, on the Pennsylvania Railroad, was designated
Pennsylvania No. 17. The coal, as worked from the outcrop at this’
place, averages 3 feet 3 inches in thickness.

One sample, shipped under the supervision of A. K.. Adams,
consisted of run-of-mine coal, and was used in steaming tests 496
and 506, producer-gas test 158, washing test 189, and coking tests
178 (raw) and 186 (washed). .

Two mine samples were taken for chemical analysis. Sample
4336 was taken 700 feet southwest of the opening, wherg the coal
measured 3 feet 3% inches in thickness. Sample 4337 was taken
485 feet west of the opening, where the coal measured 3 feet 3 inches
in thickness.

CHEMICAL ANALYSES.

i’ennsylvanizx No. 17.

®
' Bteaming tests.a
: ; Car
Mine samples. —— T ——
sample. | 495, 506.
Laboratory No.. 4336 4337 4421 |. ..
Air-drying loss. . 1.30 1.30 . 330 ....
Proximate: .
Moisture........................ 2.22 2.22 4.35
Volatilematter.. .. ...c..o....... ... 30.91 30.95 27.76
Fixed carbon........... 59, 3 . 55,99
Ash............ e . 3 11.90
Sulphur 1.51
Ultimate:
Hydrogen 5. 04
Carbon. . 71.62
Nitrogen 1.39
Oxygen.. 8.54
Ash.. T LT
Sulphur ] - T RTT I 3s0
. calories..!..... .. , 76 f
Calorific value determined (a,s received). { tou. 13,801 12,964

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
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STEAMING TESTS.

Pennsylvania No. 17 (run of miné).

Test 496. | Test 506.

Size as used: -

Over 1inch. ... e eeeiaaeas per cent.. 14.4 6.3

%inch to linch:......... do.... 28.1 15.8

}inch to §inch..... ..do.. 22.3 22.1

Under }inch........ do.. 35.2 55.8

Average diameter. ... . ... i inch 0. 62, 0.43
Duration of test .. ... ... hours.. 10. 00 9.23
Heating valueof coal.............................. B. t.-u. per pound of dry coal..| 13,455 13,644
Force of draft: ’

Under stack damper. ... o iiv i inch water.. 0.86 0.76

Abovefire.............. do.... .21 .06

Tnash pit............... dooflllll .32
Furnace temPeraturC. - oot ittt et ea e e e eaaaeaan °F.. 2,768 2,444
Dry coal used per square foot of grate surface per hour.................. pounds..[  20.00 20. 00
Equivalent water evaporated per square foot of water-heating surface per hour,

POUDAS - - et ettt e [N 3.63 3.50
Percentage of rated horsepower of boiler develoPed ............ 101.8 98.00
Water apparently evaporated per pound of coal as fired 7.28 7.02
Water evaporated from and at 212° F.: .

Per pound of coal asfired......... oo it 8.78 8.51

Per pound of drycoal. ..ol ‘9.09 8.76

Per pound of combustible.....cooiiaii i - 10.76 10.16
Efficiency of boiler, including grate........ ...l : 65.24 62. 00
Coal as fired:

Per indicated horsepower NOUr. ... .. .o iiiiiiiiliiieciianaannn 3.22 3.32

Per electrical horsepower hour........ .. ... iiiiiiiiiiiiiiiiiieiaians d 3.98 4.10
Dry coal:

Per indicated horsepower hour. ... ... .o iiiiiiiriiiiiiaaiiaaas do.... 3.11 3.23

Per electrical horsepower hour. ... ... .. oo iiiiiiiioiiiaiiaieaanaas do.... 3.84 3.99

Test 158.~—Duration of test, 50 hours.

PRODUCER-GAS TEST.

Pennsylvania No. 17 (run of mine).

Average electrical horsepower, 188.4. Aver-

age B. t. u. per cubic foot of gas, 141.2. Total coal fired, 13,200 pounds.

8%

Coalas | Dgy Com-
fired. coal. | bustible.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower:
Commercially available................... . ... 1.46 1.39 121
Developed at switechboard ........................... ... 1.40 .34 | 1.16
Per brake horsepower:
Commercially available. ... ... .. . .o iiiiii i 1.24 1.19 1.
Developed at engine. ... .. ... .. i i 119 |- 1.14 0.
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Commercially available....... ... .. ... ... ...l 1.55 1.48 1.28
Developed at switchboard ....... ... . ... ... ... 1.49 1.42 1.23
Per brake horsepower:
Commercially available. .. .. ... iiiiiiiiiiiiiaiiiaaas 1.31 1.26 1.09
Developed at engine 1.26 1.21 1.05
Analyses.
Coal. Gas by volume.
Moisture.............. B et 4. Carb :
H arbon dioxide (COg). ... .......ccoiiiii. 10.0
g."lg‘g‘l:&%a'o‘;f“ """"""" gg g% Carbon monoxide (CO) ...................... 17.5
X TrrTtertTeessoseccsseesesocees g Hydrogen (Hzg ................ 13.7
. Methane (CH).vooovaenemnnniiiiiiiaaaannn 2.2
Nitrogen (Ng) - ..aveioeeeneaiiemianeeiaaaaaas 56.1
OxXygen (Og) . .ocnnevariini it .1
Ethylene (CoHg) -ovvvnneenniieniiiaiiiaas .4
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WASHING TESTS.
Pennsylvania No. 17.

Test 189.—Duration of test, 14 hours. Size as used, through l-inch screen. Jig
used, special; speed, 70 r. p. m.; stroke, 2} inches. Raw coal, 7.28 tons; washed
coal, 6.30 tons, 87 per cent; refuse 0.98 ton, 13 per cent.

Analyses.
Ash. Sulphur.
Sample tested. Lab. No. lglfrig' . Per cent Per cent
* | Percent.{ reduc- |Percent.| reduc-
tion. tion.
Raw coal, car sample . 4,35 1190 [.......... L5L | ........
Washed coal, test 189 . 5.18 8.02 33 1.16 23
Refuse.......ooeeoiiiiiiii . 4.58 450 |.......... 8.85|..........
Float and sink tests.
Pcrcgg;%.gc of Analyses.
Specific .
Size | gravity : Sink Ash. Sulphur.
No. of test. used | of solu- To {per
(inch). | tion To | 45tal | CEDD). * Per Per
used. | refuse. lo mple. Per | cent. | Per | cent.
cent. | reduc-| cent. | reduc-
N tion. tion.
On raw coal (preliminury) :
1 L35 ..., 100 34
1.40 |........ 1.08 28
145 ... 1.26 17
L82).......0 1.13
135 1300 128 )........
1.41] 14.00 L40]........
L45) 19.30 147 {........
1.51| 2375 L67........

.

a Loss of good coal as calculated, 1.5 per cent. By “Igood coal’’ is meant all coal of & quality equal to

or better than tha,t of the washed co
- COKING TESTS.
Pennsylvania No. 17 (run of mine).

Test 178 Test
(raw). [186 (w.).
Siz€ BIUSA .« oot e et e e f. c. fc.
Duration of test.... .. .. . 52 44
Coaleharged. .. ..o ey . 12,220 11,920
Coke ProAUCEd . . . ..ottt e { -do.... (7;;.934 - E:.fﬁ :
Breeze produced . . .......oooiineeeeean. .. TR {gg;‘gg;t:: 2?33 2?2;
Total yield......oooviiiiieiaiaans e do.... 67. 86 65. 69

Remarks.—Test 178: Light-gray and silvery; good weight coke; ash high. Test 186:
Good, strong, heavy coke; light-gray and silvery. Washing improves both physu.al
appearance and chemical analysis, reducing ash and sulphur.

o ’ - Analyses.
Test 178. Test 186,
Coal. | Coke. | Coal. | Coke.
Moisture......... e 441 0.22| 6.30 0.29
Volatile matter. ....| 28.83 .36 28.24 . 56
leed carbon. . 57.86 | 84.55| 57.22 87.96
.......... 8.90 |- 14.87 8.24 1.19
Su]phur ............................................................... 139 1.37 119 100

19698—Bull. No. 332—08——14
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PENNSYLVANTIA NO. 18.

Bituminous coal from a mine working the ‘‘Miller”’ bed, out-
cropping at Lloydell, Cambria County, on the Pennsylvania Railroad,
was designated Pennsylvania No: 18.

This sample consisted of run-of-mine coal shipped under the
supervision of K. M. Way, and was used in steaming tests 499 and
515 (on briquets); briquetting tests 196%, 197%, 200%, 201, 202, 205,
232%%, 2361, and 250%; mixed with Rhode Island No. 1 in briquet-
ting test 2431; and mixed with Miscellaneous No..9 in briquetting
tests 2381, 2391, 2401, and 248.  Four cars were shipped to the plant,
and one car was shipped to the Pennsylvania Railroad locomotive-
testing plant at Altoona.

Two mine samples were taken for chemical analysis. Sample 4347
was cut from the left.entry, 2,500 feet south of the mouth of the drift.
Sample 4348 was taken from the face of the fifth left entry, 3,200
feet south of the mouth of the drift.

Six car samples were taken—sample 4509 for complete chemical
analysis, and five others for air-drying loss and moisture, as follows:

Laboratory No. 4490 4514 | 4547 4505 4499
Air-drying loss 8.10 3.80 4.40 6.20 4. 60
Moisture 872 4.32 5.01 6. 60 514
CHEMICAL ANALYSES,
Pennsylvania No. 18,
) Car Steaming tests.a
Mine samples. | sample. oy vy
Laboratory No....... ... " 4347 4348 - 4509 1512 4755
Air-drying loss .. ... oo 1.90 2.20 410 jooiii i
Proximate:
Moisture. ... e 2.43 2.66 4.46 4.05 5.95
Volatile matter................... 17.75 17.60 15. 4 19.68 18.41
Fixed carbon........c..ooiiiiiiiiiiiiiiainnn... 73.21 71.18 71.63 66. 56 67.00
X X 8.47 9.71 8.64
1.49 1.72 1.34
4.80 4.29 4.16
77.43 79.76 '80. 41
11.28 1.05 ¢ 1.19
6.53 2.99 3.63
A P (A 10.12 9.19
Sulphur..... ...l T ) IRTRPPP [Lrr i 1.79 1.42
Calorific val t : . e ories. .|.. 7,601 ...
orific value determined (as received) {B. L750 DR PR 13,995 13,682 |.eeveee]ivaanann
Briquetting tests.b
196*. | 200*. 232%1,205.) 236%. | 238t. | 239t. | 240t. | 243t. | 250%.

Proximate: i .
Moisture....... 2.41| 471 1.83| 1.30( 106 | 1.34 2.55
Volatile matter 19.41 [ 18.43 | 15.05 | 13.73 | 15.87 | 16.39 | 24.23
Fixed carbon.. 68.86 | 69.14 | 69.52 | 69.67 | 69.24 | 70.34 | 62.80
9.32| 7.72113.60 ) 13.50 ) 13.83 ) 11.93 | 10.42
1.75 | 119§ 1l.61 | 1.19| 1.44| 1.37 1.99
4.10 | 4.40 3.12 | 2.81 | 2.81 | 3.46 4.36
81.20 | 81.77 [ 77.24 | 70.94 | 76.02 | 77.79 | 78.64
111§ 1.26 .70 .75 .81 .53 .88
2.25 | 3.22| 3.48°| 879 | 4.92] 4.74 3.39
9.55 | 8.10113.82115.50 | 13.98 | 12.09 | 10.69
.79 125 1.64} 1.21| 1.46| 1.39 2.04

aProximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample,
b Proximate analysis of fuel as received; ultimate analysis on dry basis.
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STEAMING TESTS.

Pennsylvania No. 18 (briquets).

Test 499. | Test 515.

Duration of test. . ... e hours. . 8.58 9.22
Heating value of fuel.............ooooiiiiiiiiiiiaaa. B. t. u. per pound dry fuel..| 14,119 14,292
Force of draft: .
Under stack dAmPer. .....ooiuuiiii e .. 0.81 0.84
. Abovefire............ do.... .19 .18
Furnace temperature IS 2,854 2,709
Dry fuel used per square foot of grate surface per hour ounds. . 21.50 21.13
Equivalent water evaporated per square foot of water-heating surface per
“hour.. ...l et eeeaeiaeteaieaeaaaaas .. 4.09 4.02
. Percentage of rated horsepower of boiler developed........... : 114.7 112.6
Water apparently evaporated per pound of fuel as fired 7.54 7.38
Water evaporated from and at 212 °F.:
Per pound of fuel as fired 9.14 8.95

Por pound of dry fuel...... Tdolll| - 9lB2 9.52

Per pound of combustible 10.72 10. 62
Efliciency of boiler, including grate 65.11 64.33
Fuel as

Per indicated horsepower hour 3.09 3.16

Per electrical horsepower hour...........ooviiiiiiiiiiiiiiiaiiiaiiaa.., do.... 3.82 3.90
Dry fuel: :

Per indicated horsepower hour. ... ...........oooiiiiiiiiiiiiii .. do.... 2.97 2.97

3.66 3.67

Per electrical horsepower hour...... N do....

Remarks.—Test 499 on Renfrow briquets from tests 201 and 202; test 515 on English
briquets from test 197%. English.briquets fired whole, both burned with short flame,
intense white heat, and no smoke. English briquets made 26 per cent clinker;
Renfrow briquets made 44 per cent clinker. ] .

BRIQUETTING TESTS.
- Pennsylvania No. 18 (run of mine).

Tests 196%, 197%, 200%, 201, 202, 205, 232%, 2361, and 2501.—Size as used: Over } inch,
1.4 per cent; {yinch to } inch, 5 per cent; s inch to 4 inch, 10.6 per cent; 7 inch
to 4 inch, 24.8 per cent; through 7 inch, 58.2 per cent. Excellent briquets were
made with 5, 6, and 7 per cent binder on the English machine; 8 per cent binder gave
good results on the Renfrow machine, but those with 6 and 7 per cent binder were
not satisfactory. This coal worked equally well with high and low moisture content,
making briquets with hard surfaces that were easily handled and piled. The fracture
was smooth, the particles of coal being so thoroughly cemented that the appearance
was like a #olid mass. For analyses of briquets see page 210 (briquets from tests
201 and 202 under ““Steaming test 499, from test 197* under ““Steaming test 515°’).

Test | "Test go?)it Tes Tes Test | Test Test Test

196%. | 197 201. 202. 205. | 232%. | 236t. | 250t
Details of manufacture: .
Machine used. . s ..| Eng.| Eng.| Eng.| Renf. | Renf. | Renf. | Renf. | Eng. | English
158 140 185 149 149 158 167 158 157
Kind........ eeens W.8.D.|W.8.D.| W.ED.| W8P | W.B.D. | W.B.D.| W.EB.D.| W.B.D. (%)
La(,bor atory No. 46£ 4683 4683 4683 4683 48806 4806 4806 4825
see p. 40).
Amount, per cent.. 6 7 5 6 7 8 8 7 8
Weight of—
Fuel briquetted,
pounds.......... 24,000 (128,000 | 24,000 | 3,600 | 6,500 | 6,000 {146,000 | 40,000 1,800
Briquets, average, .
pounds.......... 3.57 3.62 3.66 | 0.456 [ 0.439 | 0.407 | 0.469 3.62 3.91

Heat value per pound—
Fuel as received, | -
Botuo.oo.o.oll. 13,682 | 13,682 | 13,682 | 13,682 | 13,682 | 13,682 | 13,682 | 13,682 13,682

B R U 14,029 | 13,442 | 13,946 | 13,547 | 13,547 | 13,037 | 13,037 | 13,873 | 13,680
Binder....B. t. u..l 16,637 | 16,637 | 16,637 | 16,637 | 16,637 | 16,637 | 16,864 | 16,864 | 17,156

e Wax tailings.
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BRIQUETTING TESTS—Continued.

Pennsylvania No. 18 (run of mine).

Test | Test | Test | Test | Test | Test | Test | Test Test
196 | 197%. | 200%. |- 201. 202. 205. | 232%f. | 236%. | 250f.
Dro% test (l-inch screen):
......... percent..| 70.6 66.7 62.5 21.0 41.0 54.5 54.5 67.5 89.0
assed .......... do.. 29.4 33.3 37.5| 79.0 59.0 45.5 45.5 32.5 11.0
Tumbler test (1-in. screen) . 1
“Held........ per cent 66.0 66.1| ° 72.2 51.0 71.0 85.0 89.5 61.8 91.9
Passed (fines). . 34.0 33.9 27.8 49.0 29.0 15.0 10.5 38.2 8.1
Fines through IO-mesh
sieve....... percent..| 76.0 59.5 77.6 8.7 89.2 80.7 90.3 53. 4 46.2
Weathering test:
Time exposed...days.. o R P
‘Condition.............. e
Water absorption:
Inl9days...percent..| 14.9| 12,0 |..... . ...l feeaai b
In13 days....... do.... |l 11.5 17.4 16.0 15.3 11.0 11.7 5.9
Avemge forfirst 4 days, .
cent.............. 1 1.55 2.10 3.12 2. 2.33 1 2.13 0.95
Specific gravlty (apparent).| 1.129 { 1.161 | 1.131 ( 1.088 | 1.106 | 1.102 | 1.164 | 1.156 1.240

Extraction analyses.@

Briquets.
Fuel- | et | Test | most | L2868 | LeSs | mesy | oy

C 196K | 197 | 200% | 500 2324}, 236f. | 250t
Laboratory No...................... 4490 5061 4755 5062 4512 4797 4906
Alr—drymf loss.. ....pereent..} 810 |........ 510 4........ 3.90 3. 80 L70

Extracted by cs : :
Air-dried. . ...do.... (N 501 ..., 5.96 7.69 | . 810
As received . ..d 169 5. 44 5. 61 4.68 5.73 7.38 7.96
Pitch in briquets as received..do....{........ 5.36 5.56 4.51 5.70 6.98 7.33

e Forextraction analyses of pitches used, see p. 40.

Test 238t.—Pennsylvania No. 18, 75 per cent; miscellaneous No. 9 (coke breeze),
25 per cent. Satisfactory briquets were made with 8 per cent binder; similar to
briquets from Pennsylvania No. 18, alone. Surfaces smooth and hard; fractured
gurface smooth with sharp edges; could be handled easily while warm, and did not
crush or stick together when piled warm.

Test 239t.—Equal parts of Pennsylvmla No. 18 and miscellaneous No. 9. The
briquets were softer when warm than in test 238f, but could be handled without
breaking; very hard when cold; broke without crumblmg, fractured surface rough
but firm.

Test 240t.—Pennsylvania No. 18 25 per cent; mlscellaneous No. 9, 75 per cent.
The briquets were very soft when warm and could not be handled without, consider-
able breakage, but hard when cold; fractured surface very rough, with edges that
crumbled easily. This test showed the necessity of handling fuel mechanically until
cold to prevent breakage.

Test 248t.—Equal parts of Pennsylvania No. 18 and Rhode Island No. 1, ‘both run
of mine. An effort was made to improve the burning qualities by increasing the
melting point of the binder, but owing to the hardness of the pitch used and insufficient
pressure, these briquets were not satisfactory. They could not be handled when warm
without many being broken, but when cold were brittle, producing conmderable slack
in handling. No physical tests were made.

Test 248.—Pennsylvania No. 18, 10 per cent; mlscellaneous No. 9, 90 per cent.
Characteristics of briquets noted in test 2401 were more pronounced. The breakage
of warm briquets in falling from machine and during handling with coke fork was
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fully 50 per cent, showing the necessity of careful handling of briquets 6n a belt con-
veyor until they are cool. The cold briquets were handled satisfactorily.

" For analyses of briquets, see page 210.

Test Test I'est Test Test
238t 239¢. 240t. 243t. 248.
Size as used: . ’
Overjineh. ...l 1.0 0.6 1.4 1.0 1.4
Yy inch to % inch. . 6.8 6.2 7.8 6.8 8.4
g inch to @& inch.. 14.2 15.0 16.6 17.6 16.8
ﬁ inch to 4y inch. 21.8 23.4 26.2 25.2 29.0
der. £y inch 56.2 54.8 48.0 49.4 4.4
Details of manuiacture:
Machine used...........oooiiiiiiiiiiiiiii Renf. Renf, Renf. Renf, Renf,
Temperature of briquets......co............ oF.. 167 16 167 18 1
Bin Fe:,r—(-i
ind.. ...l W.g.D. | W.g.p. [w.g. D w. g. p.
Laboratory No. (sue p.40). 4806 . 4806 40625 4879
Amount.. ...l 8.0 |- 8.0 8.0 8.0
‘Weight of—
uel-briguetted................... 8,000 8,000 2,000 2,000
Briquets, average.................... d 0. 479 0.568 |.......... 0.479
Heat value per pound—
Pa. No.18........ B.t.ou..| 13,682 | 13,682 | 13,682 | 13,682 13,682
Fuel as received{R. I. No. 1,........ [€ L TR DO N P 10,996 |..........
. Misc. No. 9......... do....| 10,870 10,870 10,870 |.......... 10,870
FUel 88 fired...nneeneeneenaaannnnnn. do....| 13,185 12,787 12,721 13,387 |..........
Binder ... ... 16,864 16,864 16,864 16,576 16,805
Drop test (1-inch screen): .
Held. .o percent.. 48.0 5.5 40.0 {.ccennnn.. 61.0
Passed. ...ooiiiii i do... 52.0 43.5 60.0 |.......... 39.0
'I‘mnbler test (l-inch screen):
Held. . ..o do.... 87.0 78.5 90.0 [..cnennnn. 80.0
Pagsed (fines) .. ....cooevveemiiiiecennnn.. do.... 13.0 21.5 . 20.0
Fines through 10-mesh sieve.............. do.... 84.4 92.6 85.2
Water ahsorptions
In23days....ccoooiveeiiniainiia, L6 ) [ 19.5
In 10 days do.... 15.8
In9days........ -
In8days.c..cooviieiiiiniiiiiinann,
Average for first—
Tdays ..o
5 da.ys ...... ‘..
Specific gmvnty (apparent)

Extraction analyses.

Fuels. Briquets.
. Pitches. Pa. No.l| R.I. | Misc. | Test | Test | Test | Test
18. | No.1. | No.9. | 238t 239t. | 240f. | 243t.
Lal)omtory NOowoevriianan, 4625 4806 4490 3141 4763 4930 4932 4977 4832
Air-drying loss ...percent..|........|........ 8.10 3.40 1.30 1,00 0.90 f........ 0.70
Extracted by CSp:
Air-dried ......... 4 1 Y PSRN IS .76 .02 5| 721 | 785 ..., 8.91
As received....... do....| $0.56 | 96.90 LG9 .02 .15 7.21 7.52 7.43 8.84
Pitch in Dbriquets as ro-
ceived.......... pereent. | ... ... ..o et 7.17 7.35 7.14 9. 41

PENNSYLVANIA NO. 19.

Bituminous coal from the Pittsburg bed one-fourth mile north of
Herminie, Westmoreland County, on the Pennsylvania Railroad, was
designated Pennsylvania No. 19. The coal, as worked at a depth of
300 feet at this place, averages 6 feet 2% inches in thickness.

One sample, consisting of run-of-mine coal shipped under the
supervision of A. K. Adams, was used in steaming tests 498 and 508
(on briquets), coking tests 176 and 177, and bnquettmg tests 218,

219, and 242.
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Two. mine samples were taken for chemical analysis. Sample”
4351 was taken 1,400 feet north of the opening, where the coal
measured 5 feet 84 inches in thickness. Sample 4352 was taken
4,000 feet south of the opening, where the coal measured 6 feet 73
inches in thickness. '

CHEMICAL ANALYSES.

Penngylvania No. 19.

Steaming tests.a iquet-
Car uming Briquet.

Mine samples. : e — ting test
v sathple. | yo¢. 508. Y.

Laboratory No.........c....coooiaai. 4351 4352 4489 |.......... 4648 4828
Air-dryingloss.... ... .. ..ol 1.70 1.00 2.40 | oo 0. 50
Proximate: : R R
Moisture. .. . .....oooiiiiiiiii.t 2.81 2.01 3.39 3. - 512 1.76
Volatile matter . 32.21 33. 56 31.79 31. 33.00 33. 50
58.71 58. 11 56. 46 57, 54,36 55. 24
6.27 6. 32 8.36 7.52 9. 51
.99 1.39 1.05 1.05 1.36

4.52

75.91

Nitrogen. 1.35
Oxygen.. 7.16
Ash._..... . . 9.69
Sulphur. ... ..o ceen 1.38
Calorific value determined (as fcalories..|.... 7,581
received)........coiiiiiiiaa.n B.t.u... 13,646

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figureil from car sample.

STEAMING TESTS.

Pennsylvania No. 19 (run of mine).

Test 498. | Test 508.
Size as used: . :
Overlinch........ e .. 67.1
4-inch to 1inch. d 12.4 .
1-inch to 3-inch. e 9.8 |;Seep.215.
Under 4-inch..... ..do... 12.7 .
Average diameter .. .. ..inches. . 1.99
" Duration of test........ e aiaiaaaeaen hours. . 9.50 | - 9.38
Heating valueof fuel....... ... ... ... ... ...... B. t. u. per pound of dry fuel..| 14,128 14,270
Force of draft: ' L
Under stack dammnper. .. ..ottt iee et caaaaaannns inch water.. 0.86 0.97
Abovefire........... e .19 .23
Furnace temperatiire .. 2,828 |..........
Dry fuel used per square foot of grate surface per hour pounds.. 20. 42 20. 96
Equivalent water evaporated per square foot of water-heating surface per hour,

00100 16 3.81 4.05
Percentage of rated horsepower of boiler developed............................ ... 106. 8 113.7
Water apparently evaporated per pound of fuel as fired.................. pounds.. 7.48 7.58
Water evaporated from and at 212° F.: .

Per pound of fuel asfired.................. ...t ceen 9.05 9.20
Per pound of dry fuel...................... ..do.... 9.35 9.69
Per pound of combustible.................. 10. 48 10.79
Efficiency of boiler, including grate 63.91 65. 58
Fuel as fired: .
Per indicated horsepower hour . 3.12 3.07
Per electrical horsepower hour. ... ... ... ... ...l do.... 3.86 3.79
Dry fuel:
Per indicated horsepower hour e 3.02 2.92
. Per electrical horsepower hour...... ... ... ... ... ..l PR et 3.73 3.60

Remarks.—Test 508 on briquets, equal parts from tests 218 and 219.
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COKING TESTS.

Pennsylvania No. 19 (run of mine).

Test 176. | Test 177.

SiZe A8 USEA .« .ov e eeee e e s r.o.m, f. c.
Duration of t hours.. 36 40
Coal charged. Ol{nds 13, 1(1]8 12, 108
...do.... , 8 8,49
Coke produced. ... ... ... . i i {per cent. . 64, 41 70.17
Breeze produced {Bgll'lflﬁ]‘;'i&:: ' 23(15(5) 23:732
Total yield. .. ... i do..... 67.01 72:95

Remarks.—Test 176: Good heavy coke; light gray with a little silvery deposit of car-
bon. Brittleness probably due to unbroken pieces of slate. Test 177: Good heavy
coke; light gray and silvery. Crushing improves physical properties of coke and

increases yield. Breakage, good large umform-sued pieces. . N

Analy yses.

Test 176. Test 177.

Coal. | Coke.| Coal.| Coke.

MOESEUTE. . ..o .ottt 3.01 0.24 3.57 0.13
Volatile matter 30. 60 L19 [ 29.56 .49
leed carbon. . 57.17 | 88.06 | 59.17 87.45

......... ... 96| 1151 7.70 11.93
Sulphur ............................................................ SO B B 1 ) .95 .98 .83

BRIQUETTING TESTS.

. Pennsylvania No. 19 (run of ' mine).

Tests 218, 219, 242.—Size as used: Over }-inch, 3 per cent; fy-inch to }-inch, 8.8
per cent; n-lnch to v5-inch, 17 per cent; w-lnch to o%5-inch, 26.3 per cent; through
Fo-inch, 47.6 per cent. ‘

Briquets with 6, 7, and 8 per cent hinder appeared equally satisfactory. Edges
were sharp, surfaces hard and smooth, fracture clear with firm edges. Renfrow bri-
quets had a glossy surface. All briquets handled and piled well. TFor analyses of
briquets see page 214 (those from tests 218 and 219 under ‘‘ Steaming test 508’).

Test Test Test
, 218. 219. 242.
Details of manufacture: .
Mauhme LT ez Eng. Eng. Renf.
mperature of briquets. ... ... .. ... ... °F.. 185 185 149
Bm er—
Kind. ... e w.g.p.| w.g.p. w. g. p.
Laboratory No. (See P. 40) .« o vvrnrierae i ceeceeieeeaaeeeannns 4683 4683 4806
AMOUN . oo ettt i per cent. . 6 7 8
Weight of—
uel briquetted. ... ...l pounds. . 8,000 4,000 4,000
Brigquets, AVEIAEe. .. oueiee et ia e e e do.... 3.65 3.74 0.431
Heat value per pound—
Fuel as received............... eerrieeeeeeeeeeeac Botiul | 13,699 13,699 13,699
Fuel as fired e 13 540 13 540 13,646
Binder.......ooooiiiiiiiii e 16 637 16 637 16,864
Dro%tesr. (1-inch screen): >
....................................................... .. 73.8 78.5 L18.5
Passed. ... i do.... 26.2 21.5 21.5
Tumbler test (1-inch screen):
...................... 75.6 78.8 91.5
Passed (fines 24.4 21.2 8.5
Fines through 10-mesh sieve 70.0 65.0 90.09
Water absorption:
B F- 2 Y
Inl0days............
Average or first 8 days..
Specific gravity (apparent)
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Extraction analyses.

4 Briquets.
Pitches. Fuel T e
: Tests

218, 219. Test 242,

Laboratory No.-.............. ... - 4683 4806 | - 4681 4648 4828

Air-drying loss... .l ...t per cent ........... e 1.00 4.00 0.50
Extracte: X CSy: .

’ Air-dried.. ... ...l do....loeo il .75 6.04 9.75

As received —.do.i.. 89 31 96.90 .74 5.80 9.16

Pitch in briquets, as received L O 5.71 8.21

. PENNSYLVANIA NO. 20.

Bituminous coal from the Lower Kittanning or B bed, 13}
miles east of Seward, Westmoreland County, on the Pennsylvania
Railroad, was designated Pennsylvania No. 20. This coal, as
worked from the outcrop at this place, averages 3 feet 7 inches in
thickness.

One sample, shipped under the supervision of John W. Groves, con-
sisted of run-of-mine coal, and was used in steaming tests (on briquets)
512 and 514; washing test 194; coking tests 179 and 182; and briquet-
ting tests. 19815 208, 209, 212, 2131, 215, and 216.

Two mine samples were taken for chemical analysis. Sample
4349 was taken 1,850 feet south of the opening, where the coal
measured 3 feet 9 inches in thickness. Sample 4350 was taken 1,050
feet southwest of the opening, where the coal measured 3 feet 5 lnches
in thickness.

CHEMICAL ANALYSES.

Pennsylvania No. 20.

Steaming Briquetting
. Car tests, o tests, b
Mine samples, | sam-
©| Ple | so0 | 614, | 108f. | 213t
Laboratory No........... eeeena.d| 4349 4350 4517 4726 4713 4769 4885
Air-drying loss....... ... 230 214 U PO IS R P,
Proximate:

Moisture............... 2. 80 2. 48 4.00 3.50 2.79 6.16 1.23

Volatile matter........ B 17.92 | 17.87 | 1589 19.98 | 21.11 | 19.23 20. 58

Fixed carbon......... . 71.32 | 70.41 | 69.57 | 67.71| 67.79 | 64.38 67.74

Ash. ...l - 7.96 9.24 [ 10.54 881 8.31 10. 23 10. 45

Sulphur.......ooooi 2.29 3.03 2.85 1.59 1.91 2. 68 2.98
Ultimate: .

Hydrogen. .. .ooooooiiiimiiininanneaeedoca o iiiaan 4.39 4,42 4,20 4.56

Carbon. .. .ooie il 81.06 | 80.25| 7812 79.21

Nitrogen S .. 106 109 1.09 112

Oxygen 2.72 3.73 2.83 151

sh.... 9.13 8551 10.90 10. 58

Sulphur . L64 1. 96 2. 86 3.02

Calorific value determined (as re- fcalorie 7,679 ( 7,415 | e e

COIVEA) +eesemernaerenenacnrnnans BotoU.. foceeunns 13,822 | 13,347 | R R R

@ Proximate zmalysns of fuel as fired; ultlmate analysis of dry fuel ﬁgured from car sample.
b Proximate analysis of fuel as recelved ultimate analysis on dry basis.
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STEAMING TESTS. ‘ .
Pennsylvania No. 20 (briquets).

Test 512
w.). Test 514,
Durationof test............... e hours.. 7.77 7.9
Heating valueof fuel ... ... ... . ... ... ... ........ B. t. u. per pound of dry fuel.. 14,495 14,382
Force of draft: : :
Under stack damper..... ettt eianaan e inch water.. 0.93 0.93
Abovefire..... ..ol ....do.... .19 L2
Dry fuel used per square foot of grate surface per hour..... 19.93 27.52
Equivalent water evaporated .per square foot of water-heat| :
POUNAS. - ettt ettt ettt ettt e e e et e e e e et ae e taae e 3.84 4 47
Percentage of rated horsepower of hoiler developed...................o..ooii.et 107.7 125.3
Water apparently evaporated per pound’ of fuel as fired................. pounds.. 7.70 6. 54
Water evaporated from and at 212 °F,:
Per pound of fuel as fired. ... ... .o do.... 9.32 7.91
Per pound of dry fuel...... ... ..ol do.... 9. 65 814
Per pound of combustible. . ...coooiiiiiii i do.... 10. 76 9. 06
IE“)fﬂ(l;ienc of boiler, includinggrate. ... ... ... . ...l per cent. . 64.29 54. 66
uel as Ee
Per indicated horsepower hour.................. ...l pounds.. 3.03 3.58
Per electrical horsepower hour. .. ... . ..., do.... 3.75 4.41
Dry fuel:
Per indicated horsepower hour........... ... . ...l do.... 2.93 347
Per electrical horsepower hour........... 0. ..ol do.... 362 - 42

Remarks.—Test 512 on briquets from tests 215 and 216 (equal weights); briquets
burned freely, with intense heat and no smoke; 31 per cent clinker. Test 514 on
briquets from tests 208 and 209 (equal weights); briquets burned freely, with intense

_heat and no smoke; 50 per cent clinker.

WASHING TESTS. .
. Pennsylvania No. 20.

Test 194—Duration of test, 2} hours. Size as used, through l-inch screen. Jig
used, special; speed, 70 r. p. m.; stroke, 24 inches. Raw coal, 22.21 tons; washed
coal, 17.25 tons, 78 per cent; refuse, 4.96 tons, 22 per cent.

Analyses.
. Ash, | Sulphur.
Sample tested. I](fgj' lgfri:.' Per Pe{i cent | po. |Por cent
cent. reduc- cent. reduc-
tion tion.
Rawcoal, carsample.................... 4517 ) . 4.00 10.54 |.......... ! 2.85 ...
Washed coal, test 194. . 4553 | 6. 48 6.76 36 { 1.30 54
Refuse....covivrmiiiiiiiiiiiiie it 10.21 46.25 |.......... | 17.40 |..........
Float and sink tests.
f
Perc‘elgz%.ge ° Analyses.
Specific -
. Size | gravity Sink Ash. Sulphur.
Number of test. used | of solu- To (per
(inch).| tion To total | cent). Per Per
used. | refuse.| sam- Per cent Per cent
ple. cent. | reduec- | cent. | reduc-
tion. tion.

On rla.w coal (preliminary):

0.93 67
1.24 57
1.02 64
1.09 62
1.69 |........
1.69 |........
2.15 ........
2.08........

o Figures indicate that finer crushing is advantageous. Loss of ‘good coal”’ in the refuse will not
exceledd2 pe]i cent. By ‘““‘good coal” is meant all coal of a quality equal to.or better than that of the
washed coal. .
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.COXING TESTS.

Pennsylvania No. 20 (run of mine).

Test 179 | Test 182
(raw): (w.).
Size 88 USEA . . ..o a et caaaeaan f.c. 'f. [
Duration of test.. 68 78
Coal charged.......... .. .. lg, Ogg l-;, gﬁo
.. , 1 50
Coke produced ................. L SRR {per cent. . 62.90 6. 50
Breeze produced Bovoenss|  ao| 43
Total yield. ... ... do.... 65. 41 67.00

Remarks.—Test 179: Light-gray and silvery color; soft, dense coke; high ash and
sulphur. Test 182: Gray color; soft, dense coke; ash and sulphur reduced by wash-
ing; no improvement in physical appearance.

" Analyses.
Test 179. Test 182.
Coal. | Coke. | Coal. | Coke.
Moisture........oooooiiiiiiiiii, et e e eeeeeeeaaeaann 3.91 0.30 6.30 0.51
Volatilematter. ... ... . i 16.35 .28 1 17.04 .58
Fixed carbon. .. ...| 68.30 | 84.95| 69.58 | 89.85
Ash........... .. 11.44 | 14.47 7.08 9.06-
Sulphur.......... e e e e e, 2.78 2.31 1.34 | . 1.11

BRIQUETTING TESTS.

Pennsylvania No. 20 (run of mine).

Tests 198, 208, and 209.—Size as used: Over % inch, 0.8 per cent; Tginch to % inch,
3.6 per cent, o5 inch to {4 inch, 11.2 per cent; 44 inch to 5% inch, 27.0 per cent;
through #y inch, 57.4 per cent. Briquets from both machines had similar appear-
ance, with smooth, hard surface; were very brittle, and broke with a glossy fracture
and sharp edges. The percentage of binder seemed to have little effect on brittleness,
‘although Renfrow briquets, with 8 per cent binder, handled with less breakage.

Tests 212, 213%, 215, and 216 (on washed coal). —Siye as used: Over } inch, 0.8 per
cent; {4 inch to } 1nch 4.8 per cent, 25 inch to £ inch, 16.0 per cent; & inch
to 4 inch, 26.0 per cent; through 7, inth, 52,4 per cent. There was no notice-
able difference between these briquets and those made from raw coal.

For analyses of briquetssee page 216 (those from tests 208 and 209 under ““Steaming
test 514; from tests 212, 215, and 216 under ““Steaming test 512’).

Test | Test | Test | Test | Test | Test | Test
. 198t. | 208. | 209. | 212. | 213f. | 215. | 216.
Details of manufacture:
Machineused....c..o.ooviiiiiiiiiii. Eng. | Renf. | Renf. | Renf. | Renf. | Eng. | Eng.
Temperature of briquets...... et 158 158 158 158 158 176 176
Binder— * .
Kind...ooooooiiiiiiiiiiiiiiiiiiin, W.g.D.|W.2D.| Wg D | W.gD|W.EP.|W.gD.|Ww.gp.
Laboratory No. (see p. 40)........... 4683 4683 4683 4683 4683 4683 4683
Amount............o...... per cent. . [ 7 8 7 8| 6 7
Weight of—
Fuel briquetted............ pounds..| 3,200 ( 4,500 | 8,000 | 6,500 | 6,500 ( 6,400 3,300
Briquets, average............. do....| 3.52( 0.451 | 0.457 | 0.427 | 0.458 3.63 3.44
Heat value per pound— .
Fuel as received.............. .B.t.u.. 13,347 | 13,347 | 13,347 | 14,639 | 14,639 | 14,639 | 14,639
Fuel as fired.. .. ...do....] 13,198 | 13,981 | 13,981 |........ 13,806 | 13,988 | 13,988
Binder..............o.oiolll do....| 16,637 | 16,637 16 637 | 16,637 | 16,637 | 16,637 | 16,637
Drop test (l-lnch screen)
Held....ooioviiuviiii s per cent. . 74.8 19.5 26.0 23.0 19.5 74.6 7.9

Passed ............................ do....! 252 8.5 74.0 70! 8.5 254 28.1
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BRIQUETTING TESTS—Continued.

, Pennsylva.hia, No. 20 (run of mine).

Test | Test | Test | Test | Test | Test | Test
198¢t. 208. 209. 212, 213t. 215. 216.

Tumbler test (1-inch screen):
Held

............................ per cent 7.0 54.0 61. 5 67.0 64.0 74.0 70.5

Passed (fines)............. .dooll 2900 46,0 38.5 33.0 36.0 26.0 29.5

Fines through 10-mesh sieve...... do....| 654 86.8| 8.4 91.6 87.3 63.2 70.4
Water absorption:

Ini3days. ..ol 1551 15.0 19.0) 145 9.5 1.0

Average for first 5 days. { 2.78 2. 66 3.1 2. 50 1. 56 1.56

Specific gravity (apparent) LI11| L3127 | 1.043 1 144 | 1.148 1.121

Ezxtraction analyses. .

Briquets.

Piteh. | Fuel. Test Tests Test Tests
198, | 208,209. | 213f. | 215, 216,

Laboratory No.. .........oiiiiiniionann 4683 4498 - 4769 4713 4885 4126
A\r-drym Ioss ................. pereent. .| . ....... 3.10 5.50 2.00 0.60 3.10
Extmcte 3’ C8,:
Airdried........oooeiiiiats do...fevueian... 1.02 5. 60 6. 86 8.03 6.90
Asreceived............... ...do.... 89.31 .99 5.29 6.72 7.98 6. 61
Pitch in briguets as received [ (s T PO P, © o 5.00 6. 49 7.92 8.37

PENNSYLVANIA NO. 21.

Bituminous coal from the Pittsburg bed, 2 miles southwest of Con-
nellsville, Fayette County, on the Pennsylvania Railroad, was desig-
nated Pennsylvania No. 21.- The coal, as worked at a depth of 315
feet at this place, averages 7 feet 63 mches in thickness.

One sample, shlpped under the superv131on of A. K. Adams, con-
sisted of run-of-mine coal, and was used in coking tests 183, 187,-189,
191, and 192, and cupola test 190. .
~ Two mine samples were taken for chemical analysis. Sample 4411
was taken 6,500 feet northwest of the opening, where the coal meas-
ured 7 feet 53 inches in thickness. Sample 4412 was taken 9,000 feet
northwest of the opening, where the coal measured 7 feet 8 mches in

thickness. .
CHEMICAL ANALYSES., .

Pennsylvania No. 21.

‘| Mine samples. snsgle. | Mine samples. saglsgle.
Laboratory No........... 4412 4411 4609 || Ultimate:
Air-drying loss........... 1.80 140 4.20 Hydrogen. 4.91
- Proximate: Carbon.. 73.13
Moisture....... .. 2.8 2.40 5.13 Nitrogen 1. 50
}fola,(tl;ile n]mtter. . 2. gz 2893 g% Cal O}ﬁ genl .| 10.89
1xe carbon 59, 60. 4 58. alorific value .

.................. 737 7.22| 871 determmed}cal‘t’“lfs" 1; Tl 253

Sulphur .............. 1.22 .9 .86 (as received) s A TER e ’
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COKING TESTS.

Pennsylvania No. 21 (run of mine).

Test 183. | Test 187. | Test 189. | Test 191. | Test 192.-

Size A8 USe ... ... ettt et Not f.e.| 'Not |Through|Through
. | erushed. crushed. | 1-inch $-inch
- | screen. | screen.
Durationof test................. ...l .. 70 78 51 47 43
Coal charged.......... lg, %33 13, ggg lg, 450 11, ggg 11, 500
. 10, 57| 7 7,733
Coke produced. ... .31 6@3% 67.03 |  66.60 |  67.24
. 1 319 368 339
Breeze Produoed ......................... : 2,65 2.97 2.56 3.08 2.05
Total yield. ... ... ..o oo, do.... 70.02 71.78 78.49 69.77 70.19
Remarks.—Light gray and silvery; good heavy coke. :
. Analyses.
Test 183. Test 187. Test 189. Test 101. Test 192,

Coal. | Coke. | Coal. | Coke. | Coal. | Coke. | Coal. | Coke. | Coal. | Coke.

Moisture...........| 537 0.71 5.53 0.63 4.05 0.82 4.28 0.33 3.58 0.29
Volatile matter....| 28.33 L1210 27.97 .66 | 29.26 .21 29.92 .15 | 28.86 .69
Fixéd carbon.......| 59.07 | 88.24 | 57.81 | 87.78 | 58.29 | 83.22 | 58.22 | 88.54| 60.13 88. 54

Ash._ ... ... .. 8231 10.93 8.69{ 10.93 8.40 | " 10.75 7.58 | 10.98 7.43 10.48 .
Sulphur............ .89 .82 .86 .62 .93 .81 .95 .87 .01 .76

Cupola test of coke made from Pennsylvania No. 21 coal.

. . , CHARGE.
Coke.a . Divisions of charge.
Cupols. - .
test Test Specific{ Ratio Materials. . Total.
No. N grav- |ironto 1. 2. 3 4. 5.
- | Tity. | coke. . .
Lbs. | Lbs. | Lbs, | Lbs. | Lbs. | Lbs.
’ JfCoke....o.llll 210 55 55 55 55 430
190 187 1.90 7 KPigiron..... ST 630 405 405 405 405 2,250
SCrap.eececniennn.. 210 | 135 135 ) 135 135 750
e Sulphur in ash, 0.0115 per cent.
RECORD OF MELT.
Blast pressure. Tron Weight of iron. Melting. : Recovered.
T
Cupola .| run- Addi- Rate | Ratio
%]3“ On at— x”"r‘r{' D8 Poured.| tional | Total.| Time. | per [iron tof Loss. | Tron.| Coke.
0. um. - in— melted. hour. | coke.
, Oz. | Min. | Lbs. | Lbs. | Lbs. | Min.| Lbs. Per ct.| Lbs. | Lbs.
190 | 11.00 2. m... 7 6] 1,793 691 | 2,484 2515,962 | 7.31{10.16 ) 211 90
LADLE RECORD. .
1 | Time - Time
Ladle No. Pounds. (a.m.). Lad}e No. Pounds. (a.m.).
61 11.10 52 11.25
132 11.13 72 11.25%
80 11.15 30 11.26
62 11.17 89 11. 263
147 11. 173 132 11.28
55 11.18 64 11.28}%
49 11.20 44 11.
136 11. 203 28 11.20%
73 11.21 100 11.38
52| 1022 23 11.38%
125 11. 224 87 11. 39
11.23 17 11. 39

Remarks.—Test 190: Temperature of iron, medium. Blast off 8 minutes.
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NNSYLVANIA NO. 22.

Bituminous coal from the Pittsburg bed at Huff, Westmoreland
County, on the Pennsylvania Rallroad was designated Pennsylvania
No. 22. ‘ _ :

One sample of this coal, which is worked from the outcrop at this
place, shipped under the supervision of John W. Groves, consisted of
run-of-mine coal and was used in steaming test 510 (on briquets),
producer—gas test 159, and briquetting tests 2111, 222, and 223t
No mine sam ples.covermg this shipment were taken.

CHEMICAL ANALYSES.

. Pennsylvania No. 22.

Car
sample. | 200 | on1y, | 2234,

Steam- Briquetting tests.b

JLaboratory No.... ...l 4498 4704 4684 4706
AIr-Arying loss. . coovii i 2 20 (1 1 R (R R,
Proximate: .

MoIStUTe. . o 3.98 5.
Volal.ilc matter .. 28.13 29.
. 55

0

Sulphur
Ultimate:

Nitrogen
0‘(ng" ................
Ash_ ...l
Sulphur ................. ..
Calorific value determined (as received)............ {?;“%“35':

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
b Proximate analysis of fuel as rccclvcd aultimate analysis on dry basis.

STEAMING TEST. ~

Pennsylvania No. 22 (English briquets).

Test 510.
Duration of $est . ..o et hours.. 9.17
Heating valueof fuel......... . ... ...l B. t. w. per pound dry coal.. 13,900
Force of draft: :
Under stack dampPer... ..ottt c e aaaas .. 0.86
Abovefire.................... do.... .08
In ash pit (forced draft) .. .46
Dry fuel used per square foot of grate surface per hour pounds. Jd 19.63
Equivalent water evaporated per square foot of water-heating surface per hour. .....do.... 3.50
Percentage of rated horsepower of boiler developed ......... .. .. . ... do,... 98.1
Water apparently evaporated per pound of fuelasfired.................ooiiiill, pounds. . 6.99
Water evaporated from and at 2120 F.: .
Per pound of fuel as fired. ... cooooii i N 8.46
Per pound of dry fuel..... . 8.92
. Per pound of combustible - 10.33 -
Efficiency of boiler, including grate 61.97
Fuel as fired:
Per indicated horsepower hour 3.34-
Per electrical horsepower hour. ... ... oo i do.... 4.13
Dry fuel: .
Per indicated horsepower hour ; . 3.17
Per electrical horsepower hour................. ettt aaaeiiieiaa e 3.91

Remarks.—Test made on briquets from tests 222 and 2231 (equal weights); fuel
buraed freely with intense heat and no smoke; 47 per cent clinker.
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PRODUCER-GAS TEST.

Pennsylvama No. 22 (run of mlne)

Test 159.—Duration of test, 50 hours. Average electrical horsepower, 197.7. Aver-
age B. t. u. per cubic foot of gas, 145.6. Total coal fired, 11,700 pounds.

Coal Dry Com-
as fired. | coal. |bustible.
Coal conswmed in producer per horsepower-hour (pounds).
Per electrical horsepower: '
Commercially available. . ... . ... . ... ... 1.23 1.18 1.06
Developed at switchboard............... ... ..o i 118 1.14 1.02
Per brake horsepower:
Commercially available. ... ... .. . ... i, 1.05 |. 1.00 .90
Developed at engine....... ... .o . i 1.01 .97 .86
Equivalent used by producer plant (]10Mzds).
Per electrical horsepower: . ’ :
Commercially available...,........... e et 1.31 1.26 1.12
Developed at switchboard......... P 1.26 1.21 1.08
Per hrake horsepower:
Commercially available........................... e ieeecernieneaaean 111 107 .95
Developed at engine........................... e 1.07 1.03 .92

Analysis of gas by volume. @

Carbon dioxide (COg) .......... o i, teeeetonanen cerenn
Carbon monoxide (CO) .

Hydrogen (Hz
Methane (CH,
Nitrogen (Ng).. X
Ethylene (CzIL) ..................................... e iacicesesseccesaseccvsenns

)

BRIQUETTING TESTS.
Pennsylvania No. 22 (run of mine).

Tests 2111, 222, and 2231.—Size as used: Over } inch, 1.6 per cent; 5 inch to } inch,
17.8 per cent; 4% inch to {4 inch, 33.4 per cent; 4 inch to 4% inch, 23.2 per cent;
— through #; inch, 24 per cent. English briquets with 7 per cent binder showed
better outer surface than those with 6 per cent binder. In all briquets surfaces were
hard, clean, sharp, and glossy, with characteristic fracture. Renfrow briquets dropped

from belt without breakage.
For analyses of briquets see page 221 (those from test 222 under ““Steaming test 510”°).

, o * |mest 2114.| Test 222. |Test 223t.

Details of manufacture:

Machine used. ... ...... oot it Renf. Eng. Eng.
Temperature of briquets._ .. ... .. . .... ...l °F.. 158 185 |, 158
BmKr 3 ' .
1T P w.g.p. [ w.g.p.| w.g.p.
Laboratory No. (scep 40) g46§3 4683 g4683
AINOUNT . .o eee it et aee e 7 7 6
Weight of— .
uel briquetted.......... . ... .. 4,000 19, 000 3,200
Briquets, average ............................ P do.... 0. 442 3.87 3.93 .
Heat value per pound— . ! i
Fuelasreceived... ... . .. ... ... . i .. B.t.u..| 13,311 13,311 13,311
Fuel as fired.. do... 13,561 13,183 13,275
Binder........ 16,637 16, 637 16,637
Dro%test (1-inch screen):
................ .. 54.5 79.8 . 62.2
T« do.... 45.5 20.2 37.8
Tumb]er test (1-inch screen):
.......................................................... 85.0 73.7 67.8
Passed (fines)............ 15.0 26.3 32.2
Fines through 10-mesh sieve 90.8 65.0 70.0
Water absorption:
In 13 dayS.. oo e 11.7 9.6 8.9
Average for first 5 days.... .. . 1:78 1.48 1.38
Specific gravity (apparent) 1.110 1.160 | 1.164

o For analyses of fuel used see p. 221 (sample 4498),
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Ezxtraction analyses.

Briquets.
Pitch. Fuel.

- |Test 211t.| Test 222, (Test 223t.

-Labratory No 4683 4650 4684 4704 4706

Air-drying loss. ... R PR 0.90 1.10 4.00 2.30
Extracted by CSa:

Air-dried. ...l F O P 77 6.85).......... 6.35

Asreceived................. s.do.... 89.31 .76 6.77 5.45 6.20

Pitch in briquets as recewed P 6.78 5.30 6.09

RHODE ISLAND.
RHODE ISLAND NO. 1.

Anthracite graphitic coal fram Cranston, Prov1den(,e County (near
Providence), was designated Rhode Istand No. 1. This sample was
mined from surface workings at Cranston, and commercially would
be classed as run-of-mine coal.” It was shipped under the inspection of
J. S. Burrows, and was used in making steaming test 401; also mixed
with Utah No. 1 in steaming tests (on briquets) 414 and 415, coking
tests 141 and 157 (see p. 263), and briquetting test 127 (see p. 264);
mixed with Utah No. 2 in steaming test 416 (on briquets) and briquet-
ting test 133 (see p. 266) ; mixed with Pennsylvania No. 15 in briquet-
ting test 1847 (see p. 204); and mixed with Pennsylvania No. 18 in
briquetting test 2431 (see pp. 212, 213). ' '

CHEMICAL, ANALYSES.

( . Rhode Island No. 1. .

Steaming tests.b

Car sam-
plea gy, 414, 415, 416.
Laboratory No. 3216 ces
Air-drying loss. 2.00 |...
Proximate:
Moisture. ......oooiiiiiiiiiiiiiiia.. .. 2.41
Volatile matter.................... el 4.92
Fixed carbon.................o...n .. 73.61
Ash.............. .. 19.06
Sulphur .07
Ultimate:. -
Hydrogcn .90
Carbon. . 75.10
Nltrogen .17
Oxygen 4.70
Sulphm .................
Cu.loriﬁc value (as received): .
Determined.....zccceveenenenrnnnnnns ‘,’;“%f‘l‘if’::
Calculated from ultimate analysis. .. %’“l%f’iss':

.

s Sample from producer-gas test 113 (failure) treated as car sample.
b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured Irom car sample.’
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STEAMING TESTS.
Rhode Island No. 1 (briquets).

Test 401.] Test 414.) Test 415.| Test 416.
Duration of test 8.05 5.0 5.0 10.02
Heating value of fuel 11,639 12,845 12,823 12,244
. Force of draft: : ’
Under stack damper . inch water. . 0.54 0.67 0.62 0.58
Abovefire.... ........... do.... .18 .21 .06 .20
Furnace temperature ...............o.iiiiiiiiiii..t °F.. [ 1 2,119 2,053
Dry fuel used per square foot of grate surface per
hour. .l pounds.. 20.22 18.42 19.01 21.51
Equivalent water evaporated per square foot of water-heating .
surface perhour. ... . ... . oo il pounds.. 1.99 2.96 3.25 2.78
Percentage of rated horsepower of hoiler developed........... . 55.8 83.0 91.0 78.0
Water apparently evaporated per pound of fuel as
fired. .. i pounds. . 419 6.75 7.17 4.26
Water evaporated from and at 212 °F.: -
Per pound of fuel as fired........ .do.... 4.81 7.86 8.36 4.95
"Per pound of dry fuel..... .do.... 4.93 8.05 8.55 5.26
Per pound of combustible. . . ...do.... 7.70 9.35 9.75 7.70
Efficiency of boiler, including grate......... erenann per cent.. 40.9% 60. 52 64. 39 41. 49
Fuel as fired: -
Per indicated horsepower hour.................. pounds. . 5.88 3.60 3.38 5.71
D ];er lelectrical horsepower hour..................... do.... 7.26 4.44 418| - 17.05
ry fuel: : ’
yPer indicated horsepower hour................. ... do.... 5.74 3.51 3.31 5.38
Per electrical horsepower hour..................... do.... 7.08 4.34 4.08 6.64

a T'oo low to he read with Wanner optical pyrometer. Forced draft used on this test.

Remarks.—Tests 414,and 415 on briquets made from Rhode Island No. 1 and Utah
No. 1, mixed. (Seep.264.) The briquets burned freely, with short yellow flame; did
not crack open, but coked throughout and held together well. No smoke; burned
very much like anthracite except for color of flame. These comparative tests on
Rhode Island No. 1 coal gave only 55.8 per cent capacity and were unsatisfactory. (See
test 401 above.) Heavy clinker, which was tough and plastic when hot and brittle
when cold, but did not stick to the grate. «

_ Test 416 on briquets from test 133 made from Rhode Island No. 1 and Utah No. 2,
mixed. (See p.266.) With natural draft the briquets burned with a very short flame;
with forced draft they burned with a longer flame, giving a hotter fire. Briquets did
not coke or hold together well in the fire. No smoke; see briquetting test 127 (p. 264)
for comparative data. No clinker; a large amount of ash resulted, due to the crum-

- bling of the briquets and the falling of the loose particles through the grate.

TENNESSEE.
TENNESSEE NO. 1.

Bituminous coal from Fork Ridge, Claiborne County, on the Louis-
ville and Nashville Railroad, was designated Tennessee No. 1. The
coal, as worked at a depth of 52 feet at this place, averages 4 feet 3
inches in thickness.

This sample consisted of run-of-mine coal, was shipped under the
supervision of W. J. Von Borries, and was used in making steaming -
tests 344, 345, and 346; also steaming tests 409 and 411 on briquets
made from washed coal; producer-gas test 115; washing test 171;
coking tests 133 (raw) and 153 (washed ); cupola tests 99, 126, and
128; and briquetting test 130 (washed coal).
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Two mine samples were taken for chemical analysis.

Tennessee No. 1.
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Sample 2907
was taken 4,000 feet northeast of the slope, where the coal measured
4 feet 4 inches in thickness. Sample 2908 was taken 4,400 feet east
of the slope, where the coal measured 4 feet 3 inches in thickness.

CHEMICAL ANALYSES.

Car Steaming tests.b
Mine samples. | sam- -
ple.a 344. 345. 346. 409. 411.

Laboratory No.........oooeaieeaa... ©2907 2908 3016 f..ooi e
Air-drying loss...................... . L8 18| 3.00|........... D Y R
Proximate:

Moisture.........o.ocoiiiii.... 3.71 3.66 4.81 4.81 4.06 4.20 2.62 1.99

Volatile matter. 35. 61 34.58 | 32.91 | 32.91 33.80.| 31.756) 37.09 30. 56

Fixed carbon. . 55.94 | 54.93 | 51.13 | 51.13 | 50.97 | 50.02 | 54.32 54.14

Ash......... 4.74 6.8 | 1L.15| 11.15( 11.17 [ 14.03 5.97 7.30
B Sulphur......o..ooooiiLl 1.28 .99 1.58 1.58 1.67 1.45 1.17 112
Ultimate:

Hydrogen.......................

Carbon..

Nitrogen

Oxygen

sh.

Sulphur .
Calorific valu : i

Determined........... %n:l(:mgs.. 5

Calculated from ulti-fealories. .

mate analysis.._.... B.t.u...

= Sample from stezum‘nf test 344 treated as car sample.’

b Proximate analysis o

STEAMING TESTS.

Tennessee No. 1 (run of mine).

fuel as fired; ultimate analysis of dry fuel figured from car sainple.

Test 344. | Test 345. [ Test 346. | Test 409. [ Test 411,
Size as used:
Over3dinches............coooiiiiae. 38.2 40.8 [..oenn..nn
gver % incﬂes. P o
verlinch..................oil 24.5 17.1 0% o
g tneh to Ligh 001 2.0 7] 191 Seep.228| Seop.228
inchtoginch.... . ..._.......... 8.8 9.8
Under}inch............oooiiian. 13.8 13.2
Durationoftest. ... ... hours.. 10.0 7.28 10.08 4.48
Eeating value of fuel... B.t.u.per pound dry fuel..} 13,207 13,207 12 14,092 13,900
Force of draft:
Under stack damper ..inch water.. 0. 55 0.80 0. 65 0. 62
_ Above fire [P do.... .15 .18 13 .10
Furnace temperature............li °F.. 2,499 2,458 2, 2,468 2,775
Dry fuel used per square foot of grate surface per
hour. ... pounds. . 20. 81 22.76 22.22 20.02 23.97
Equivalent water evaporated per square foot of
water-heating surface per hour......... pounds. . 3.7 3.98 . 3.93 4.80
Percentage of rated horsepower of boiler dcveloFed. 103.7 111.7 109.5 110.3 134.7
Water apparently evaporated per pound of fuel as
fired.. ...l e pounds. . 7.05 7.00 8.23 8.44
Water evaporated from.and at 212° F:
Per pound of fuel as fired............. pounds. . 8.47 8. 42 8.43 9.59 0.83
Per pound of dry fuel.................... do.... 8.90 8.77 8.80 9.84 10.03
Per pound of combustible....... R do.... 10.31 10.23 10. 53 10. 58 10.93
Efficiency of hoiler, including grate....... percent. . 65. 08 64. 13 66. 53 67. 43 69. 68
Fuel as fired:
Per indicated horsepower hour....... pounds. . 3.34 3.36 3.35 2.95 2.88
b I;er lcloctrical horsepower hour........... do.... 4.12 4.15 4.14. 3.64 3.55
ry fuel: .
Per indicated horsepower hour.......... do.... 3.18 3.22 3.21 2.87 2.82
Per electrical horsepower hour........... do.... 3.92 3.94 3.97 3.55 0 3.48

Remarks.—Tests 409 and 411 on English briquets broken in two, which burned

with a long flame and gave a very hot fire," with little smoke.

They cracked open to

a depth of about 1} inches, but coked and held together until entirely consumed.

No clinker; fine brown ash.
19698—Bull. No. 332—08——15
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PRODUCER-GAS TEST.

Tennessee No. 1 (run of mine).

Test 115.—Duration of test, 50 hours. Average electrical horsepower, 169. Aver- -

age B. t. w. per cubic foot of gas, 154.5. Total coal fired, 12,300 pounds.

Coal a8 | Combus-
fired. |Pryeoal| “iiple,

Coal conswmed in producer per horsepower hour (pounds).

Per electrical horsepower developed at switchboard - 1.46 1.42 1.24
Per brake horsepower developed at engine....... ... ... . ... ... ... 1.24 1.20 1.05
Equivalent used by producer plant (pounds).

Per electrical horsepower developed at switchboard..................... 1.56 | - 1.51 1.32
Per brake horsepower developed at engine..............o...... ..., X 1.32 1.29 1.12
Analyses.

Coal. = Gas by volume.
Moisture.......ooooiiii i 2.72 | Carbon dioxide (COy)..... e 10.0
Volatile matter .. Carbon monoxide (CO) .. 19.6
Fixed carbon.............. .. 83, Hydrogen (Ho)........co..ooo. 15.3

h .- Methane (CHy)...o...ooe.... 2.1
Nitrogen (Hg) .. ............. 52.2

Ethylene (CaHa) e - mvvneeeennsssinnnnns -

WASHING AND COKING TESTS.
Tennessee No. 1 (run of mine).

Washing test 171.—Size as used, crushed to 2 inches, jig used, Stewart. Raw coal,
21,600 pounds; washed coal, 18,600 pounds; refuse, 3,000 pounds.

Coking lests.

'I;g;t Test
(faw). | 183 (W.).
Sizeasused...........o.o.... eeas s S fc fec.
Duration of test.. . . 49 43
Coal charged. ... ...oooit i poL(linds. . 1?’, ggg 1%,%2){7)8

. . ...do.... i
- Cokeproduced. ... ..o FEREERPETS per c(:,int. i 6:1343{; 61.00
ounds . . 273
Breeze PrOAUCEA. . .. ... eeruenmmenerimnaemineeen e ee e e eaeannaes {ger praily 2% o
Total yleld. ... o e do.... 67.22 63.38

Remarks.—Test 133: Light gray and silvery; strong, hard, heavy coke. Test 153: )

Light gray and silvery; good, strong, heavy coke; washing reduces ash and sulphur.

Analyses.

Washing test 171. | Coking test 133. Coking test 153.

g’ﬂf a V‘;B(;ilfd Coal.. Coke. Coal. Coke.

Moisture.......... e e 4.8 5.28 3.71 0.37 4.86 0.93
Volatile matter. . . 32.01 |.......... 32.81 .73 35.06 77
Fixed carbon... SL13H.......... 51.69 83.00 54.72 89.61
Ash......... . 11.15 5.33 11.79 15.90 5.36 8.69
SUPhUL. . e 1.58 1.32 1.58 1.35 1.17 .93

e Sample taken from steaming test 344.
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Cupola tests of coke made from Tennessee No. 1 coal (washed).
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CHARGE.
Coke. Divisions of charge.
Fluid- R
Cupola Ratio| it
" . Y o m
%\?zt Test Spfgl&c Phos- | iron | strip Materials. X . s . ; Total.
* | No. | 88 iphorus to | full ’ . v
Y- coke.
Perct. Per ct. Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
' Coke...... 180 60 60 60 60 430
126} 133 | 1.96 | 0.0238 7| 97.22 {Pigiron. 570 420 420 420 420 | 2,25
: " |IScrap..... 190 140 140 140 140 750
Coke...... 200 57 57 58 58 430
99 153 1.87 | .0253 71 92.00 K Pigiron . 412 412 413 413 | 2,250
, Scrap..... 200 137 137 138 138 750
Coke......| 200 58 58 57 57 430
128 153 1.87 | .0253 71 99.9 {Pig iron . 600 413 413 412 412 | 2,250
Scrap..... 200 1381 138 137 137 750
RECORD OF MELT.
Blast pressure. - ) Weight of iron. Melting. Recovered.
s Iron
Cupola Tun- -
test Max-| ning |- Addi- Rate | Ratioj .
No. Onat— ool in U8 Poured.| tional | Total.| Time.| per liron to| Loss. | Iron.|Coke.
: melted. Jour. | coke.
0z, | Min. | Lbs. Lbs. | Lbs. | Min. | Lbs. Perct.| Lbs. | Lbs.
126 9.58 a.. m, 7 101 1,240 244 | 1,484 332,608 4.67( 5.80 1,342 112
99 8.47 a. m. 7 7| 1,443 563 | 2,006 343,540 | 6.19 ] 11.60 | 646 106
128 3.11p.m, 7 5| 1,833 210 | 2,043 343,605 6.571 6.26] 709 119
LADLE RECORD.
. Test 126. Test 99., Test 128.
Ladle No. : i ¢ :
Time > Time 5 Time
Pounds. (8. m.). Pounds. (8. m.). Pounds. (0. m).
10.13 66 9. 05
59 9.06
68 9.09
61 9.10
02 9.11
51 ‘0.12
51 9.13
61 9.14
43 9.15
58 9.16
52 9.164
42 0.17
88 *9.18
. 50 9.19
45 . 9.20
73 9.21
43 9.22
60 9.23
62 9.24
35 '9.25
111 9.26
63 9.27 |.
39 9.274|.
100 9.28 |.

Remarks.—Test 99: Tron very hot. Test 128: Blast off 1 minute.
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BRIQUETTING TEST.
Tennessee No. 1' (ruﬂ of miné).

Test 180.—Size as used: Over } inch, 2.5 per cent; Y inch to  inch, 7.7 per cent;
o inch to & inch, 17.8 per cent; #; inch to 55 inch, 24.1 per cent; through 7 inch,
47.9 per cent. ' Kind of binder, water-gas pitch (lab. No. 3410, p. 40). Weight of
fuel briquetted, 18,600 pounds. B.t.u. per pound of coal as received, 12,569; per
pound of briquets as fired, 13,723; per pound of binder, 16,478. Weathering test:
Days exposed, 201; (,ondltlon, B. TFor analyses of briquets see pag(, 225 (steaming
tests 409 and 411).

English briquets with 5and 6 per cent binder made at 179.6°F., average weight, 3.28
pounds, were good and firm; edges and surfaces harder with 6 per cent than with 5
per cent binder. Fractures of both were sharp and clear. In the drop test with 5
per cent binder the l-inch screen held 84.4 per cent and passed 15.6 per cent.

Renfrow briquets made at 149° F., average weight 0.5 pound, with 6 and 65 per
cent binder, showed dull fracture; edges broke easily, surfaces too soft. Those made
with 7 per cent binder were satisfactory; fracture clear; edges sharp; briquets broke
without crumbling.

Ezxtraction analyses.

" Briquets
Pitch. qul. test 130,
Laboratory NO . . .o 3410 |....... S PO
Audryxf]oss“...,......_....4........”....;,....: ......... percent..|.......... 3.50 1.00
ixtracted by CS:: .
Adrdried. ... ..o il do....feeoas.... 2.23 4.59
Asreceived.... ...l do.... 79.98 2.15 - 4.54
Pitch in briquets as received..................... et o L ] PP 3.07

TENNESSEE NO. 2.

Bituminous coal from a mine located 24 miles northeast of Gatliff,
‘Campbell County, on the Louisville and Nashville Railroad, was
designated Tennessee No. 2. The coal, as worked from the outcrop
at this place, averages 3 feet 6 inches in thickness.

This sample, consisting of run-of-mine coal loaded under the super-
vision of John W. Groves, was used in making steaming tests 367,
368, and 369; producer-gas test 107; coking test 127, and cupola
tests 100 and 140.

Two mine samples were taken for chemical analyses. Sample 2931
was taken 687 feet northeast of the opening, where the coal meas-
ured 3 feet 8 inches in thickness. Sample 2932 was taken 675 feet
south of the opening, where the coal measured 3 feet 7 inches in
thickness:
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CHEMICAL ANALYSES.

Tennessee No. 2.
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Steaming tests.b

X Car sam- -
Mine samples.
plese | ag7, 308. 369.
Laboratory No........... . 2931 2932 3129 e
Air-dryingloss.... ...l 1.50 1.20 20/ N P
Proximate: *
Moisture.. ..o il 3.61 3.19 5.09 4,68 5.09 5.17
Volatile matter...... . 37.29 38.08 35.79 36.00 35.79 35.55
. Fixed carbon........... .. 55.69 56.35 52.31 53.39 52.31 52.85
Asho..o... .. 3.41 2.38 6.81 5.93 6.81 6. 43
Sulphur. .o .83 .88 .98 .98 .98 .95
Ultimate:
Hydrogen 5.13 5.08 5.10
Carbon..... 78.28 71.48 77.84
Nitrogen.. 1.87 1.84 1.86
Oxygen... 7.47 7.39 7.42
Ash_...... 6 22 7.18 6.78
Sulphur.............. 1.03 1.03 1.00
Ca,lorxﬁc value (a8 received): .
Determined................ {']“;I%“g‘?: : lgi %g
Calculated from ultimate fcalories.. 7,325
analysis.................. t.ou... 13 185

« Sample from steaming test 368 treated as car sample.

b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample

STEAMING TESTS.

Tennessee No. 2 (run of mine).

Size as used:
OVer 1ineh. ..o e e per cent..
%inch tolinch.. .
4inch to % mch. .
Under * inch..
Duration of test........
Heating value of coal.......... e B. t. u. per pound dry coal. .
Foree of draft: :
Under stack damper
Above fire............ .
Furnace temperature. . ... . ...oooouoiii ittt

Dry coal used per square foot of grate surface per hour........ pounds. .
Equivalent water evaporated per squarc foot of water-heating

surface per hour..... . . L pounds..
Percentage of rated horsepower of boiler developed.
Water apparently evaporated per pound of coal as fir
Water cvaporated from and at 212° F.:
Per pound of coal as fired.......
Per pound of dry coal. ..
Per pound of combustibl

Efficiency of boiler, including grate. ... ............ ... ... per cent..
Coal as fired:
Per indicated horsepowerhour... ... .. ... ... ... pounds..
Per electrical horsepowerhour........ ... .. . .. ........... do....
Dry coal:
I’er indicated horsepowerhour...... .. ...... . .. ... ... ... do....
Per eiectrical horsepowerhour............. e do....

Test 367.¢ Test 368. | Pest 369.
43.2 42.8 49. 4
23.9 .18.4 22.4
13.0 12.2 1.8
19.9 26. 6 16. 4
9.97 9,98 9.97

14,153 14,008 14,069
0.68 0.48 0.33
.19 1 .08
2,788 2,488 2,250
26. 41 19.16 15.24
4,63 3. 65 2.93
129.9 102.3 82.3
7.10 7.63 7.75
8.38 9.06 9,14
8.79 9.54 1 . 9.64
9. 46 10. 52 10. 57
50.98 65.77 66. 17
3.37 3.12 3.09
4.17 3.85 3.82
3.22 2.96 2.93
3.97 3,66 3.62

a Test run for maximum capacity.
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PRODUCER-GAS TEST.

Tennessee No. 2 (run of mine).

Test 107 —Duration of test, 50 hours. Average electrical horsepower, 201.3. Aver-
age B. t. u. per cubic foot of gas, 167.9. Total coal fired, 11,250 pounds.

Coal as : Com-
fired. | PTYc0alpugtiple.

Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower:

Commereially available. . .. o .o e 1.18 1.14 1.08
Developed at switehboard. ... . .. ..o i 112 1.08 1.03

Per brake horsepower: '

Commercially available. . ... ...ooou.iioiie it 1.00 97 .92
Developed at engine. ...l .95 .92 .87
Equivalent used by producer plant (pounds). -

Per electrical horsepower: '
Commercially available. . .......oooi i 1.30 1.26 1.20
Developed at switchboard. ... ... .. i i it 1.24 1.20 1.14

Per brake horsepower:

“Commercially available. .....ooooiiiiii i 1.11 1.07 1.02
Developed at engine. ... ... ..coooi i 1.05 1.02 .96
Analyses.
Coal. . : Gas by volume.
Carbon dioxide (COg) . .oooooioiiiiiiiiana.. 10.9
Carbon monoxide (CO) -............c.cooiin 18.8
Hydrogen (Ho)..... l.............o......... 18.6
Methane (CHy4)oooooueninneniiilioiieniaaa, 2.2
Nitrogen (No) oo.vveonioiinmniiiiieiaaeaann, 49.0
Ethylene (Coll)...ooveninii .5

COKING TEST.

Tennessee No. 2 (run of mine).

Test 127.—Size as used: Raw, finely crushed. Duration of test, 54 hours. Coal
charged, 12,000 pounds. Coke produced,” 7,213 pounds; 60.11 per cent. Breeze
produced, 343 pounds; 2.86 per cent. Total yield, 62.97 per cent. Tine-fingered
coke; wvery brittle and breaks very easily on handling; light gray, with large carbon
deposit.

Analyses.
Coal. | Coke.
7
MOES b - . L. et 3,56 1 13
Volatile matter . .| 36.53
Fixed carbon............ .| 55.32 91. 00
Ash. ...l . 459 7.23
£ 1001 1115 S F .95 .78
Cupola tests of coke made from Tennessee No. 2 coal.
CHARGE.
Coke. a . Divisions of charge.
Cupola Ratio Fg‘t“d' -
test Test Specific| iron to strjir Materials, Total.
No. No. | 8rav- | coke. fuﬂp 1. 2. 3. 4. . 5.

ity.

Lbs. | Lbs. | Ibs. | Lbs. | Lbs.
60 60 60

439
40| 420 420 | 420 2,20
40| 140| 140| 140| 750

100 127 1.81|1to7

140 127 181! 1to7

140 140 140 140 750

& Phosphorus in coke, 0.0094 per cent. -

-
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Cupola tests of coke made from Tennessee No. 2 coal—Continued.

RECORD OF MELT.

Blast pressure. Weight of iron. : . Melting. Recovered.
Iron
Cupola, Tun- - - -
test Max- | nin Addi- Rate | Ratio )
No. On at— ithum.! in. g (Poured.| tional | Total.| Time. per [iron to| Loss. | Iron.| Coke.
um. i~ melted. hour. | coke.
0z. | Min. | Lbs. Lbs. | Lbs. | Min. | Lbs. Per ct.| Lbs. | Lbs.
100 | 1.20 p.m.. 7 71 1,551 556 | 2,107 333,80 (| 579 6.46 | 0699 66
140 { 2.47 p.m.. 7 6| 2,080 | - 270 2,350 34 | 4,147 5.97 5.77 { 477 36
LADLE RECORD.
Test 100. Test 140. "I'est 100. Test 140.
Ladle — N Ladle ; —
No. Pounds. (p“;ﬂe) . Pounds. (pl‘lg{c) . No. Pounds. (;‘i}]&c) . Pounds. (pl T::e) .
52 1.35 28 2.59 51 1.49 107 3.15%
34 1. 35} 110 3.01 61 1.50 61 3.16
64 1.40 44 3.01% 53 1. 503 80 3.18
70 1.40}] 90 3.04 50 1.51 111 3.18%
52 1.41 78 - 3.07 81 1.52 57 3.19
94 1.42 106 3.07% 58 1. 523 79 3.21
79 1.424 102 3.08 46 1.53 108 3.21%
73 1.43 80 3.10 82 1.55 71 - 3.22
80 1. 45% 101 3.10% 49 1. 554 77 3.23
67 |- 1.46 82 3.11 49 1. 56 101 3.23%
60 1. 46} 83 3.13 60 1.59 57 3.24
68 1.48 78 3.134 58 2.00( - 63 3.264
60 1.48% 83 315 || 260 e el 43 3.27

Remarks.—Test 100: Iron very hot and fluid. Test 140: Iron medium.

TENNESSERE NO. 3.

Bituminous coal from Gatliffe, Campbell County, on the Louisville
and Nashville Railroad, was designated Tennessee No. 3. The coal, as
worked at the outcrop at this place, averages 4 feet 6 inches in thick-
ness. ‘

This sample, consisting of run-of-mine coal, shipped under the
supervision of John W. Groves, was used in making steaming tests
349 and 350; producer-gas test 106; coking test 128, and cupola
tests 104 and 139. - ’ :

Two mine samples were taken for chemical analysis. Sample
2929 was taken 500 feet south of the drift mouth, where the coal
measured 5 feet 2 inches in thickness. Sample 2930 was taken 1,050
feet southwest of the drift mouth, where the coal measured 4 feet
53 inches in thickness. ' ’
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CHEMICAL ANALYSES.

Tennessée No. 3.

M; . ; Car Steaming tésts. d
ine samples. (o ¢ o) —————————
Pl e | a0,
Laboratory No. 2929 2930 3040 |.
Air-drying loss. . 1.80 1.90 3.20 |.
+Proximate:
Moisture....... ... ..ol 4.25 4.42 5.38
Volatile matter. 35.31 35.35 34.54
Fixed carbon. .. 56.31 57.53 53.03
Ash........ 4.13 2.70 7.05
Sulphur..........oo .. .93 .80 .99
Ultimate: ’ :
Hydrogen.. 5.50
Carbon.. 72.41
Nltrogcn 1.72
Oxygen. 12.33
Ash. e
Sulphur. ... ..o
Calorific value (u.s Teceive -
Determined. ... ...................... {%&ltorl;es. :
Calculated from ultimate analysis .. {‘;?Ig r:,e 5. ],’5’ g%g o

a Sample from steaming test 349 treated as car sample.

b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car samnple.

STEAMING TESTS.

Tennessee No. 3 (run of mine).

Test 350.

Test 349.

Size as used: .

Over3inches..................... ey per cent. . 67.8 59.1

Overlinch.. . .. ...do.... 19.3 20.0

4 inch to linch. .do. 5.4 9.1

1 inch to % inch. .do 2.7 4.6

Under 4 inch. . 4.8 7.2
Duration of test ... .. . 8.97 10.0
Heating value of coal.. ... ... ..o, B4 . per pound dry coal..| 13,788 13, 689
Foree of draft:

Under stack damper.........oouieiimiiii i eaans inch water.. 0.57 0.80

ADOVe fIre. . e do.... .14 .14
Furnace teImPerature ..........ooiiiiiii it ee e °F..| 2,664 2,562
Dry coal used per square foot of grate surface per hour. . pounds. 21.70 21.63
Equivalent water evaporated per square foot of wa.ter-h er hour,

POUNAS. -« et e it 3.75 4.07
Percentage of rated horsepower of boiler developed 105.0 114.0
Water apparently evaporated per Qound ofcoalasfired................. ) 6.81 7.31
Water evaporated from and at 212! : :

Per pound of coal as fired........ . i 8.18 8.82

Per pound of dry coal..... 8.65 9.43

Per pound of combustible.. .. 9.49 10.35
Efficiency of boiler, including grate.... ... ... ... il 60.58 66.52
Coal as fired:

Per indicated horsepower hour 3.46 3.21

Per electrical horsepower hour..... ... ... .. . iiiiiiii i do....|” 427 3.96
Dry coal: .

Per indicated horsepower hour 3.27 3.00

Per electrical horsepower hour 4.04 3.70

[P N
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"PRODUCER-GAS TEST.

Tennessee No. 3 (run of mine). .

Test 106.—Duration of test, 50 hours. Average electrical horsepower, 201. Aver-
age B. t. u. per cubic foot of gas, 159.7. Total coal fired, 12,950 pounds..

Coal as Com-
fired. | DTY €08l pygtible.
Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower:

Commercially available. ... ... o . i 1.38 1.31 1.22
Developed at switchboard. .........ooooo.ooooo i 1.29 1.23 1.14

Per brake orgﬁpower: 2 .

Commercially available. ... ... ... s L17 L1 1.04
Developed at engine. ... ....o.oiiiiiioiiiiii it 1.10 1.04 .97
Equivalent used by producer plant (pounds).

Per electrical horsepower: .
Commercially available. ... .. ..o i i [ 1.50 1.42 1.32
Developed at switchboard........ ... i 1.40 1.33 1.24

Per brake 1orstff)ower:

Commerelally available............ooooooo 1.27 121 112
Developed at engine. ......oevreeeniii i 1.19 1.13 1.05
Analyses.
Gas by volume.

Moisture. .. ....ooeeeiiiii e ) Carbon dioxide (COg) . ....cooooeiiiiiaiat. 9.8

Volatile matter ) Carbon monoxide (CO)..................... 20.2

Fixed carbon........... 3 Hydrogen (Ha) .. .ooeviviennniniiiiiiaann 16.5

Ash. oo . Methane (CHy). . ..., 2.4

Sulphur. ... .16 | Nitrogen (Ng)......ooviiiiiniiiiiinianeann. 50.7

Ethylene (CgHy)...ooveeeeno e .4

COKING TEST.

_ Tennessee No. 3 (run of mine).

Test 128.—Size as used: Raw, finely crushed. Duration of test, 42 hours. Coal
charged, 11,280 pounds. Coke produced, 7,136 pounds; 63.26 per cent. Breeze pro-
duced, 394 pounds; 3.49 per cent. Total yield, 66.75 per cent. Fingered coke; light
gray, with large deposit of carbon.

Analyses.
‘ Coal. | Coke.
Moisture.......... S . 0.67
Volatile matter . .81
Fixed carbon............. . 87.44
Ash.o....ooooiiill i 11.08
110 153 (100 P S 88
Cupola tests of coke made from Tennessee No. 8 coal.
CHARGE.
Coke.a ) Divisions of charge.

Cupola F %g'd' - g

test | peer |Specific] Ratio | VY | Materials. Total.
No..| wo' | grav- |ironto| $HP ) 1. 2. 3. 4. 5.
: ity. | coke. :
Per ct. Lbs. | Lbs. | Lbs. Lbs. | Lbs. | Lbs.

Coke 190 60 60 60 60 430
104 128 | 1.87 7| 95.83 {Pi 570 420, 420 420 420 | 2,250
190 140 140 140 140 750
190 60 60 60 60 430
139 128 1.87 71 97.81 570 420 420 420 420 | 2,250
. [Serap....... 190 140 140 140 140 750

@ Phogphorus in coke, 0.0125 per cent.
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Cupala tests of coke made from Tennessee No. 3 coal—Continued.

RECORD.OF MELT.

Blast pressure. I ‘Weight of iron. Melting. Recovered.
Cupola ot
test : Maxi-| nin Addi- Rate | Ratio
No. Onat— ! in I8 |Poured.| tional | Total.| Time.| per liron to| Loss. | Iron.| Coke.
: . melted. hour. | coke.
Oz. | Min. | Lbs. | Lbs. | Lbs. | Min. | Lbs. Perct.| Lbs. | Lbs.
104 | 9.08a.m...} -7} 8| 1,477 429 | 1,900 353,267 | 551 | 7.93| 856 84
139 | 10.43a.m... 63 9| 1,913 239 | 2,152 324,035 | 555| 6.60| 650 | . 50
LADLE RECORD.
. Test 104. Test 139. Test 104. © Test 139.
Ladle No. [ B Ladle No. : :
o Time > Time g > Time > Time
Pounds. (a.m.). Pounds. (&.m.). . Pounds. (&.m.). Pounds. (a.m.).
50 9.21 93 10. 56 36 9. 40 76 11.17
64 9.213 93 10. 59 101 9. 403 115 11.17%
62 9.22 100 10. 593 39 9.41
77 9.24 81 11.02 42 9. 42
82 9.25 62 11.02% 7 9. 42}
20 9.25} 89 11.06 41 19.43
57 9.31 81 11.06% 38 9, 44
68 9. 313 101 11.07 74 9. 4431,
64 9.32 87 11.09 24 9.45
61 9. 36 117 11. 09% 29 9. 48
50 9. 364 108 11.10 63 9. 4841,
42 9.37 85 11.13 27 9.49 |.
84 9.38 | . 122 11,134 62 9.51
43 9. 384 101 1114

" Remarks.—Test 104: Tron hot and fluid. Test 139: Iron hot.

TENNESSEE NO. 4.

Bituminous coal from a mine located 3 miles north of Oliver
Springs, Roane County, on the Louisville and Nashville Railroad,
was designated Tennessee No. 4. The coal, as worked at the outcrop
at this place, averages 4 feet 8 inches in thickness. -

This sample, consisting of run-of-mine coal, loaded under the super-
vision of John W. Groves, was used in making steaming tests 355,
356, and (on briquets) 405; producer-gas test 111; coking tests 125
and 129; cupola tests 102, 105, and 138; and briquetting tests 120 and
(mixed with miscellaneous No. 5, p. 292) 150 and 151.

Two mine samples were taken for chemical analysis. Sample

' 2956 was taken 1,300 feet northeast of the drift mouth, where the coal

measured 4 feet 53 inches in thickness. Sample 2957 was taken

2,000 feet south of the drift mouth, where the coal measured 5 feet
~ 2 inches in thickness.
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CHEMICAL ANALYSES.

Tennessee No. 4.

Briquetting

Car Steaming tests.b tests.c

Mine samples. | sam-
ple | 355 | s, | 405 | 150. | 150

Laboratory No............. N 2956 | 2057 | 3058 ...l 3380 3367

Air-drying loss.._................... 1.90 1.70 () P s

Proximate: . ’
Moisture................ol 3.25| 3.12| 6.39] 6.39 572 | 2.8 2.55 2.71

35.63 | 35.156 7 32.32 | 32.32| 31.78| 3578 31.01 29. 56
54.51 | 56.52 | 51.76 | 51.76 | 5191 | 53.84 | 57.42 8. 41
6. 61 6.21 9.53 9.53 | 10.59 7.50 8.12 9,32

Volatile matter
Fixed carbon
Ash....

Sulphur.. .85 .86 .98 .98 .92 .91 .92 .93
Ultimate:

Hydrogen..........ccoevveeee... 5.41 5.02 4.96 4.73 4.34 4.15

Carbon..... .. 70,16 | 7495 74.13 ) 77.93 | 78.53 78.40 .

Nitrogen. LLE6 1,67 1.64 1179 171 1.C7

Oxygen. 12.36 7.13 7.06 6. 89 6.15 5. 60

AsSh. .o 10,18 | 1L.23 7.72 8.33 9.58

Sulphur. ... e 1.05 98 .94 94 .96
Calorific value (as received): ) 088

: calnries. . 6,
Determined....... <-4B.t.0... 12,578
Calculated from ulti- fealories. . .l 7,023
mate analysis...... B.t.u... 12, 641

a Sample from stenmin% test 355 treated as car sample.
b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
¢ Proximate analysis of fuel as received; ultimate analysis on'dry basis.

STEAMING TESTS.

Tennessee No. 4 (run of mine).

Test 355. |Test 356.a| Test 405.

Size as used: v
Overhltinci'h. ST 20.1 32.0
inch to linch... lo...: 25.2 19.6
inch to 4 inch R I 19,0 |fSeeD- 238
Under dinch. ... ... ..o i . . 33.1 29. 4
Duration of test....................... 10 9.97 8.25

Heating value of fuel

13,441 | 13,288 13,936
Force of draft:

Under stack damper........cooiiieiiiiiieiaiiiaenaaan.s inch water.. 0.74 0.76 0.04

ADOVE fITe. ..o e do.... .16 .22 .18

Furnace temperature. .. ......oooieiieiiiiiiiiieaaiaaiaaaaaas °F.. 2,584 2,719 2,294
Dry fuel used per square foot of grate surface per hour......... pounds. . 21.49 24. 34 19.16
Equivalent water evaporated per square foot of water-heating surface,

023 o 171 pounds. . 3.95 4.48 -3.76
Percentage of rated horsepower of boiler developed..................... 110.8 125. 6 105. 3
Water apparently evaporated per pound of fuel as fired........ pounds. . 7.36 7.48 8.22
Water evaporated from and at 212° F.: .

Per pound of fuel as fired : do... 8.62 8.69 9. 54
Per pound of dry fuel...... ...do... 9.21 9.22 9.82
Per pound of combustible...... e 10.39 10. 53 10.79

Efficiency of boiler, including grate. . ... ... . ...c.......... percent..|  66.17 67.01 | 68.05

Fuel as fired:
Per indicated horsepower hour. .pounds.. 3.28 3.25 2.96

Per electrical horsepower hour. do. 4.05 4,02 3.66
Dry fuel:

Per indicated horsepower hour......... et taeeeiaaaas do.... 3.07 3.07 2.88

Per electrical horsepowerhour....... ...l do.... 3.79 3.79 3.55

a Test made for maximum capacity.

Remarks.—Test 405 on briquets, which burned with a long flame and cracked open to
a depth of three-fourths inch; coked and held together until entirely consumed; made
very little smoke. Fine gray ash of medium weight, with very little green coal, loss
of coal falling through grate and over bridge wall being very small.
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PRODUCER-GAS TEST.
Tennessee No. 4 (run of mine).

Test 111.—Duration of test, 50 hours. Average electrical horsepower, 182. Aver-
age B. t. u. per cubic foot of gas, 161.7. Total coal fired, 12,150 pounds.

Coal as Combus-
“fired. |DTY €03l Tiiple,
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: .
Commercially available...._........... ... ... 1.42 1.37 1.27
Developed at switehboard........ .. ... .. ... .. .o 1.34 1.29 1.19
Per brake horselpower: . .
Commercially available ... ... .. . ... ... ... 1.21 1.17 1.08
Developed at engine........................ et 113 1.10 101
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Commercially available .. .. ... .o, 1.54 1.49 1.38
Developed at switchhoard............. ... ... ...l 1.45 1.40 129
Per brake horse})ower: ’
- Commercially available..... ... ... i 1.31 1.27 1.17
Developed at €ngine. ... ........oooii i 1.23 119 110

Analyses.
Qas by volume.
B (T 171 ) - S .29 | Carbon dioxide (COg) . ........oooiiiaaiaia, 10.4
Volatile matter. . Carbon monoxide (CO)...........oveuiai... 19.0
Fixed carbon.... Hydrogen (Ha) ... .overniniiiienniaio.. 16.7
Ash........... Methane (CHa)ecoerneiniiiiiiiniiiinana.n. 2.4
Sulphur.. ... . Nitrogen (Ng) e.weeeene e e eaeineaaaacnannnn 51.0
. Ethylene (CoHq) oo ouennirniiiiiiiiiaan .5

COKING TESTS.

Tennessee No. 4 (run of mine).

Test 125. | Test 129.

Sizeasused..................... e OSSR URUUT PRt f. c. f.c.
Duration of test....... . 60 53
Coal Charged. ... ..o e .| 12,000 11,270
Coke PrOQUESA ... ... .eeieeiieee e { %3 B e
) . s P

Breeze Produced. ... {per cent. . 23(1ii 2"3((;
Total Field. .. ..ooe i do.... 64.87 68.91

Remarks.—Test 125: Light gray and silvery color; fingered coke $-inch black butts;
ash somewhat high; better coke probably from washed coal. Test 129: Light gray and
silvery; fingered coke; black butts removed; heavier and better than coxe of test 125;
resultant coke probably improved by washing.

.

Analyses.
Coke.
Coal.
Test 125. | Test 129.
MOISEUTR . - . e ettt e e ettt et et 3.82 0.54 1.43
Volatile matter. . .. 33.17 1.56 0.28
Fixed carbon.... 53.17 84.27 86.73
Ash........... .. 9.84 13.63 11.56
SUIDRUT . L e .89 .72 .69

P
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_Cupola tests of cokemade from Tennessce No. 4 coal.

CHARGE.

: Coke.2 i Divisions of charge. .
Cupola ° F.lt“idf - ons o7 chnTes
test, Specific Ratio | o | Materials. Total.
Test .| Phos- | strip . .
No. | No. g]%,‘ phorus. 'Egrl’(g? full, L 2. 3. 4. -
Per ct. Perct. Lbs. | Lbs.'| Lbs. | Lbs. | Lbs. | Lbs.
Coke...... 190 60 60 60 60 430
102 125 1.93 | 0.0215 7 | 98.61 K Pigiron... 570 420 420 420 420 | 2,250
Scrap..... 190 140 140 140 140 750
Coke...... 190 60 60 60 60 430
105 129 1.91 | .0233 7199.0 |KPigiron... 570 420 420 420 420 | 2,250
Scrap..... 190 140 140 140 140 750
Coke...... 190 60 60 60 60 430
138 129 1.91 ) .0233 7 | 94.44 |{Pigiron... 570 420 420 420 420 | 2,250
Scrap..... 190 140 140 140 140 750
a Sulphur in ash, test 102, 0.03 per cent.
RECORD OF MELT.
Blast pressure. 1 Weight of iron. Melting. Recovered.
Cupola rf]?lr_l - -
test Max-| nin Addi- Rate | Ratio
No. Onat— |; ml in B |Poured| tional | Total.| Time.| per [iron tol Loss. |Iron.|Coke.
imum., - in— melted. hour. | coke.
Oz. | Min. | Lbs. | Lbs. | Lbs. | Min. | Lbs, Perct.| Lbs. | Lbs.
102 | 3.15p.m.... 71 . 81 1,731 219 | 1,950 323,65 [ 557 6.60 | 852 79
105 ] 2.25p.m.... 74 71 1,915 131 | 2,046 31 (3,960 | 5.8l | 6.70 | 753 78
138 | 3.51p.m.... 7 9| 1,875 252 | 2,127 40 3,191 | 6.09| 6.16 | 688 81
* LADLE RECORD.
: . Test 102. Test 105. Test 138.
Ladle No. Time Tim .
> c > Time
Pounds (p. m.). Pounds (p. m.). Pounds. . m.).
2,38 87 4.03
2. 384 73 4.06
2.39 84 4.064
2.42 46 4.07
2.43 89 4.09
2. 434 79 4,11
2.46 106 4.114
2. 46% 60 4,12
2.47 98 4.14
2.48 31 4.14%
2. 484 78 4,18
2.50 116 4.184
2.51 93 4.19
2.51% 71 4.23 .
2.53 92 4.23%
2.54 122 4.24
2.56 092 4.28
2.57% 102 4.28)
2.58 77 4.29
3.00 103 4.32
3.03 26 4.32%
.......... 74 4.35
.......... 27 4.35%
.......... 49 4.40

Remarks.—Tests 102 and 138: Iron hot. Test 105: Iron very hot and fluid.
BRIQUETTING TESTS.

Tennessee No. 4 (run of mine).

Test 120.—English briquets'made at 179.6° F., average weight 3.3 pounds, with 5
per cent binder, were easily broken, showing cracks with soft edges; those made with
5.5 per cent binder showed improvement, but the edges were not sharp,and the
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briquets were easily broken; those with 6 per cent binder were satisfactory, showing
firm edges, hard surfaces, and clean, sharp fracture; those with 6.5 per cent binder
showed ‘improvement on surfaces and edges. In the drop test with briquets con-

taining 5 per cent binder the l-inch screen held 83.3 per cent and passed 15.7 per .

cent; with 5.5 per cent binder 85.4 per cent was held and 14.6 per cent passed. Ren-
frow briquets made at 149° F'., average weight 0.4 pound, with 6, 6.5, and 7 per cent
binder, had smooth, firm surfaces and edges slightly soft, though generally satisfactory;
7.5 per cent binder made the best briquets of the lot; all surfaces and fractures were
entirely satisfactory. TFor analyses of briquets see page 235 (steaming test 405).

Test 150.—Tennessee No. 4, 80 per cent; miscellaneous No. 5 (coke breeze, p. 292) 20 ~

per cent. Briquets with 8 per cent binder were satisfactory, with no difference in ap-
pearance from those made from Tennessee No. 4 alone. They were tough when warm,
easily handled and stored, and had rough but hard surfaces. The briquets were
difficult to break; the fracture was uneven, although the edges were firm. The
structure-was porous.

Test 151.—Tennessec No. 4, 75 per cent; miscellaneous No. 5, 25 per cent. With
the increased percentage of coke breeze (see test 150) the briquets were easily broken
when warm, although sufficiently tough after cooling.

Test 120. [ Test 150. | Test 151.
Size as-used:
OVer 3 INCh. ..o i 3.2 3.2 3.2
isinchtolinch....... 11.4 10.9 10.9
¥ inch to 3 inch.. .. 19.9 18.6 18.6
it inch to i inch. . . . . 25.0| 2.8 25.8
Under 2 inCh. . ... .ot e 40.0 41.5 41.5
Details of manufacture: .
Machine uSed. . . ..ottt et aa i Ea) Renf. Renf.
Temperature of briquets. ..... .. ... °F.. a) 149 149
Binder—
Kind . w. g.p. g.p
Laboratory No. (see P.40) « .o ovnnnirieni it 3410 3410 3410
Amount............ . per cent.. (2) 8 8
Weight of— .
Fuel briquetted. .. [ 44,000 | 40,000 40,000
Brigquets, AVeTAZe. .« cueen ot ee et (a) .532 .513
Heat valuo per pound - No.4 B.t 12,518 | 12,518 12,576
; ennessee No.4.. ...l B Lu.. 3 3
Fuel as rccewed{Miscclla,neous No.s.... . QL] 1ess | 110036
Fuelasfired.......coooiiiiiiiiiiiiiaaia.s ..do....| 13,578 13, 536- 13,154
C UBINACT - .ot e et .| 16,418 | 16,478 16,478
Weathering test: -
Time exposed.........cooeeeneenn... et eeeraaaaaas .. 214 214 214
Condition. .. .. ... ... B.[ B. B.
e See notes preceding table.
Ezxtraction analyses.
Fuels. i Briquets.
- Pitch. . . .
onn. | Mise | Test 120. | Test 150. | Test 151.
Laboratory No........cooceeiviiiiiaa.. 3410 3058 3366 |.......... 3380 3367
Air-drying 1osS................. percent..|.......... - 4.7 8.70 1.10 0.60 0.60
Extracted by CS;:
Ajr-dried................... do....feeieaan..s 1.50 .65 5.82 6.27 6.56
Asreceived.................... do.... 79.98 1.38 .59 5.75 6.23 6.52
Pitch in briquets as received...... [ 10 R S A (R © 5,56 7.29 7.51

TENNESSEE NO. 5.

Biturhinous coal from Petros, Morgan County, on the Southern

~ Railway, was designated Tennessee No. 5. The coal, as worked from

the outcrop at this place, averages 2 feet 10 inches in thickness.
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This sample, consisting of run-of-mine coal inspected and loaded
under the supervision of John W. Groves, was used in making steam-
ing tests 352, 357, and 358; producer-gas test 125; washing test 172;
coking test 154 (washed coal); and cupola tests 106 and 129.

Two mine samples were taken for chemical analysis. Sample
2958 was taken 2,500 feet southeast of the drift mouth, where the
coal measured 2 feet 83 inches in thickness. Sample 2959 was taken
3,800 feet east of the drift mouth, where the coal measured 3 feet }

inch in thickness.
: CHEMICAL ANALYSES.

Tennessee No. 5.

’ Steaming tests.b
Carsam- 8

Mine samples.
P ples:e |50 [ 357, 358.

Laboratory No......oooovvviieinna, 2058 | 2959 3050 |-oeeeeeiiifernenneii i
Air-drying 1088, ..oooeiiiiiiiiins 1,30 0.90 430 |eereee oo

Proximate: .
MOIStUre. v vttt 2.25 2.20 5. 50 5. 59 5. 82 6.73
Volatile matter. .. . . 3 . 6 '33.62 33.59 32.84
Fixed carbon..... . X . 51.03 5L.73)- 5112
X 9.76 8.86 9.31
333 i 2.95
4.89 4.89 4.93
74.23 74.23 74.76
1.72 1.72 1.73
5.40 5.40 5.44
10.34 10.34 9.98
©3.42 3.42 3.16

Calorific value (as reccived): ) 7005 ' 7135

: . calories. . 95 [--eennnnn T R
Determined. ............... B.t.u...| 13,851 |.....0000 w2isa [
Calculated from ultimmtc{calorics. 1 P P, % L7 R PO
analysis................. Botou.. oo e 12,793 | oo e

a Sample from steaming test 352 treated as car sample. :
b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.

Tennessee No. 5 (run of mine).

Test 352. | Test 357. | Test 358.
Size as used:
Over linch..... . .. 20.1 “12.9 19.9
4inch to 1inch do.... 17.3 25.8 28.2
inch to 4 inch 20.9 21.9 20.6
nder }inch.. 32.7 39.4 313
Average diameter. .86 .58 .69
Duration of test........ ours. . 9.98 10. 00 10.00
Heating value of coal 13,604 13,792 13,685
Force of draft:
Under stack damper 0.62 0.74 0.75
Abovefire............... e .13 .21 .20
Furnace temperature. .............o.ocooioiiiiiaaa. ....°F.. 2,456 |- 2,575 2,520
Dry coal used per square foot of grate surface per hour....._. pounds.. 18.89 22.49 22.12
Equivalent water evaporated per square foot of water-heating surface .
per hour..... e et aie et pounds.. 3.40 3.97 412
Percentage of rated horsepower of boiler developed..................... 95. 4 111.2 115.5
Water apparently evaporated per pound of coal as fired...... pounds. . 7.08 7.14 7.49
‘Water evaporated from and at 212° F.:
Per pound of coal as fired. ...... et 8.52 8.33 8.69
Per pound of dry coal......... . 9,02 8.84 9.32
Per pound of combustible....... ....do.... 10. 31 9.89 10. 52
Efficiency of boiler, including grate...................o...... cent. . 64.03 61. 80 65.77
Coal as fired: .
Per indicated horsepower hour............................ 3.32 3.39 3.25
Per electrical horsepower our...... .. ... ..ol 4.10 . 4.19 4.02
Dry coal:
Per indicated horsepower hour...............oveviiiieienn... do.... 3.13 3.20 3.03
Per electrical horsepower hour.................coeoiunnnnn... do. 3.87 3.95 3.75
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PRODUCER-GAS TEST.
Tennessee No. § (run‘of mine).

Test 125.—Duration of test, 50 hours. Average electrical horsepower, 186.7. Aver.
age B. t. u. per cubic foot of gas, 142.1.  Total ¢oal fired, 12,900 pounds.

Combus-

Coal as . :
Dry coal. tible.

fired.

Coal consumed in producer per horsepower hour (pounds).

Per elccti"ical horsepower:

Commercially available.... ... .. . ... i i 1.48 1.44 1.31

Developed at switchboard................ ... . i 1.38 1.35 1.23
Per brake horsepower:

Commercially available. ... ... ... ... i i 1.26 1.23 111

Developed at engine...... ... S 1.18 1.15 1.04

Equivalent used by producer plant (pounds).

, Per electrical horsepower:

Commercially available.......... ... oo i 1.61 1.57 1.43

Developed at switchboard................. ...l 1.51 1.47 1.34
Per brake horsepower: r

Commercially available.......... ... ... ... 137 1.34 1.24

Developed at engine..... P 1.28 1.25 1.14

Analyses.

Gas by volume.

Moisture.. ...l Carbon dioxide (COz)-....................o0.
Volatile matter E Carbon monoxide (CO).. ..

Fixed carbon....... .. 53 Hydrogen (Hg).......
Ash.. ...l .. Methane (CHy)..
Sulphur. ... . Nitrogen gHa) ..
. Ethylene (CaHa) e .ovveniiiiiiii i,

WASHING AND COKING  TESTS.

Washing test 172.—Size as used: Crushed to 2 inches. Jig used, Stewart. Raw coal,
18,450 pounds; washed, 16,000 pounds; refuse, 2,450 pounds. )
Coking test 154.~—Size asused: Washed, finely crushed. Duration of test, 49 hours.
Coal charged, 11,570 pounds. Coke produced, 6,807 pounds, 58.83 per cent. Breeze
produced, 354 pounds, 2.20 per cent. Total yield, 61.03 per cent. Light gray and

silvery. Good, strong, heavy coke. _High sulphur not removed by washing.

Analyses.

Washing test 172. Coking test 154.

Rawcoal| Washed | qoqy Coke.

coal.
Moisture 5.59 5.29 5.53 0.56
Volatile matter 33.62 |... .. 35.06 .42
Fixed carbon 51.03 |... 53.28 90. 46
Ash..... . 9.76 6.13 8.56
Sulphur.... ... ...l . . . 3.23 - 2.44 2.08 -
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'Cupola tests of coke made from Tennessee No. 5 coal (washed).

CHARGE.
Coke. 7 Divisions of charge.’
Cupola ; d{ltl-
g\?st Test |SPecific] Ratio | & n.g Materials. . , , ) 5 Total.
o. gravi- [iron to| %, - . . 3. . .
No. ty. coke. full.
Per ct. Lbs. | Lbs. Lbs. | Lbs. | Lbs. | Lbs.
- Coke........ 190 60 60 60 60 430
106- 154, 1.91 71 98.51 {Pigiron..... 570 420 420 420 420 | 2,250
. [Serap....... 190 140 140 140 140 750
. Coke........ 190 60 60 60 60 430
129 154 1.91 | 71 93.05 |{Pigiron..... © 570 420 420 420 420 | 2,250
. . Scrap....... 190 140 140 140 140 7
RECORD OF MELT.
Blast pressure. ‘Weight of iron. Melting. . Recovered.
Cupola Iron
test Maxi-| nim Addi- Rate | Ratio .
No. On at— mum in—g Poured.| tional |Total.| Time.| per |ironto! L.oss. { Iron.|Coke.
: . - |melted. hour. | coke. )
Oz. Min. | Lbs. Lbs. Lbs. | Min. | Lbs. Per ct.| Lbs. | Lbs.
106 [ 9.13......... 7 71 2,328 144 | 2,472 3114,784| 6.92| 8.30| 279 73
129 | 9.44.... ... - 7 6] 1,825 418 | 2,243 343,958 | 6.30| 6.13| 573 74
LADLE RECORD.
Test 106. Test 129. "Test106. Test 129.
Ladle T
; : Ladle Nc. R .
No. Time Time Time Time
Pounds. (8. ). Pounds. (a. m). Pounds. (8. m.). Pounds. (8. m.).
1. 103 9.25 80 9.58 [ 13 11 9.383) ' 80 10.14
2. 107 9. 253 65 9.59 | 14 103 9.39 104 10.14
3. 80 9.26 91 10.05 |[ 15 88 9.40 (8 10. 15:
4. 86 9.29 64 10.06 || 16 111 9. 404 115 10.16
5. 109 9.30 87 10.09 || 17 111 -9.41 108 10. 163
6... 116 9.31 88 10, 094 18 98 9. 42 84 -10.17
7... 9.32 64 10.10| 19 101 9. 42} 83 10.17%
8... 108 9. 324 76 10. 1141 20 97 9.43 32 10.18
9... 9.35 84 10.12° |1 21 74 9. 464 90 10.23
10.. 81 9. 25 102 10. 124{| 22 105 9. 46 75 10.24
1., 100 9.36 95| . 10.13 | 23 124 947 |l
12 87 9.38 80 10. 133 24....... 50 9.861 |

Remarks.—Test 1()6: Iron very hot and fluid.

TENNESSEE NO. 6.

Bituminous coal from a mine located 3 miles northwest of Wal-
densia, Cumberland County, on the Southern Railway, was desig-
nated Tennessee No. 6. The coal, as worked from the outcrop at
this place, averages 4 feet in t}uckness

- The sample, cons1st1ng of run-of-mine coal 1nspected by John W.

Groves, was used in making steaming tests 379, 380, and 381; pro-
ducer-gas test 110; coking test 122; and cupola tests 112 and 141.-

Two mine samples were taken for chemical analysis. Sample
2977 was taken 200 feet west of the drift mouth, where the coal
measured 3 feet 6 inches in thickness. Sample 2978 was taken 350
feet northeast of the drift mouth, where the coal measured 4 feet 6
1nches in thickness.

19698—Bull. No. 352—08———16

ey
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CHEMICAL ANALYSES.

Tennessee No. 6.

Car Stea;ming tests.a
-~ Mine samples.
sample. | g7 380. 381
Laboratory No.. 2977 2978 3102
Air-drying loss.. 2.70 1.90 2.90
Proximate: . .
Moisture.. . ..............oall 3.80 3.00 3.89
Volatile matter....................... 30.72 30.88 27.61
Fixedecarbon...... ... 60. 98 59. 96 54.07
Ash. e 4.50 6.16 14.43
Sulphur. ... ... .78 1.08 .78
Ultiﬁa&e:
ydrogen...............coiiiiiiil.
Carbon............ooiiiiiie
Nitrogen...........coooiieea.. PO
Oxygen ........
Sulp'rii{r """"
Calorific value (as received): 7870
calories. . 24 ) .
Determined................ B.t.u. 14:182 __________
Calculated from ultimatefcalories. .|..........[-.........
analysis.................. Bitiuo.foeeeiiii]iienias

a Proximate analysis of fuel ds fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.

Tennessee No. 6 (run of mine).

Size as used:
}inch tolinch.. .
4 inch to % inch

Underdinch........... ... ... ... e ceee
Duration of test. ... ... . .
Heating valueofcoal ...................... B. t. u. per pound dry coal..
Force of draft:

Under stack ampPer..........oviriienioirneianaaananas inch water..

ADOVe fiTe. Lo i do....
Dry coal used per square foot of grate surface per hour........ pounds .

Equivalent water evaporated per square foot of water-heating surface
PO MOUT . i

Percentage of rated horsepower of hoiler developed .......
Water apparently evaporated per pound of coal as fired....... pounds. .
Water-evaporated from and at 2.

. Per pound of coal as fired . do....

Perpound of dry coal........covioieeiiiiiiiiiiiiiii i

Per pound of combustible
Efficiency of boiler, including grate............ . ............. R
Coal as fired:

Per indicated horsepower hoyr

Per electrical horsepower hour
Dry coal:

Per indicated horsepower hour.

Per electrical horsepower hour

Test 379. | Test 380. | Test 381.
21.7

17.4

19.6

. 41.3

10. 02

12,505

0.70

.19

18.35

A 2.88

12| 835 80.7
30 a 6. 59 6. 42
61 a?7.78 7.61
85 28.04 7.86
29 a9, 87 10.04
87 a 60. 47 60.70
28 a3.63 3.72
05 a4.49 4.59
20 a3.52 3.60
94 a4 34 4.44

aQuestionable.
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PRODUCER-GAS TEST.
Tennessee No. 6 (run of mine).

Test 110.—Duration of test, 30 hours. Average electrical horsepower, 156. Average
B. t. u. per cubic foot of gas, 133.3. Total coal fired, 7,950 pounds.

Coal as Combus-
ﬁred.‘ Dry coal. tible.

Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower:

Commercially available....... ... ... ...l 1.84 1.78 1.40

Developed at switchboard.... ... ..... ... ... ... 1.70 1.64 1.28
Per brake orstﬁpower:

Commercially available. .. .. . ... . .. 1.56 1.51 1.19

Developed at engine..........o i ‘1.45 1.39 1.10
Equivalent used by producer plant (pounds). ’

Per electrical horsepower:

Commercially available. ... .. ... oo 2.02 1.95 1.53
Developed at switchboard............. ... ...l 1.87 1.80 1. 42
Per brake horsepower: ' .
Commercially available....... ... ...l 1.72 1.66 1.30
Developed 8t eNgINe. ... o.veuiee ittt e 1.59 1.53 1.20
Analyses.
Coal. Gas by volume.
Moisture.... ... 3.55 | Carbon dioxide (COg)..........coooiiiin. .

Volatile matter. ... 20.00 | Carbon monoxide (CO)...
Fixed carbon. ... 49.88 | Hydrogen (Hg)............
Ash........ y ... 20.57 | Methane (CH).......... ...
Sulphur...coooiiiiiiiiiiii .76 | Nitrogen (Ng).....oovonaian.

Ethylene (CgHy)

COKING TEST.
Tennessee No. 6 (run of mine).

Test 122.—Size as used: Raw, finely crushed. Duration of test, 43 hours. Coal
charged, 12,000 pounds. Coke produced, 7,712 pounds; 64.27 per cent. Breeze
produced, 314 pounds; 2.62 per cent. Total yield, 66.89 per cent. Light gray and
‘silvery. Good, heavy, strong coke. Could he improved by washing to veduce ash.

Analyses. '
Coal. | Coke.
MoiSture. ..ot i e et 2.05 0.22
Volatile mater. y ... 27.36 .91
Fixed carbon. .. 55.12 79.01
Ash........ . 15.47 19. 86
SUID UL . e .90 .69
Cupola tests of coke made from Tennessee No. 6 coal.
CHARGE.

ke. ivisi f ch. 3

Cupola . Coke. o Fluid- Divisions of charge
test | et [Specifie] Ratio s]t?i, Materials. Total.

No. No grav- |iron to Tal 1. 2. 3. 4. 5.
© Ity coke. .
Per ct. Lbs. Lbs. Lbs. Lbs: | Lbs. | Lbs.

Coke........ 230 50 50 50 50 430
112 - 122 1.95 [ PO Pigiron..... 690 390 390 390 390 | 2,250
Serap....... 230 130 130 130 130 750
Coke........ 220 53 53 52 52 430
141 122 1.95 7 99.9 KPigiron..... 660 398 398 397 397 | 2,250
. Serap....... 220 133 133 132 132 750

6 Sulphur in ash 0.03 per cent. Phosphorus in coke, 0.0834 per cent.
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Cupola tests of coke made from Tennessce No. 6 coal—Continued.

RECORD OF MELT.

Blast pressure. Weight of iron. Melting. . Recovered.
Cupola 1{12113
test Maxi-| nin Addi- Rate | Ratio .
No. Onat— | um in—g Poured.| tional | Total.| Time.| per |iron to| Loss. | Iron.| Coke.
g melted. hour. | coke.
112 @ 02.7 Mins. | Lbs. Lbs. | Lbs. | Mins.| Lbs. Per ct.| Lbs. Lbs‘.
(T I () IR FORRNU I PRI FURSI MSPPTIS FPPUUIN SUUPR FOUUNS PN
141 [ 8.05a. m.... 7 5 749 296 | 1,045 30 12,000 | 4.48 | 4.90 [1,808 197

a Blast on 30 minutes; no iron }nelted. Coke very high in ash, and dirty.

LADLE RECORD.

Test 141. . Test 141.
Ladle No. . Ladle No. me
Pounds. | ;f lgf’) ) Pounds. | ( a,l.' l;nng )

78 45| 833
88 55 8.36
78 51 8. 363
69 24 8.37
40 56 8.39
57 15| 840

Remarks.—Test, 141: Iron cold.

TENNESSEE NO. 7.

Bituminous coal from Wilder, Fentress County, on the Southern’
Railway, was designated Tennessee No. 7. The coal, as worked
‘from the outcrop at this place, averages 4 feet 4 inches in thickness.

Two samples of coal were shipped from this mine, both inspected by
John W. Groves. Tennessee No. 7 A consisted of run-of-mine screened
over a }-incfl by 1-inch shaker screen, and was used in making steam-
ing tests 372, 373, and 374 and producer-gas test 108. Tennessee
No. 7 B consisted of slack coal through a plate perforated with }-inch
by 1-inch holes, and was used in making steaming test 406 (on
briquets) ; washing test 156; coking tests 121 (raw) and 123 (washed);
cupola tests 113 and 137; and briquetting test 121.

Two mine samples were taken for chemical analysis. Sample 2979
was taken 2,000 feet north of the drift mouth, where the coal measured
4 feet 7 inches in thickness. Sample 2980 was taken 1,500 feet east of
the drift mouth, where the coal measured 4 feet } inch in thickness.
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CHEMICAL ANALYSES,
Tennessee No. 7.
Car s;mm- Steaming tests.b
Mine samples. VPXCﬂ oy s

Laboratory No................ 2979 2980 3133
Air-dryingloss................. 2.00 1.80 1.70
Proximate:

Moisture................... 3.46 3.04 3,03
Volatile matter. .. 34.73 36.37 34,91
TFixed carbon... 52.73 50. 46 49.21

Ash........ .. 9.08 10.13 12.85
Sulphur...............o.L. 2.42 3.84 3.26
Ultimate: L
Hydrogen........ooevvaeeiifoenanaanas 5.03
SCarbon. ... 69.26
“Nitrogen. ... oL, .. 1.27
Oxygen. PN N .- 8.33
Ash. e e
Sulphur e
Calorific value (as rccelvled) 7913 oo
calories. . 1 : 2 7,00L |..._...
Determined..... QOR8] oo 1602 |01l
Calculated from .
calorles .................... 7,045.......
stmateapal- g e w1 T T 12,681 |

a Sample from producer-gas test 108 treated as car sample.

b Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample. .

STEAMING TESTS.

Tennessee No. 7.

A.

B.

Test 372.

Test 373.¢ Tes

.| Test 406.

Size as used: .

Overlinch. ... ... .. ..o iiiiiiiiiiiiiienann.. per cent..

3 inch to linch... d

inchtodinch. .. ... ... il
Under % inch R

Duration of test

Heating value of fuel............ B. t. u. per pound dry fuel. .
Force of draft:
Under stack damper.............oooceiieann inch water. .
Abovefire.............. do....

Furnace temperature
.Dry fuel used per square foot of grate surface per’
116 1§ I, pounds. .
Equivalent water evaporated per square foot of water-heat-
ing surface Per hour. ... ... ieeiiicnncaiinaas pounds..
Percentage of rated horsepower of hoiler developed...........
Water apparently evaporated per pound of fuel as
fired. .. il -....pounds..
Water evaporated from and at 212° F.
Per pound of fuel as fired
Per pound of dry fuel.
Per pound of combusti
Efliciency of boiler, including g

Fuel as fired:
Per indicated horsepower hour..................
Per electrical horsepower hour..................... do....
Dry fuel:
Per indicated horsepower hour..................... do....
Per electrical horsepower hour......ccivieninnas do....

26.1
3.5
18.5
17.9

9.03
12,681
0.69
.23
2,058
26.76

4.53
127.1

6.93

8.23
8.49
10.06
64.65

3.44
4.24

3.33
4.11

Seep.247

6.15
13,547

0.64
.17
2,420
20.91

3.85
108.0

7.66

a'Maximum capacity test.

Remarks.—Test 406 on briquets from test 121. The briquets burned with a long
flame, cracked open to a depth of three-fourths of an inch, coked, and held together
well until entirely consumed. No smoke; very little clinker; reddish-brown ash.

.
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PRODUCER-GAS TEST.

- Tennessee No. 7 A (run of mine).

Test 108.—Duration of test, 50 hours. Average electrical horsepower, 192.5. Aver-
_age B. t. u. per cubic foot of gas, 154.6. Total coal fired, 14,400 pounds.

» Coal as Combus-
: : fired. |DTY €08l “iiple.

Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower:

Commercially available. .. ... ... .. . i 1.60 1.55 1.35

Developed at switchboard. ... ... .. .. ... . .. il 1.50 1.45 1.26
Per brake horsepower: : :

Commercially available........ ... ... ... ... PO 1.36 1.32 1.14

Developed at engine................. ... ...l 4 1.27 1.23 1.07

Equivalent used by producer plant (pounds).

Per electrical horsepower:
Commercially available...... P . L74 1.69 1.46
Developed at switchboard........ e P, 1 .

Per brake horsepower:
Commercially available. ... ... ... ... ... ... ... 1.
Developed at engine. . .. ... it 1.

Carbon dioXide (COg) ... cuut il i it it ieae e e cattetetaaeeanaaanaaannaan 1
Carbon monoxide (CO)
Hydrogen (Hs)........
Methane (CHy)...... ..
Nitrogen (Ng) ....... ..
17 0 IR (01 7 PN

WASHING AND COKING TESTS.
Tennessee No. 7 B (slack).

Washing test 156.—Jig ﬁsed, Stewart. Raw coal, 31,000 pounds; washed coal,
21,000 pounds; refuse, 10,000 pounds. ’ i

Coking tests.

Test 121 | Test 123

(raw). (w.).-
Sizeasused................. ettt aeeeeeaneaaan fe.| . fe.
Duration of test... .. .. .. 46 50
CO'Ll charged....... .. .. - pounds.. l(2i, g% 12,000
- f....do.. 6,911
Cokcproduced........4.....................,..t ......................... 55,67 57 50
Breeze produced 573)(7i 23(%3
Total yleld. ... o i do.... 61.64 60. 28

Remarks.—Test 121: Poor coke, soft and punky; coal high in ash and sulphuz;
might be improved by washing. Test 123: Light gray and silvery, with good nng,
great improvement over raw charge; sulphur still too high.

. Analyses.

Washing test 156. | Coking test 121. Coking test 123.

Raw | Washed | Goq). | Coke. | Coal. | Coke.

coal. coal.
Momture ........... e, P 7.88 7.04 7.88 0.43 8.37 0.57
Volatile mn.tter. . .. 28.28 |.o.oinll. 28.28 .36 32.29 .87
Fixed carbon.... 46.43 |.......... 46.43 74. 43 49,02 83. 59
Ash......... .. 17. 41 10.12 17.41 24.78 10.32 14.97
Sulphur. . .oo.ooiiiii i X5 2.26 3.43 2.98 2.21 1.77

@ For analyses of fuel used see p. 245 (sample 3133).
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Cupola tests of coke made from Tennessee No. 7 5 coal (washed).

CHARGE.
X Divisions of charge.
Cupola Ooko Fluid- . £
test Specific| Ratio | W | Materials. Total.
No. | T8¢ Pgrav- | “iron | SHfP 1 2 3. 4 5.
: ity. |tocoke. ) :
Pcrct. Lbs Lbs. | Lbs. | Lbs. | Lbs
. 60 60 60 60 430
113 123 1.93 7| 98.61 420 420 420 420 | 2,250
140 140 140 140 | + 750
60 60 60 60 430
137 123 1.93 71 95.8 420 420 420 420 | 2,250
. 140 |+ 140 140 140 750
a Sulphur in ash, 0.04 per cent. Phosphorus in coke, 0.0468 per cent.
RECORD OF MEL'T.
Blast pressure. ‘Weight of iron. ~ Melting. . Recovered.
Iron r
Cupola run- ; Ratio .
tost " |Maxi-| nin Addt- Rate | %ron
No. |’ Onat— | &X"| DM€ |Poured| tional | Total| Time.| per | Mo | Loss.|Iron. |Coke.
: melted. hour. 0
coke.
| 0z | ain. | zbs. | Ibs. | Lbs. | Min. | Lbs. Perct.| Lbs. | Lbs. -
113 |-3.30 p. m.... 7 8| 2,384 132 | 2,516 30 | 5,032 870} 12.06 ) 122 141
137 | 10.30 a. m. .. 63 9| 1,446 444 | 1,890 34 13,336 | 6.26 [ 560 | 942 128
LADLE RECORD.
Test 113. Test 137. Test 113. . Test 137.
Ladle No. : ; Ladle No. I X
Time Time > Time Time
Pounds. (p-m.). Pounds. (a.m.). Pounds. (p. m.). Pounds. (a.m.).
93 | 3.47 88 10.48 105 '4.03 63 11.02
56 3.47% 96 10.483% 87 4.033] 35 11.03
102 3.51% 61 10.49 94 4.04
93 3.52 76 10.53 105 4.05
78 3.56 88 10. 53} 88 4.058]
102 3. 563 93 10. 54 90 4,06
83 3.57 67 10.55 106 ' 4.07
71 3.59 70 10. 55% 83« 4.073...
106 3. 59% 76 10, 563 90 4.08 |..
97 4.00 97 10. 57 106 4.08%
87 4.01 92 ), 10.58 84 4.09 |...
110 © 4,013 100 10. 59% 96 4.008. ..
93 4.02 46 11.01 9 © 4.11

Remarks.—Test 113: Iron very hot and fluid. Blast off, 3 minutes. Test 137: Tron
cold. ’

BRIQUETTING TEST.
Tennessee No. 7 B (washed slack).

Test 121.—Size as used: Over } inch, 1.8 per cent; ¢ inch to  inch, 10.8 per cent;
4% inch to 5 inch, 19 per cent; g inch to /4 inch, 21 per cent; through & inch, 47.4
per cent. Machine used, English. Temperature of briquets,.179.6° F. Kind of
binder, water-gas pitch; laboratory No. 3410 (see p. 40). Amount of binder, 5.5, 6, 6.5,
and 7 per cent. Weight of fuel briquetted, 7,000 pounds; average weight of briquets,
3.08 pounds. B. t. u. per pound of coal as received, 12,447; per pound of briquets as
fired, 13,090; per polind of binder, 16,478, Weathering test: Days exposed, 200; con-
dition, B. For analyses of briquets see page 245 (steaming test 406).
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Briquets with 5.5 and 6 per cent of binder had firm edges, but surfaces were slightly
crumbly when rubbed; broke with a clean fracture, leaving a firm surface; those with
6.5 and 7 per cent of binder had hard and smooth surfaces; fracture hard and firm.
Not enough coal was furnished to make tests on Renfrow machine or steaming tests

on unbriquetted fuel. : < .
Drop test.
Percentage of binder 6 | 6.5 T
Held by l-inch screen. .. 79.9 89.5 95.2
Passed 1-inch screen 20.1 10.5 4.8
Extraction analyses.
" Briquets,
. Pltcl?. Fuel. test 121,
Laboratory No............. SRR 3410 |...... S P
Air-dryin Joss ............................................. ...percent..|.......... 6.10 1.80
Extracte ({ CSy: '
Adr-dried. . ... do....|.oo.illn 1.96 6.16
Asreceived. . ..o i do.... 79.98 1.84 | 6.05
Pitch in briquets as received. ... ..o ..l do....|......... S 5.39

TENNESSEE NO. 8.

Bituminous coal from Clifty, White County, on the Nashville,
Chattanooga and St. Louis Railway, was designated Tennessee No. 8.
The coal, as worked from the outcrop at this-place, averages 3 feet
6 inches in thickness.

Two lots of coal were shipped from this mine, both inspected by
John W. -Groves. Tennessee No. 8§ A cons1sfced of “special ryn of
mine,” which is made by passing coal over a 3-inch screen and return-
ing about 8 per cent slack to the sample. Tennessee No. 8 B con-
sisted of ‘“screened run of mine,” which was passed over a $-inch
screen and had about 18 per cent of slack returned to it. These
samples were used mixed in making steaming tests 384 (raw), 385
(raw), and 388 (washed); producer-oas tests (washed) 116 and 119;
washing test 157; coking test 134 (washed coal), and cupola tests 114
and 135.

Two mine samples were taken for chemical analysis. Sample 3005
was taken 2,100 feet north of the drift mouth, where the coal meas-
ured 3 feet 4 inch in thickness. Sample 3006 was taken 1,900 feet
north of the drift mouth, where the coal measured 4 feet in thickness.

-
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CHEMICAL ANALYSES.

Tennessee No. 8.

249

. Car samples.

Steaming tests.c

Mine samples.

A. B. 384. 385. 388.
Laboratory No... 3005 3006 3127
Air-drying loss.... 1.90 2.20 1.60
Proximate: -
Moisture................... 3.01 3.23 2.63
Volatile matter. 34.70 32.18 33.51
Fixed carbon... 51.53 53.43 50. 44
sh....... 10.76 11.16 13.42
Sulphur........cooooiaol. 3.42 3.58 4,38
Ulti{_llm(tle:
ydrogen. [
Carbon.......coooiiiiiiiiii e

Calorific value (as received):

calories. . 7,004

Detormined..... {970 | B DO
Caleulated from 7000
Vemateanal- ¢TI a2

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.

Tennessee No. 8 (run of mine).

Test
Test | Test
- 388
. 384. 385. (W)
Size as used:
Over 1ineh. . ...o o i e 36.6
4inch to1inch.. %gé

{Jinch to 4 inch
nder } inch
Duration of test
Heating value of coal.
Force of draft:

Under stack damper. ...

Above fire (natural draft

In ash pit (forced draft)
Furnace temperatdre.................
Dry coal used per square foot of grate ce per hour. .
Equivalent water evaporated per square foot of wat

Der MOUT. . et

Percentage of rated horsepower of hoiler developed
Water apparently evaporated per gound of coal as fired
Water evaporated from and at 212° F.:

19.5
10.02
12,758

0.58
.14

Per pound gf coal as fired............ooeiniiiiiiiii i 8.20 8.99
Per pound gf drycoal..................... 8.40 9.26
Per pound of combustible................. 9.94 10. 52
Efficiency of boiler, including grate 61.97 66.08
Coal as fired: . .
Per indicated horsepower hour 3.45 3.15
Per electrical horsepower hour. . ... .......oeuoiimiiiiiniiennaaannn 4.26 3.88
Dry coal: :
Per indicated horsepower hour 3.37 3.05
Per electrical horsepower honr 4.16 3.77
. PRODUCER-GAS TESTS.
Tennessee No. 8, washed (run of mine).
Test 116. | Test 119.
Duration of test. ... o i hours 24
Average electrical horsepower.................... . 147.4 197.0 -
Average B. t. u. per cubic foot of gas............. PO 144.6 157.5
TOtal COBL AITEA . v\ eeernerreneressenaennseoeesenasenessnaeennesccanasasnns pounds..] 11,250 6,550
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PRODUCER-GAS TESTS—Continued.

Tennessee No. 8, washed (run of mine).

Test 116.2 Test 119.
Coal as Dry | Com- Coal as | ' Dry Com-
fired. coal. [bustible.| fired. coal. | bustible.
Coal consumed in produéer per horse-
power hour (pounds). N
Per electrical horsepower: -
Commercially available. .. ..........fooooiveeeenedoiiiiii L 1.48 1.44 1.30
Developed at switchboard. 1.56 1.53 1.37 1.39 1.35 1.22
Per brake horsepower:
Commercially available. S P PR P 1.26 1.23 1.10
Developed at engine........... e 1.32 1.30 1.16 |- 1.18 1.15 1.03
Equivalent used by producer plant
(pounds).
Per electrical horsepower:
Commercially available. ... ........|........ ..., P PR 1.58 1.54 1.39
Developed at switchboard. 1.69 1.66 1.48 1.48 1.41 1.30
Per brake horsepower:
Commercially available R PO, N P P 1.34 1.31 1.18
Developed at engine.................. 1.43 1.41 1.26 1.26 1.23 |- 1.10
a Without tar extractor. o
Analyses.
Test 116. | Test 119. Test 116. | Test 119.
) Coal. . Gas by volume.
Moisture.............coeen... 1.62 2.43 {| Carbon dioxide (COy)........ 9.9 9.7
Volatile matter............... 34.44 35.41 || Carbon monoxide (CO)...... 19.7 19.1
Fixed carbon................. 53.32 52.29 || Hydrogen (Ho).............. 14.3 15.1
Ash.....o.. L 10.62 9.87 || Methane (CH4)......... . 1.9 2.1
Sulphuf......ooooiiiiiio. 3.05 3.06 || Nitrogen (Hg)........eonnn.. 53.8 53.5
: . Ethylene (CoHy)............. .4 .5

WASHING AND COKING TESTS.

" Tennessee No. 8 (run of mine).

Washing test 157.—Size as used, crushed to 2 inches; jig used, Stewart. Raw coal,
98,000 pounds; washed coal, 86,000 pounds; refuse, 12,000 pounds.

Coking test 184.—Size as used, washed, finely crushed. Duration of test, 45 hours.
Coal charged, 12,000 pounds. Coke produced, 6,870 pounds, 57.25 per cent. - Breeze
" produced, 320 pounds, 2.67 per cent. Total yield, 59.92 per cent. Light gray and
silvery. Good coke physically, but washing does not reduce sulphur sufficiently.

Analyses.
' . Washing test 157. | Coking test 134,

Raw Wasﬁed

coal. coal. Coal. Coke.
MOISEUIB - e eeeeeeoe i eseaeeees UUUUUETRO e 3.12 L7 3.09 0.32
Volatile matter. R72) U (R, 35.32 .11
Fixed carbon..... 49.85 |.oceen... 51.70 85.66
Ash...... et 14.12 9.99 9.89 13.91
Salphur................ : 44 2.94 2.95 2.45
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Cupola tests of coke made from Tennessee No. 8 coal (washed).

CHARGE.
Coke.o Divisions of charge.
Fluid- - :
Cupola 3
test | mags gl%%' Ratio s;;t?i’p Materials.- : . Total,
No. No. | grav- 12?)111( e::o Tull. . 1. 2. 3. 4. 5.
. ity. -
Per ct. Lbs. Lbs. Lbs. Lhs. | Lbs. | Lbs.
Coke........ 190 60 [ © 60 60 60 430
‘114 134 1.98 7| 93.14 {Pigiron..... 570 420 420 420 420 | 2,250
. Serap....... 190 140 140 140 140 750
Coke........ 180 63 63 62 62 430
135 134 1.98 |~ 71 97.22 {Pigiron..... 540 428 428 27 271 2,250
’ . Serap....... 180 [ . 143 143 142 142 750
a Phosphorus in coke, 0.0238 pet cent;;
RECORD OF MELT. -
Blast pressure. Weight of iron. Melting. Recovered.
Iron - :
Cl%gg‘];a. | Tun- Addi- | - Rate Ratio
No. On at— gﬁﬁ- ?lllnf Pg&{r— %’e?g_l Total.| Time, -h%?ll;‘ ’12%" T.oss. | Iron. |Coke.
: ed. . * | coke.
Oz. | Min. | Lbs. | Lbs. | Lbs. | Min.| Lbs. Perct.| Lbs. | Lbs.
114 [ 11.05a. m...[ 7 71 2,301 217 | 2,518 36 |3,0181 6.92| 836 231 66
135 | 9.47 a. m.... 7 7| 1,547 1,034 | 2,581 27| 5,956 | 6.59 | 833} 169 38
, LADLE RECORD.
Test 114, Test 135. Test 114, Test 135.
Ladle p : P Lﬁdle " 1
0. ime ime 0. Time "ime
Pounds. (8. m.). Pounds. (a.m.). Pounds. (8. ). Pounds. (2. m.).
61 11,18 30 . 9.56 .95 11.34 | 73 10.14
92 11.24 72 9.58 64 11.34% 74 10.15
105 11. 243 102 10. 00 78 11. 36 82 10.17
64 11.25 75 10. 01 103
74 11.27 87 10. 04 96
98 11.27% 87 10. 043 77
87 11.28 . 84 10. 063 92
78 11.28% 78 10.07 74
61 11. 30 21 10. 073 83 1
83 11. 30% 89 10. 09 104
101 11.31 80 10.11% 57
109 11. 313 85 10.12 67
104 11.33 65 10. 124 104
90 11. 333 69 10.13

Remarks.—Test 114: Iron very hot. Test 135: Iron hot. Blast off 1 minute; top

hole cut outand iron run overtrough.

TENNESSEE NO. 9.

Bituminous coal from Coalmont, Grundy County, on the Nashville,
Chattanooga and St. Louis Railway, was designated Tennessee No. 9.
The coal, as worked from the outcrop at this place, averages 3 feet 4
inches in thickness. A '

One car of coal was shipped from this mine under the supervision
of John W. Groves. Twenty tons of lump, over a $-inch screen,
designated A, was used in making steaming tests 363, 364, and 365.



952 . REPORT U. S. FUEL-TESTING PLANT, 1906—1.

Ten tons of slack, designated B, was used in making washing test 158;
and this coal, washed, in addition to 14 tons of slack, designated C,
as shlpped was used in making steaming test (on brlquets) 393; also
in coking test 124, cupola tests 110 and 136, and briquetting test 122.
Two mine samples were taken for chelmcal analysis. Sample 2995
was taken 1,900 feet north of.the drift mouth, where the coal measured
3 feet in thickness. Sample 2996 was taken 2,000 feet south of the
Jdrift: mouth, where the coal measured 3 feet 6 inches in thickness.

CHEMICAL ANALYSES.

Tennessee No. 9.

Steaming tests.a

Car samples.

Mine samples. A, BandC
A B C 363 364 365 303
Laboratory No............ 2995 2996 3113 3114 110 630 (KOO ORI PO P,
Air-drying loss.......:..... 2.30 2.40 2.60 4.70 7 {1 1 PP ORI PO PP
Proximate:
Moisture............ ... 3.44 3.77 -3.92 5.68 4.68 4. 46 3.48 3.60 4.24
Volatile matter......... 29.24 | 28.60 | 27.23 | 25.36 | 28.75{ 27.36 | 27.86| 28.40 29.80
Fixed carbon........... 58.11 | 59.46 | 54.76 | 50.41 [ 57.31 | 55.70 | 56.34 ( -53.26 56.10
P ¥ . ] 12.48 | 12.32 | 14.74 9.86
Sulphur 1.01 .79 78 79
Ultimate:
Hydrogen 4.63 4.66 4.52 4.60
Carbon................. 74.13 | 74.62 | 72.43 77.00
Nitrogen 1.37 1.38 1.34 1.43
Oxygen 5.75 5.76 5.61 5.84
Sh ....... 13.06 | 12.76 { 15.29 10.30
Sulphur 1 .82 81 .83
Ca]orlﬁc value (as reclelvul) 7 344 6.0 | 6378 . .
ca. ories ,344 | ... , 94! ), %22 2 20 PR (AR P
Determined. \p "¢ 17| 130219 |1111000 12,508 | 11,480 | 13]363 |-.oooooo[IIiIIII
Calculat ed :
from ulti-|{calories..|........|........ 6,950 | 6,537 | 7,288 |....iiifeieiiiioiiiii it
mate anal-(B.t.u...)........ ... 12,510 [ 11,767 | 13,118 | ..o e iie e e eeas )
ysis........ .

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

\ - STEAMING TESTS.
Tennessee No. 9.
A. BandC.
Test 363. | Test 364. | Test 365. | Test 393.
Size as shipped. ...l e g+ L | $-in. 1| 2-in. L.
Size as used: ) '
Overlinch....... ... ... .. 12.6 13.8 7.1 |[Seep. 2564
tinch tolinch.. do.... 24.5 22.4 17.3
4inch to 4 inch.. 24.5 23.8 22.8
Under % inch. ... ..do.... 38.4 40.0 52.8
Duration of test....... .. 10.0 9.95 9. 98 10.13
Heating value of fuel............ .| 18,257 13,333 12,938 13,613
. Force of draft:
Under stack damper 0.65 0.70 0. 71 0.62
Above fire.......... do.... .15 .19 .23
Furnace tempPerature. ... ...oee e eeeneeaeenreeaeaanneess F.. 2,263 2, 296 2, 284 2,276
Dry fue! used per square foot of grate surface per hour,
POUNAS. - - e ot ettt e aaaaas 19. 80 21.90 21.01 21. 60
Equivalent water evaporated per square foot of water-heating '
surface per hour ... ... oo i i pounds. . 3.51 3.81 3.52 4.07
Percentage of rated horsepower of boiler developed........... 98.5 106.9 98.8 114.0
‘Water apparently evaporated per pound of fuel as fired, .
L0 Uo F- e 7.21 7.20 6.92 7.71
ater evaporated from and at 212° F.:
Per pound of fuel as fired pounds. . 8.50 8.41 8.10 9.03
Per pound of dry fuel...... ..do.... 8.89 8,71 8.40 9.43
Per pound of combustible........... feeecnecsananes do....I'" 10.47 10.15 10. 16 10. 62
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STEAMING TESTS—Continued.

Tennessee No. 9.

Al Band C. -
Test 363. | Test 364. | Test 365. | Test 393.

Efficiency of boiler, mcludmg grate................. per cent.. 64,76 63.09 62.70 66. 90
Fuel as fired:

Per indicated horsepower hour..................pounds.. 3.33 3.36 3.49 | 3.13
D 1;01 lclectncal horsepower hour..................... do.... 4.11 4.15 4.31 3.87

ry fuel: . .
Per indicated horsepowerhour_.................... do.... 3.18 3.25 ) - 3.37 3.00
Per electrical horsepowerhour..................... do.... .3.93 4.01 4.16 3.70:

. Remarks.—Test 393 on briquets, which were very firm and burned freely, with
long flame and without smoke. They swelled in the fire and then fell to pieces.
Nearly all of the briquets were ﬁrcd whole. Clinker solid, heavy and brittle, and
of a light-brown color.

WASHING AND COKING TESTS.
Tennessee No. 9.

Washing test 158 (coal B, slack).—Jig used, Stewart. Raw coal, 19;385 pounds;
washed coal, 14,420 pounds, refuse, 4,965 pounds.

Coking test 124 (coals B and C, slaclc) —Size as used: Finely cr ushod Duration
of test, 49 hours. Coal charged, 12,000 pounds. Coke produced, 7,948 pounds; 66.23
. per cent. Breeze produced, 283 pounds; 2.36 per cent. Total yield, 68.59 per cent.
Light gray with some little deposit of carbon. Good coke.

Analyses.
Washing test 158. | Coking test 124.
Raw | Washed

, coul. coal. Coal. Coke.
MOISEUTE. . . e e e 5.68 4.02 4.02 0.39
Volatile matter. ) .. 25. 36 21179 27.79 .39
Fixed carbon................ .. 50. 41 58.28 58.28 85.78
Ash........... . . .- 18. 55 9.91 9.91 13.44
Sulphur .74 .85 .85 .61

Cupola tests of coke made from Tennessee Nos. 9 B and 9 C coal (washed).

CHARGE.
ke.a ’ ivision .
Coke Fluid- Divisions of charge
-Cupola - - ity .
test | o |Specificl Ratio | Materials. - . Total.
No. No grav- |iron to fullp 1. 2. 3. 4, 5.
. . ity. coke. -
Per ct. Lbs. | Lbs. Lbs. | Lbs. | Lbs. | Lbs.

Coke........ 190 60 60 60 60 430
110 124 1.93 7| 99.9 |{Pigiron 570 420 1 420 420 420 | 2,250
. Scrap . 190 140 140 140 140 750
. Coke. . 200 58 58 57 57 430
136 124 -1.93 7| 93.05 {Pig iro: .. 600 413 413 412 412 | 2,250
) Scrap....... 200 138 138 137 137 750

a Sulphur in ash, 0.04 per cent. Phosphorus in coke, (.0968 per cent.
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Cupola tests of coke made from Tennessee Nos. 9B Zmd 9 C coal (washed)—Continued.

RECORD OF MELT.

Blast pressure. ‘Weight of iron.. . Melting. Recovered.
: Iron
Cupola Tan-
test - Max- | nin Addi- ’ Rate | Ratio
No. Onat— o ! in _g Poured.| tional | Total.| Time.| per |iron to| Loss. | Iron.| Coke.
: melted.| hour. | coke.
0z. | Min. | Lbs. | Lbs. | Lbs. | Min.| Lbs. Per ct.| Lbs. | Lbs.
110 | 3.27p. m 63 6| 1,950 110 | 2,060 3413,635| 6.28| 6.83( 735 102
136 | 341 p.m 7 7| 2,106 250 | 2,356 26 | 5,437 | 6.83| 1.13| 615 85 -
LADLE RECORD.
- Test 110. Test 136. Test 110. Test 136.
Ladle No. . : Ladle No. : :
Time > Time Time Time
Pounds. (p.m.). Pounds. (p. m.). Pounds. (p-m.). Pounds. (p-m.).
loo....... © 46 3.37 96 3.57 113........ 97 3.54 107 4, 06%
2. 86 3.42 110 3.574) 14........ 87 3. 574 88 4.07
[ 103 3. 42} 43 3.58 | 15........ 100 3.58 84 4.073
[ T 24 3.43 77 3.69 N 16........ 105 3.59 100 4.09
5. 95 3. 453 - 103 4.00 117, L 88 4.01 93 4.09%
[ 100 3.46 111 4,005 18........ 98 4.02 84 4.10
Toveenians 101 3.47 30 4.01 (119........ 93 4. 0231 91 4.10%
8.l 94 3.49 88 4.013120........ 86 4. 054 109 4.11
9. 103 3. 493 101 4.03 j(21........ 91 4.06 92 4.11%
10........ 55 3.50 104 4.03%1 22........ 98 4.07. 108 4.13
... 96 3.53 72 404|123 ... o 57 4.13%
12........ 104 3.53% 93 4.06 ([ 24. ...l 65 4.14

Remarks.—Test 110: Iron very hot and fluid.
BRIQUETTING TEST.
Tennessee Nos. 9 B and 9 C (washed slack).

Test 122.—Size as used: Over % inch, 1.2 per cent; {4 inch to % inch, 5.5 per cent;
# inch to 7 inch, 12.5 per cent; i inch to 45 inch, 23.8 per cent; through 7 inch,
57 per cent. Machine used, English. Temperature of briquets, 179.6° F. Kind of
binder, water-gas pitch; laboratory No. 3410 (see p. 40). Weight of fuel briquetted,
14,400 pounds; average weight of briquets, 3.24 pounds. B. t. u. per pound of coal as
received, 13,163; per pound of briquets as fired, 13,047; per pound of binder, 16,478.
Tor analyses of briquets see page 252 (steaming test 393).

With 5.4 and 5.6 per cent binder, briquets were fairly good, but somewhat crumbly
at edges. With 6.6, 7, and 8 per cent binder, outer surfaces were very firm and smooth,
fracture coarse, but not crumbly; broken surfaces very hard. In drop test, with 7 per
cent binder, the 1-inch screen held 85.6 per cent and passed 14.4 per cent. Weathering
test: All binders exposed 222 days; condition, B. Not enough coal was furnished to
make briquets on Renfrow machine for comparative tests.

Extraction analyses.

. Briquets,
Pitch. Fuel. tost 192,

Laboratory No.....o.oooioiiiiiiiiiiiiiiaaaa. et

Ar-Arying 1088 . o oe it i

Extracted by CS,:
Aldr-dried . . ..
Asreceived.........ooooiiia. . ‘

Piteh in briquets as received
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TENNESSEF NO. 10.

Bituminous coal from a mine located 1 mile north of Orme, Manon
County, on the Nashville, Chattanooga and St. Louis- Railway, was
designated Tennessee No. 10. This coal, as worked from the outcrop
at this place, averages 5 feet 8 inches in thlckness

This sample, consisting of slack coal shipped under the supervision
of W. J. Von Borries, was used in making steaming tests (on briquets)
407 and 408, washing test 173, coking test 156, cupola tests 111 and
127, and briquettincr test 128.

Two mine samples were taken for chemical analysis. Sample
3009 was taken 2,200 feet northeast of the opening, where the coal
measured 5 feet 8 inches in thickness. Sample 3010 was taken 2,500
feet northwest of the opening, where the coal measured 5 feet 8 inches
in thickness. '

CHEMICAL ANALYSES.

Tennessee No. 10.

Steaming tests.c
Mine samples.
407. 408.

Laboratory No. . ..o i i it 3009 3010 |oeiiieieneaaan
Alr-drying 1osS. . ..o 2.00 2.00 fooeaiiii]ennnns T...
Proximate:

MOISEUTe. - v e 3.31 3.37 2.46 2.88

Volatile matter. e s .- 31.71 32.38 30.89 30.84

Fixed carbon... 51.87 53.13 51.80 49.55

Ash.......... 13.11 11.12 14.85 16.73

FS1010 0311 P 1.30 .65 1.02 .96
Ultmm.;cle

Hy rogcn

Carbon .

Nn:rogcn

Oxygen

Ash ...

Sulphur
Calorific value determined (as received) 12 Zgg

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.
Tennessee No. 10 (washed briquets).

Test 407.| Test 408.

Duration of test.... 4.72 3.87
12,667 12,272

Heating value of fuel..
Force of draft:
Under stack daImPeT. ..o aetteeereiee it raeeaeraaannenns inch water.. 0.68 0.68
ADOVE fITe. ..o do.... .18 .15
Furnace temperature............ .. ... il.. ....°F.| a],184 2,226
Dry fuel used per square foot of grate surface perhour.................. po ounds. . 18.05 19.28
Equivalent water evaporated per square foot of water-heating surface per
D 1§ R pounds.. 2.80 3.32
Percentage of rated horsepower of hoiler developed. ....... .. 78.6 093.1

Water apparently evaporated per pouud of fuel as fired 6.53 7.21
Water evaporated from and at 212° F.:
Per pound of fuel asfired .. ... ... ... . i ceee 7.58 8.38

Per pound of dry fuel.......... 7.77 8.63

Per pound of combustible..... 9. 42 10.83
Efficiency of boiler, including grate 59.24 67.91
Fuel as fired:

Per indicated horsepower hour 3.73 3.37

Per electrical horsepower hour. .. 4.61 4.17
Dry fuel:

Per indicated horsepower hour. 3.64 3.28

Per electrical horsepower hour. .. 4.49 4.05

@ Average is not representative of test. In onc-thlrd of the ohservations the temperature was too
low to be read by Wanner optxcal pyrometer.

.
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Remarks.—Tests made on English briquets, which Were broken in two before firing.
They cracked open to a depth of 1} inches, but coked and kept their shape until
entirely consumed. No smoke. Ash and clinker were brown..

WASHING AND COKING TESTS.
‘Tennessee No. 10 (1-inch slack).

Washing test 173.—Jig used, Stewart. Raw coal, 60,500 pounds; washed coal, 47,400
pounds; refuse, 13,100 pounds

Coking test 156. —Slze as used: Washed, finely crushed Duration of test, 53 hours.
Coal charged, 11,690 pounds. Coke produced, 6,900 pounds; 59.02 per cent. Breeze
produced, 757 pounds; 6.48 per cent. Total yield, 65.50 per cent. Poor coke; soft
and dense; heavy black butt; practically no cell structure; high ash.

Analyses.
Wagshing test 173. | Coking test 156.
Raw | Washed '

coal coal Coal. Coke.
MOISEUT - .« eeeeeeeeeeeeeeeeeeeennnnns R RUURRR 2.92 7.02 7.80 1.67
Volatile matter. . [ N 29.29 .81
Fixed carbon Y [N 49.32 77.81
Ash.. ... ...... e 22.74 3.75 13.59 19.71
.95 .98 1.05 .95

Cupola tests of coke ';}Lade Jfrom Tennessee No. 10 coal (washed).

CHARGE.
Coke.a ' -Divisions of charge.
e Rat Material
g tes: : Ratio aterials. Total.
Test | Specific |
No. A iron to 1. 2. 3. 4. 5.
No. vgra.vxty. coke.
- Lbs. Lbs. Lbs. Lbs. Lbs. Lbs.
Coke.......oo..nn 230 50 50 50 50 430
11 -156 1.90 7 §Pigiron .. 690 390 390 -39 . 390 2,250
Serap... 230 130 130 130 130 750
127 156 1.90|........ Coke.... 250 |

a Phosphorus in coke, 0.0390 per cent.

Remarks.—Test 111: Blast on from 10.51 a. m. for 30 minutes, at maximum pressure
of 7 ounces; no iron melted. Test 127: Coke bed put in and blast put on for 20
minutes; coke would not ignite; bottom dropped without charging iron.

BRIQUETTING TEST.

Tennessee No. 10 (1-inch slack, washed). .

Test 128.—Kind of binder, water-gas pitch; laboratory No. 3410 (see p. 40).. Weight
of fuel briquetted, 35,400 pounds. B. t. u. per pound of coal from car sample, 11,596;
per pound of briquets as fired, 11,920; per pound of binder, 16,478. The briquets
made with the three percentages of pitch (5.5, 6.5, and 6.7) were all good.

English briquets made at 175° F., average weight 3.63 pounds, with 5.5 per cent
binder, could be roughened slightly by rubbing; outer surfaces crumbled slightly

when broken. Briquets with 6 and 6.5 per cent binder could be roughened slightly -

by rubbing; outer surfaces hard and smooth; broken surfaces very hard and rough.
In the drop test of English briguets with 5.5 per cent. binder the 1-inch screen held
81.7 per cent and passed 18.3 per cent; with 6 per cent binder the screenheld 90.1
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per cent and passed 9.9 per cent; with 6.5 per cent hinder the screen held 89.1 per
cent and passed 10.9 per cent. In the weathering test all briquets were exposed
203 days, condition' B. For analyses of bnquets see page 255 (steaming tests 407
and 408).

Renfrow briquets made at 149° F., average weight 0.53 pound, with 6 per cent
binder, showed crumbly, fractured surfaces. With 6.5 per cent binder briquets were
tougher and did not break as easily, and broken surfaces were firm, but still appeared
short on pitch. In the weathering test briquets with both biuders were exposed 204
days; condition B.

Eaxtraction analyses.

Piteh. | Fuel. |Briquets,

test 128.
‘Laboratory N0 e e et
AIT-Arying 108S. . ..o percent. .
Extracte bg’ CSs: ' :
Air-dried...... ..do....

As received. .

.. Ldo...
Pitch in briquets as, received

do.t.

TENNESSEE NO. 11.

Bituminous coal from Ozone, Cumberland County, on the Ten-
nessee Central Railway was designated Tennessee No. 11. '

This sample consisted of slack coal through 1%-inch bar screen.
Tt was shipped without inspection, as additional samples of the run-
of-mine coal are to -be obtained later when an inspector will be sent
to the mine and mine samples taken. The following tests were made
on this coal: Washing test 178, coking test 160 (washed coal), and
cupola tests 144 and 179.

CHEMICAL ANALYSES.

Tennessee No. 11.

Car . Car
samnple. sample.
. 1l
Laboratory No....... . ... ... ........ 3471 || Ultimate:

Alr-drying loss........ooooiiiiiiiiiions 2.30 Hydrogen........... e 4.13
Proximate: . Carbon. . ... ... ool 59.07
Moisture. ... ..ol 3. 53 Nitrogen 1.10
Volatile mm,mn ... 20.75 OXygen..........o.iiiiiiiiiiinns 6.83
Ki)l(]ed carhon. . 3; g? Calorific value (as received): lori 5>7402

) | . : calories. . X
Sulphur .90 ‘Determined.............. B.t.u.. 10, 264
: Calculated from ulmnme{calones 5,931
analysis............... B.t. u... 10,676

WASHING AND COKING TESTS.
Tennessee No. 11 (slack).

Washing test 178.—Jig used, Stewart. Raw coal, 42,000 pounds; washed coal, 27,500
pounds; refuse, 14,500 pounds.

Coking test 160.—Size as used: Washed, fmely crushed. Duration of test, 40 hours;
coal charged, 11,890 pounds; coke produced, 7,650 pounds; 64.34 per cent. Breeze

19698—Bull. No. 332—08——17



258 . REPORT U. S. FUEL-TESTING PLANT, 190617,

produced, 550 pounds; 4.63 per cent. Total yield 68.97. per cent. Poor, dense
coke; ash very high.

Analyses.

Washing test 178. | Coking test 160.

Raw 1 Washed o . »

coal. coal. GCoal. | Coke.
Moisture.......coooeeeiiiaaa. e e 3.53 5. 60 5.29 1.14
Volatile matter. .. 20.75 |.......... . 23.61 1.60
Fixed carbon..... 47.85 ... 56. 58 80. 14
Ash............ 27. 87 13. 47 14.52 | 17.12
Sulphur. ... .90 .92 .86 .69

Cupola tests of coke made from Tennessee No. 11 coal (washed).
CHARGE.
ke, L Divisions of ch .
Cupola Coke, Flui - ivis " of charge.
test | moo |Specifie] Ratio S:g Materials. : Total.
No. ; grav- |iron to fullp 1. 2. 3. 4. 5.
. ity. coke. . i

Per ct. o Lbs. | Lbs. | Lbs. | Lbs. | Lbs. | Lbs.
oke........ 240 48 48 47 47 430
144|160 | 197 L EPREPRE {Pig iro 960 | 510| 510] - 50| 510| 3,000
Coke. . 220 53 53 52 52 430
179 160 1.97 7| 86.11 |{Pigiro © 660 398 398 | <397 397 | 2,250
Serap....... 220 133 133 132 132 750

RECORD OF MELT.

Blast ptessur'e. Weight of iron. . Melting. .| Recovered.
Cupola, If]‘;’]rf
test Maxi-| nin Addi- Rate | Ratio .
No. Onat— | o | in. D8 |Poured.| tional | Total| Time.| per [iron to| Loss. | iron. Coke.
g .| melted. hour. | coke.
. ) 0z. | Min Lbs Lbs. | Lbs. | Min.| Lbs Per ct.| Ibs.| Lbs
144 [ 1050 @. Mmoo {oooofeeiii e e e e
179 | 11.28 a. m... 6 16 424 317 741 20| 2,223 | 258 2.03 (2,189 143
.LADLE RECORD.

Test 179, Test 179.

Ladle No. - Ladle No. ’ . -
| Pounds. (g 'E?). . Pounds. |’ (:_“;I'ﬁ).
S S 84 1151 ff 4o ool TR 92 11.57
N 41 55 12.03
75 77 12.04

Remarks.—Test 144. Blast on 32 minutes; no iron melted; all pig iron used to
determine effect of sulphur. Test 179: Iron cold and sluggish.

TEXAS.
TEXAS NO. 3.
Lignite from Olsen, Milan County, on the International and Great
Northern Railroad, was designated Texas No. 3. The lignite, as

worked at a depth of 63 feet at this place, averages 6 feet 6 inches in
thickness. ' : -
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This sample was shipped under the supervision of W. J. Von Bor-
. ries. It consisted of lump lignite over a $-inch screen and was uscd
in makmg producer-gas test 93

Two mine samples were taken for chemical analysis. Sample
2562 was taken 400 feet east of the shaft where the coal measured 6
. feet 5 inches in thickness. Sample 2563 was taken 500 feet east of
the shaft, where the coal measured 6 feet 7 inches in thickness. -

CHEMICAL ANALYSES.
Texas No. 3.

Car ’ . . Car
Mine samples. | sam- Mine samples.| sam-
. ple. ple.
Lahoratory No.......... 2562 2563 2734 || Ultimate—Continued.
Air-dryingloss.......... 20,10 | 20.00 23.50 Nitrogen......oooioiiifoanais 0.90
Proximate: Oxygen..............oo oo 39.00
Moisture............ 36.01 | 35.56 [ 31.06 | Calorific value (as re-
Fixed catbone . Gee | | gyl el lories| 3,902 4,372
ixed carbon........ 3 g X ; calories| 3,962 [........ ,
Ash............0f 738| Sosa| 788 Determined Y57y %y "1 7713 |L111000 7,870
Sulphur.........0... 1 7T T8 .99 Calculated
Ultimate: from ulti-|calories.|........[........ 4,203
Hydrogen...........|oc.ooifoiiat, 6. 53 mate an-(B.t. u..|........]eeenn... 7,565
Carbon............ofeeeiiiii]innnn 44.70 alysis....

PRODUCER-GAS TEST.

' Texas No. 3 (lump).

i

Test 98.—Size as used: Over 1 inch, 61 per cent; } inch to 1 inch, 18 per cent; %
inch to } inch, 8 per cent; under % inch, 13 per cent. Duration of test, 50 hours.
Average electrical horsepower, 200.1. Average B. t. u. per cubic foot of gas, 171.8.
Total coal fired, 25,500 pounds. .

Coal as’ Combus-
firea. |Drycoal. tible.
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower:
Commercially available. ... . ... ... ... il 2.70 1.83 1.50
Developed at switchboard...... ..o o 2.55 1.73 1.50
Per brake horsepower:
Comumercially available. .. ... ... o i 2.29 1.55 1.35
Developed at engine:................. et eeceisieieaeieaaaaaa 2.17 1.47 1.28
Equivalent used by producer plant (pounds).
Per clectrical horsepower:
Commercially available. ... i 2.90 1.97 1.71
Developed at sw1tchhonrd ........................................... 2.75 1.86 1.62
Per brake horselpowel )
Commercially available. ... ... 2.47 1.67 1.46
Developed at engine. ... .....ooiieiiiii i 2.33 1.58 1.38
Amnalyses.
Gas by volume.
MoOISEUrC. e oo i 32. Carbon dioxide (CO2). ......oooieiiin... 10.3
Volatile matter e & Carbon monoxide (CO)...................... 19.8
Fixed carbon.. Hydrogen (Hao) ... . ... ... .. .cio.... 14.8
Ash............ . 3 Methane (CHy) .. ..o oooioiiiiiiaaaaan.. 2.4
Sulphur.......o......... et 5 Nitrogen (Ng).. .. 513
Oxygen (Og)... T
Ethylene (CoHy) «..oovoiiioiiiie .7
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TEXAS NO. 4.

Lignite from Hoyt, Wood .County, on the Missouri, Kansas and
Texas Railway was designated Texas No. 4. The coal, as worked at
- a depth of 45 feet at this place, averages 7 feet in thickness.

This sample was shipped under the supervision of W. J. Von Borries.
It consisted of run-of-mine coal and was used in making steaming

tests 291, 298, and 303 ; producer-gas test 92, and briquetting test 112.

Two mine samples were taken for chemlcal analysis. Sample 2635
was taken 1,100 feet southeast of the slope, where the coal measured
6 feet 6 1nches in thickness. Sample 2636 was taken 400 feet.north
of the slope, where the coal measured 8 feet in thickness.

CHEMICAL ANALYSES.

Texas No. 4.
Car Steaming tests.e
Mine samples.
sample. | g1 | 298, 303,
Laboratory No......ooviviiienneaaaannn. 2635 2636 P70 V4N I Y T
Airsdryingloss...................ooll 29.90 28.40 26.70 ..o e
Proximate: o :
Moisture. ... ...cocoiiiiiiiiiii. 36.80 34.87 33.85 36.27 36.30 33.43
Volatile matter . 28. 86 29.80 27.50 - 30. 58 30.61 37.80
Fixed carbon. . 25.14 24.90 18.17
8.01 8.19 10. 60
51 .50 68
4,33 4.32 4.31
64.02 | 63.83 63.72
1.05 1.05 1.05
17.23 17.15 17.14
12.57 12. g(gi 12.95
Ca.lorlﬁc value (as received): o !
Determined................ %ﬂ‘l%“gs‘ .
Calculated from ultimate {calorie&.
‘analysis................. B.t.u...

o Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car samp]e
STEAMING TESTS.

Texas No. 4 (run of mine).

\

Test 291. | Test 298. | Test 303.

Size as used: .
Overlinch.............. et eeieaaaaas et
‘ % inch to 1linch.. e ....do
"4 inch to % inch.
Under £ inch..... .
Duration of test.........
Kindof grate..............
Heating valueof coal.._................... B. t. u. per pound dry coal..{ 11,131 11, 09! 11,077
Force of draft: : .
Under stack damper ................................... inch water.. 0.70 0.61 0.65
Abovefire.................. e eeeaeaeeaeaan do....|oooi. .19 ()]
Inashpit................ .. .49
Furnace temperature. ... ... ... il °F.. 2,119 2,269 2,299
Dry coal used per square foot of grate surface per hour. . . .
Equivalent water evaporated per square foot of water
Per hour. ..., . . . .
Percentage of rated horsepower of boiler developed......_......... ... 89.1 104.1 96. 4
Water apparently evaporated per pound of coal as fire . X

a Too short for reliable results. . b Forced draft.
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STEAMING TESTS—Continued.

Texas No. 4 (run of mine).

Test 291. | Test 298. | Test 303.
Water ovaporated from and at 212° F.:
Per pound of coal as fired 4.40 3.75 4.60
‘ Per pound of dry coal...... 6.90 5.88 5.62
Per pound of combustible 8.09 6.86 6.99
Efficiency of boiler, including grate 59.86 51.16 49.00
Coal as fired: ’
Per indicated horsepower hour.. ... ..................... pounds. 6.43 7.5 6.15
Per electrical horsepowerhour..... ... ...................... do.... 7.94 9.32 7.59
Dry coal: Co ’
Per indicated horsepower hour............. ... do.... 4.10 4.81 5.03
Per electrical horsepower hour................. i do.... 5.06 5.04 6.22

PRODUCER-GAS TEST.

Texas No. 4 (run of mine).

Test 92.—Size asused: Over 1inch, 68 per cent; 4 inch to 1 inch, 16 per cent; 4 inch
to } inch, 7 per cent; under % inch, 9 per cent. Duration of test, 50 hours. Average
electrical horsepower, 193.4; average B. t. u. per cubic foot of gas, 156.1; total coal
fired, 24,550 pounds. ' :

Coal as | combus-
fired. |DTY €08l giple,
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: :
Commercially available. ..._..... . ... . ... .. 2. 66 1.75 1,55
Developed at switchboard...... ... ...l R, 2.54 L67| - 1.48
Per brake orseFower:
Commercially available. ...o..._..... .. .. _... el 2.26 1.49 1.32
. Developed at engine. l. ... 2.16 1.42 1.26
Equivalent used by producer plant (pounds).
Per electrical horsepower: , .
Commercially available..... 2.87 1.89 1. 67
i Developed at switchboard .. 2.74 1.81 1.60.
Per brake orsePower: N
Commercially available....... e ©2.43 1.61 1.42
Developed at engine. . ....oo.eieoiiie it 2.33 1.54 1. 36
Analyses.
X Coal. das by rolume.
Moisture. ...l 34.08 | Carbon dioxide (CO2)....................... 10.3
Volatilematter.. . .............. ... 33.15 | Carbon monoxide {CO .. 20.0
Fixed carbon.. . 25.32 | Hydrogen (Hg)...... b 15.4
Ash....... . 7.45 |*»Methane (CHy) .. 2.5
,Sulphur.............. F .49 | Nitrogen (N3)....... 51.8

BRIQUETTING TEST. ‘ .
Texas No. 4.

Test 112.—~Machine used, English. Temperature of briquets, 179.6° F. Kind of
binder, coal-tar pitch; laboratory No. 2933 (see- p. 40). Amount of binder, 5, 6, 7,
and 8 per cent. Weight of fuel briquetted, 4,500 pounds. B. t. u. per pound of fuel
as received, 11,333; per pound of binder, 15,937.

Briquets were of a brown color and full of cracks. The different -percentages of
binder had no relative effect on the firmness; all fell apart when the pitch hardened.
None was satisfactory; did not burn well. They did not swell nor crack, but gradually
disintegrated -in the fire, burning slowly with characteristic lignite sparking. In the
weathering test all briquets were exposed 75 days; condition D.
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UTAH.
UTAH NO.1.

~ Bituminous coal from prospect» on Huntington Creek, Carbon
County, was designated Utah No. 1.

Run-of-mine coal was shipped with considerable dlfﬁculty and
without, inspection from this prospect to the testing plant. ‘Tt was
furnished principally for coking tests and no mine samples were taken.
The coal was used in making producer-gas test 118, coking test 130,
cupola test 118, and briquetting test 126; also mixed with Rhode
Island No. 1 in steaming tests (on briquets) 414 and 415 (see p. 223),
coking tests 141 and 157, and briquetting test 127. -

s
CHEMICAL ANALYSES.
Utah No. 1.
Car Car
 sample. sample
Laboratory No.........o.cooooii... 3199 [| Ultimate:
Air-drying loss....... 3.80 Hydrogen...: 5.76
Proximate: Carbon. 72.32
Moisture...... 6.05 Nitrogen 1.38
Volatile matter 42.02 Oxygen.. 15.12
Kblmd carbon. . 47.29 Calorific value (as received): ) 7306
sh.o............ 4. calories ..
Sulphur. ... 155 Determined............. B.t.u.. 1315
. Calculated from _ulti- fealories.. 7,189
mate analysis......... t.u... 12,940

-PRODUCER-GAS TEST.

Utah No. 1 (run of mine).

" Test 118.—Duration of test, 50 hours.

age B. t. u. gas per cubic foot, 171.4. Total coal fired, 14,250 pounds.

Average electrical horsepower, 206.2.  Aver-

Coal as Combus-
fired. |PTY 08} Vipe,
Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower:
Commercially available....... ..o .o oo 1.46 1.38 1.31
Developed at switchboard.. .................¢ (I e " 1.38 1.30 1.24

Per brake horsepower:
Commercially available. ... ... . ... i i 1.24 117 L1
Developed at engme ................................................. 1.17 111 1.05
Analyses.
Coal. Gas by volume.

Moisture...... 5.83 | Carbon lex.lde (COy).. 8.5
Volatile matter 42. 46 | Carbon'monoxide (CO) 22.2
Fixed carbon.. 47.05 | Hydrogen (Ha)....... 157
Ash_ .. ...... 4.66'| Methane (CH,).. 2.6
Sulphur .57 | Nitrogen EH?) .......... 50.5
Bthylene (CeHy) . ....o0 o iiilll 00l .5
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COKING -TESTS.

Utah No. 1 (run of mine).

Test 130. | Test 141. | Test 157.
Size RS used . ... i ieeeaeiiecaeaaas f.c. f.c.
Duration of test e .. . 49 48
Coalcharged................... P inds. . ’ lé, gég ]%,ggg
Cokeproduco.d......A......,..............: ................... N 15,99 §§g§§

1,418 |.. X

Breeze produced o | b 73
Total yield..... ... e do.... 59. 00 55.93

Remarks.—Test 130: Dull-gray color; very finely fingered, with practically no cell
structure. Test 141: ‘Attempt was made to improve coke from Utah No. 1 by lower-
ing volatile of Utah No. 1 by addition of one-third Rhode Island No. 1 (graphitic), but
with no success. Test 157: Mixed with one-fourth Rhode Island No. 1; coke very
poor; half did not stick together; other.half very poor and finely fingered, as in
test 130, ' .

Amalyses.
Test 130. Coal, Test 157.
test
Coal. | Coke. | 141. | Coal. | Coke.
MOTStUTe. e 2.53 4.08 4. 60 1. 50
Volatile matter . 8 1.37 ) 28.43 | 35.38 1.38
Fixed carbon ......... B 88.06 | 57.52 | 53.07 86.07
Asho ool X 8.04 9.97 6.95 11.05
Sulphur. e .56 . G4 . 45 .46 .67
Cupola test of coke made from Utah No. 1 coal.
CHARGE.
Coke.a Divisions of charge.
oot Rati Material ' | motat
es Test | Specific | Fatio aterials. ) ) Total.
No. No. |gravity. 12%1]1;0 . 1 2 3 4 5
Lbs. Lbs. | .Lbs. Lbs. Lbs. Lbs.
Coke..oovvvvnnnnn 200 58 58 57 57 430
118 130 1.78 7 {I’ig iron......... 600 413 413 412 412 2,250,
. Serap............ 200 138 138 137 137 750

a Phosi)horus in coke, 0.005 petr cent.

Remarks.—Blast on at 10.41 2. m. for 20 minutes at maximum pressure of 7 ounces;
no iron melted; bed burned out. ' .

BRIQUETTING TESTS.
Utah No. 1 (run of mine).

Test 126.—Size as used: Over } inch, 1.4 per cent; 4 inch to % inch, 5.6 per cent;
s inch to 4 inch, 14.4 per cent; % inch to 4 inch, 25 per cent; through 4 inch,
53 per cent. This coal was briquetted with low percentages of binder, with the idea
of utilizing the natural resin (probably copalite) contained in the coal. With 4 and 5
per cent binder the heat in the machine would not melt the natural resin, and the
briquets were very short on binder and crumbled badly. With 6 per cent binder the
surfaces of whole briquets and of fracture crumbled. The use of a still higher per-
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centage of pitch would.improve the briquets. No drop tests were made on these .
briquets and no other regular data were obtained, on account of the small amount of
the sample.

Test 127 (with Rhode Island No. 1).—Size as used: Over }inch, 1 per cent; {4 inch to
1 inch, 5.8 per cent; 5% inch to {; inch, 9.4 per cent; 4% inch to J; inch, 26.4 per cent;
. through 5 inch, 57.4 per cent. This test was made to prove the value of briquetting
a good fuel with one that is commercially worthless. A high volatile coal low in ash
was chosen to mix with the graphitic coal. Various percentages were tried, but 47
per cent of each coal and 6 per cent binder made an entirely satisfactory bnquet
Six per cent binder made excellent briquets; outer surface smooth and polished,
and very hard; briquets broke without crumbling, and broken surfaces were smooth
and hard. TFor analyses of briquets see page 223 (steaming tests 414 and 415).

Test 126.| Test 127. - Test 126. | Test 127.
Details of manufacture: Details of manufacture—
Machine used............ Renf. Renf. Continued.
. T empemturc of briquets, Heat value per pound—
..................... 149 . 149 Fuel as received,

Biuder—-— B B.ttu.....o....... 13,151 12,259
Kind................. w.g.p. | w.gp. . Fuel as ﬁred B.tiu..|.......... 12 532
Lahoratory No. (see Binder........ do....| 16,473 16 478

P40 .l 3410 3410 Wcut;hermg test: :
Amount . ..per cent.. 4,5,6 6 Time exposed..... days.. 214 | 214
Weight of— Condition................ C B
vel briquévted,
pounds......_..... 2,000 16,000
Briquets, a verage,
pounds ............ 0.43 | | 0.5

Eaxtraction analyses.

Fuels
: Briquets,
Pitch- | Utah | R.T. | test127.
No. 1. No. 1.

Laboratory No......... ... . ............... et 3410 3199 3141 (.........

Alr-drying 108S. . o oo veie i percent..[.......... 3.80 3.4 0.80
Extracted by CSa: . . .

Adr-dried... ... oo ol 3.98 .02 6.95

i . 79.98 3.83 .02 (Cyig

UTAH NO. 2.

Bituminous coal from Coalville, Summit County, on the Union
Pacific Railroad, was designated Utah No. 2. The coal, as worked

at a depth of 295 feet at this place, averages 10 feet in thlckness.

The sample consisted of slack through a 1}-inch screen and was
shipped under the supervision of John W. Groves. It was used in
steaming tests (on briquets) 402, 403, and 404, and briquetting test
132: also mixed with' Rhode Island No. 1 in steaming test 416. (on
briquets, see p. 224) and briquetting test 133.

Two mine samples were taken for chemical analysis. Sample 3200
was taken 5,000 feet east of the slope bottom on the 500-foot level,
where the coal measured 10 feet 2 inches in thickness. Sample 3201
was taken 4,500 feet east of the slope on the 400-foot level, where
the coal measured 10 feet 7 inches in thickness.
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CHEMICAL ANALYSES.

Utah No. 2.
Car Steaming tests.s
Mine samples.
sample. | g9, 403. 404,
Laboratory No.©...vuiiiiiiiii e 3200 3201 b 21;11 1 N D
Air-drying.loss..........oiiiiiiiiiiaia.. 5.70 5.20 2,80 |oeeeei e P
Proximate: | : R
Moisture.......:oo. ol

Volatile matter.
Fixed carbon..................

Sulphur

Ultiﬁm(tie:
Tydrogen..............coooiiill.
Cm'bong. .. cee
Nitrogen..
Oxygen...
Ash

Calorific value determined (as fcalories. .
received) ...oooiiiiiiiiiaat B.t.u....

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car smnble. :

STEAMING TESTS.

2

Utah No. 2 (briquets.)

Test 402. | Test 403. | Test 404.
Duration of test, ... ... oo hours. . 6.15 2.75 10.08 .
Heating value of fuel. ... .. ... ... ... B. t. u. per pound dry fuel..| 12,636 12,791 12, 586
Force of draft: -
Under stack damper......... ... ool inch water. . 0.65 0.43 0.55
ADOVE fire. c.ei e do.... .18 .20 .22
Furnace temperature. ... .. ... .. ..o.iiioill. Ceeennn °F.. 2,054 2,253 |.ceeenn...
Dry fuel used per square foot of grate surface per hour........ pounds. . 24,83 16.28 17.19
Equivalent water evaporated per square foot of water-heating surface
163 g 10T § pounds. . 2.87 2.58 2.47
Percentage of rated horsepower of boiler developed. . ................... 80.4 72.4 69.2
Water apparently evaporated per pound of fuel as fired....... pounds.. 4.43 6.19 5.64
Water evaporated from and at 212 °F.:
Per pound of fuel asfired. ... ... .. ...l e 5.12 7.21 6.48
Per pound of dry fuel..... ) ....do.... 5.78 7.95 7.20
Per pound of combustible........ ....do.... 7.23 9.22 8.56
Efficiency of boiler, including grate. .............ooooveail .. 44.18 60. 02 55.24
Fuel as fired: . .
Per indicated horsepower hour.... .. ..................... pounds.. 5.52 3.92 4.36
b I;er lelectric&l horsepower hour................ s do.... 6.82 4.84 5.39
ry fuel: : .
y1’er indicated horsepower hour. ... ... ... ...l ~do.... 4.89 3.56 3.93
Per electrical horsepower hour......................o..o.... do.... 6.04 4.39 4.85

Remarks.—Test 402 on English briquets, from test 132 (see p. 266), which were broken
in two before firing; they burned with some flame and held together well in the fire,
with no smoke. Tests 403 and 404 on Renfrow briquets from test 132, which
burned with a medium flame and very little smoke, and disintegrated badly in the
fire. Very fine dark ash fell through the grate in large quantities, mixed with a good
deal of green coal. No clinker formed with the English briquets, and very little with
the Renfrow briquets. ) '

BRIQUETTING TESTS.
Utah No. 2.

Test 132.—This coal, sent primarily for briquetting, had all the characteristics of
lignite. il shale was sent to be used as a binder, but all efforts to use it for this pur-
pose utterly failed. The English briquets with 5 and 6 per cent binder indicated a
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shortage of pitch; outer surfaces rougli, but crumbly and porous; crumbly at fracture,
.and broken and fractured surfaces were not firm. Briquets with 7 per cent binder
showed improvement over the others, but were not satisfactory; outer surface harder,
but could be roughened by rubbing; did not break clean; fractured surfaces not hard.
In the drop test, with 6 per cent binder, the 1-inch screen held 54.4 per cent and passed
'44.6 per cent. The Renfrow briquets with 6 per cent binder were soft and showed
shortage of pitch. Those with 7 per cent binder showed improvement; broke with
crumbly fracture and broken surfaces.not firm. Eight per cent binder made good
briquets, with hard outer surface; broke clean, and broken surfaces firm. For analyses
of briquets see page 265 (steaming tests 402, 403, 404).

Test 183.—In this test Rhode Island No. 1, the only available high-volatile coal, was
chosen in order to supplement the data of test 127 (p. 264). Test 133 was not success-
ful, as coal showed characteristics of lignite, both in briquetting and hurning. The

mixture contained 47 per cent of each coal. - Briquets with 6 per cent binder were

-tough and hard; oiter surface smooth and very hard, the fracture rough, but clean
and firm. No drop tests were made. For analyses of briquets see page 223 (steaming
test 416). ‘ .

Test 132. Test 133.
Size as used: N
OVer 2iNCh. ..ot 0.8 1.2
feinchto%inch............ ...d 8.0 6.0
oy inch to ¢ inch 21.4 19.2
inch to 4y inch . 29.8 25.6
Under gsinch. ... ... 40.0 48.0
Details of manufacture:
Machine used....... e e e et Eng. Renf. Renf.
Temperature of briquets. ... ... ... oo, °F.. 175 149 149
Binder: : )
5 T U w.g2.Pp.| W.8.P. w.g8.D.
3,410 |. 3,410 3,410
Amount. ... ... per cent.. 6,7,8°| -. 56,7 6
‘Weight of— . :
Fuel briquetted....... ... ... ... pounds..| 29,000 29,000 37,000
Briquets, average. . .......ooooiiiiiiiiiiii i do.... 3.03| - 0.4 0.52
Heat value per pound—
Fuel asTeceived . ... .. i i it B.t.u..| 10,697 10, 697 11,032
Fuel as fired ...do....| 11,180 11,180 11, 527
Binder. ... do....| 16,478 16,478 16,478
Weathering test: ' .
THmMe eXPOSEA . . oottt ittt e aaan days.... 190 190 190
Condition................. e e e s D. C. E.
Extraction analyses. ‘
Fuel. Briquets.
=N N g
Piteh. | yan R. 1. Test Test
No.2. | No.1l. 132. 133.
Laboratory No. .. ... oo 3410 3259 3141 [oooei e
Air-drying loss.......... e percent..|.......... 2.30 3.40 1.60 1.40
Extracted by CSs: -
Air-dried. . ... SO P, .27 .02 4.69 6.15
As received ...do.... 79.98 .26 .02 4.61 6.06
- Pitch in briquets as received................. [« (R S PR 5. 46 7.54
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VIRGINIA.
VIRGINIA NO. 5.

Anthracite coal from the bed known as the “Big seam” (Brush
Mountain field) 10 miles west of Blacksburg, Montgomery County,
was designated Virginia No. 5. The coal, as worked from the outcrop
at this place, averages 7 feet 8 inches in thickness.

- Two samples were shipped under the supervision of R. T. Carroll,
Virginia No. 5 A consisted of pea coal, and was used in steaming tests
476 and 482 and producer-gas test. 154. Virginia No. 5 B consisted
of 10 tons of slack coal, and was used in steaming test 494 (on bricuets)
and briquetting tests 187+ and 188. '

“Two mine samples were taken for chemical analysis. Sample 4092
was taken 750 feet south of the opening, where the coal measured 7
feet 10 inches in thickness. Sample 4093 was taken 15 feet away,

-where the coal measured 7 feet 6 inches in thickness.

CHEMICAL ANALYSES.

Virginia No. 5.

Car samples. Steaming tests.e
P g Briguet-
Mine samples. A. B. g}‘;%
A B 1871.b
476, 482. 494,
Laboratory No.................... 4092 4093 4287 4204 1o 4417 4545
Air-drying loss.....cooiiiiian... 3.10 2.40 4.10 % [V IR PR [N P
Proximate:

Moisture ... 3.51| 2.98 4.80| 7.52| 4.73 4.60 5.02 4.52

Volatile matter J 11,06 |- 10.94 | 10.12 | 10.20 | 11.64 | 11.51 | 15.52 14.28

Fixed carbon 67.79 1 64.14 | 67.05| 65.96 [ 65.05 | 066.51 [ 64.51 05.93

Ash.... 18.03 | 16.23 | 18.58 | 17.38 | 14.95 15.27

Sulphur 63 .65 .67 .60 84 79
Ultimate: :

Hydrogen.....coeeeeeeeneneeid]oeeieeedeenannn. 3.91 4.37 3.53 3.58 3.66 3.68

arbon. ... ...l 69.27 | 69.05| 72.22 | 73.45| 75.82 76.17

Nitrogen...........coooeecoc oo 66 .69 .69 70 . .81

D.0’7:(5) ¢ DA R PR 7.50 9.01 3.36 3.42 3.02 2.51

sh...... ) 19.50 | 18.22 | 15.74 16.00

Sulphur..... e o P .70 63 . .83

Calorific value deter- {calories. c..| 6,483 | 6,645 | 6,007 {...o...eeiiiiii|iieeeiiitiieiaaa..

mined (as received).. .\B. t.u...|........ 11,669 | 11,961 | 11,898 |....oo.]eenneais]mmenaa]anennanans

eProximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.
b Proximate analysis of fuel as received; ultimate analysis on dry basis.

STEAMING TESTS.
Virginia No. 5.

A. " B.
Test 476. | Test 482. |Test 494.a
Size as used: . .
[0 53 o T e To) v 4.0 2.1
inch to linch........ 31.1 23.0
4inch to 3inch........ 37.7 36.4 (pSeep.268.
Under tinch.......... 2.72 38.5
Average diameter 0.53 0.45
Duration of test............. .- 9.40 6. 53 7.00
Heating value of fuel................o..o... B. t. u. per pound dry fuel..| 12,472 12,679 13,122

e On briquets, equal weights from tests 187t and 188.
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STEAMING TESTS-—Continued.

Virginia No. 5.

=&

A. B.
. ) Test 476. | Test 482, | Test 494.
Force of draft:
Under stack damper. 0.83 0.63 0.84
"Above fire. . .22 1.03 .20
In ash pit a. 32 08 f.aii.o...
Dry fuel used per square foot of grate sur: per hour.. ....p 22.74 35.31 20.07
Equivalent water evaporated per square foot of water-he -

223 2 T ds.. 3.56 5.27 3.58
Percentage of rated horsepower of boiler developed. ..... : 99.7 147.7 100.4
Water apparently evaporated per g)ound of fuel as fired 6.20 . 5.89 7.02
Water evaporated from and at 212° F.: ’ .

Per pound of fuel asfired..... .. ... ... ... ool do.... 7.46 7.13 8.48

Per pound of dry fuel.... .do.... 7.83 7.47 8.93

Per pound of combustible. ... ...do.... 10.77 9.67 |- 11.05
Efficiency of boiler, including grate... ... ...................L per cent. . 60. 63 56.90 65.72
Fuel as fired: . .

Per indicated horsepower hour 3.79 3.97 3.

Per electrical horsepower hour 4.68 4.90 |- 4.
Dry fuel: :

Per indicated horsepower hour 3.61 3.79 3.17

Per electrical horsepower hour 4.46 4.67 3.91

a During the last two hours.
PRODUCER-GAS TEST.
Virginia No. 5 A (pea).

* Test 154.—Duration of test, 30 hours. Average electrical horsepower, 199.6. Aver-
age B. t. u. per cubic foot of gas, 160.7. Total coal fired, 7,950 pounds.

Codl as Combus-
- fired. |DTycoaly “gipje
Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower: ' ' .
Commercially available. ........... ittt 1.37 1.33 1.08
Developed at switchboard. ....... ... oo 1.33 1.29 1.04

Per brake horsepower:

Commercially available................ R, e . eeerieaens 1.17 1.13 .92
Developed at engine..........c....... e e 1.13 1.09 .89
Equivalent used by prod: plant (pounds).

Per electrical horsepower: .

Commercially available.. .. ... . ... ... .l 1.49 1.44 117
Developed at switchboard........... ... . ...l 1.44 1.39 1.13

Per brake horsepower: ) . .
Commercially available. 1.27 1.22 .99
Developed at engine.... ’ .22 - 1.18 .96

Analyses. >
Coal. Gas by volume.

MOISEUT® . .-+ eoceencneeienanicenaaennnns 3.34 | Carbon dioxide (CO)........... e 10.2

Volatile matter. .. 11.28 | Carbon monoxide (CO)... ... 19.1.

Fixed carbon. . .. 67.24 | Hydrogen (He).......coooooiiiiii s 20.5

Ash....... .... 18.14 | Methane (CH4)..................oo.L. 1.9

Sulphur......cooooiiiiiii L75 | Nitrogen (Ng)o.oooreeeroaeenraeneeacananans 48.2

. Ethylene (CoHy).oouereniieeiiiiiiia .. .1
BRIQUETTING TESTS.

Virginia No. 5 B (slack).

Tests 1871 and 188.—Size as used: Over % inch, 0.6 per cent; {4 inch to'} inch, 8.8
per cent; 4 inch to 5 inch, 23.6 per cent; 4 inch to 4 inch, 27.6 per cent; through
g inch, 89.4 per cent. A very hard, nonporous briquet was made with 6 per cent

.
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binder on the English machine. Renfrow briquets-with 7 per cent binder stuck
together in piling, showing excess of pitch; otherwise these briquets were satisfactory.
This is an exceptionally good briquetting coal, requiring but a small percentage of
binder and making briquets with firm, smooth outer surfaces, sharp edges, and char-
acteristic glossy fracture. For analyses of briquets see page 267 (briquets from.test
188 under steaming test 494)."

Test Test : 1 mest Test

1874 188, 187+ 188.
Details of manufacture: . ! Dro%test (1-inch scrcen) .
Machine used............ Renf. Eng. || Held.......... per cent. . 78.5 85.7
Temperatures of bri- N Passed............ do.... 21.5 14.3
quets.............. °F.. 185 185 || Tumbler test (1-inch screen):
Binder— Held........... percent..[ = 94.0 89.3
Kind................. W.8.P| W.8. D Passed Sﬁues) ..... do.... 6.0 10.7
. Laboratory No. (see . Fines through 10-mesh
P.40) .l 4543 4543 sieve ....... per cent .. 96.9 79.1
Amount. ..per cent.. 7 6.25 || Weathering test: ’
Weight of— Time exposed. ....days.. 10 [}
uel briquetted, Condition................ A. A.
pounds............. 8,000 | . 4,000 || Water nbsorptxon
Briquets, average, In 19 days..... per-cent. . 14.8 12.6
pounds ............ ©0.457 411 Average for first 5 days,
Heat value per pound-- ercent................ 2.0 1.12
Fuel as received, Specific gravity (apparent).. 1.182 1.209
B.t.u .. 11,893 11,893
Fuel as ﬁre L 12,5420 12,463
Binder........ eeeo| 16,969 16 969
: 7
Extraction analyses.
Briquets.
g o —
) Pitch. Fuel. Test Test
| 1874 | 188
Laboratory No.. ... e 4543 4294 4545 4417
Alr-drying 1088 . . oo eeerii i percent..|.......... 7.10 3.60 |- 4.10
Extracte CSyg:
Alr-dne(f ........................................... [< (T P .29 6. 47 5.99
As received .. 99. 66 .27 6.24 5.74
Pitch in briquets as received PO PO 6.01 5.51

VIRGINIA NO. 6.

Bituminous coal from the bed locally known as No. 4, 5 miles
northwest of Richlands, Tazewell Céunty, on the Norfolk and West-
ern Railway, was designated Virginia No. 6. The coal, as worked
from the outcrop at this place, averages 5 feet 4 inch in thickness.

One sample, shipped under the supervision of John W. Groves,
consisted of run-of-mine coal and was used in steaming test 507,
‘producer-gas test 160, washing test 198, and coking tests 181 (raw)
and 184 (washed coal).

Two. mine samples were taken for chemical analysw Sample
4304 was taken 2,000 feet southeast of the opening, where the coal
measured 5 feet 5 inches in thickness.. Sample 4305 was taken 1,600
feet east of the opening, where the coal measured 4 feet 8 inches in
thickness.
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- K CHEMICAL ANALYSES.
Virginia No. 6.

. - Car Steaming
Mine samples. | somiple. | test 507.6
Laboratory No...... e e 4304 4305 4573 1. ...l
Ar-drying 10SS. .ot 2.40 1.90 5.00 [coveunnnn.,
Proximate: :
MoOIStUTe. . oo 3.03 2. 60 5. 62 3.78
Volatile matter. 25.82 24.47 23.07 23.08
. Fixed carbon. 66.53 68.45 - 6. 52 63.85
Ash... .. ... 4.62 4.48 9.79 9.29
LS 10130 ¢ L b R 1.70 1.35 1.21 1.16
Ultimate:
Hydrogen. . ...cv.eeeo i ieea i ieena e e ceee e 4.45
[07:3 401+ )« SO PO . 8.41
A (0 =43 o O 1.35
(033 - RS R 4.93
7 £ M) 9.65
Sulphur.... 1.21
Calorific value determined (as received)............ . li (15% s

e Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.,

STEAMING TEST.
Virg’inia No. 6.

Test 507.

Size as used: .

Over 1 inch.. 13.5

4 inch to 1in 9.0

% inch to 4 inch 61.2

Under % inch .46

Average diameter . .. 8.87 -

" Duration of test. ... hours.. 8.87

Heating value ofcoal................ e et B. t. u. per pound dry coal.. 14,177
Force of draft: .

Under stack damper. . ...o.iiiiimmii el inch water.. .87

ADOVE fITO. L. e e do.... .05

Tnash DIt . L e do.... .24
Dry coal used per square foot of grate suriace perhour... . ... ... ...l pounds. . 20. 59
Equivalent water evaporated per square foot of water-heating surmcc per hour..... do.... 3.63
Percentage of rated horsepower of boiler developed. ... .. ... . i iiiiiiiiiiiiiiat 101.8
Water apparently evaporated per pound ofcoalasfired........................... pounds.. 7.
Water evaporated from and at 212° F.: -

Per pound of coal as fired...... 8.49

Per pound of dry coal..... 8.83

Per pound of combustible. . 10. 30
Efficiency of boiler, including grate. 60.15
Coal as fired: .

Per indicated horsepower hour. 3.33

Per electrical horsepower hour. 4.11
Dry coal: .

Per indicated horsepower NOUL . .. ... ...t it do.... 3.20

Per electrical horsepower hour...................... ¢ e do :.. 3.95

N

PRODUCER-GAS TEST.

Virginia No. 6 (run of mine).

Test 160.—Duration of test, 50 hours. Average electrical horsepower, 193.1.  Aver-
age B. t. u. per cubic foot of gas, 138.1. Total coal fired, 11,000 pounds.
Coal as Com-
fired. | DT €08L pugtite.
Coal consumed in producer per horsepower hour (pounds). ... !
¢ [
Per electrical horsepower:
Commercially available................ e et 1.18 1.12 1.00
Developed at switchboard. ... ... ... i 1.14 1.09 .97
Per brake horsepower: I
Commercially available. . ... | 1.00 .95 .85
Doveloped & eNgINe. . .. ocenennenm e iaaeae e eaaeeaaes | .97 .92 .83
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PRODUCER-GAS TEST—Continued.

Virginia No. 6 (run of mine).

271

Coalas Com-
fired. Dry coal. bustible.
Equivalent used by producer plant (pounds).

Per electrical horsepower: .
Commercially available....... ..o .. ..o i 1.29 1.23 1.10
Developed at switchboard. ... .. ..o 1.25 1.19 1.07
Per brake horsepower: . )
Commercially available. ........cooooiiiiie i 1.09 1.05 .93
Developed atengine. .. ... .. 1.06 1.01 .01

Moisture. . ....oouiiii i

Volatile matter.
Fixed carbon. ..

Sulphur. ..o

Test 198.—Duration of test, 14 hours.
used, special; speed, 70 r. p. m.; stroke, 2% inches.
coal, 6.75 tons, 81 per cent; refuse, 1.56 tons, 19 per cent.

Analyses.

Gas by volume. '

Carbon dioxide (COg)
- Carbon monoxide (CO)
. 62.64 | Hydrogen (1)
10.08 | Methane (CH,).
1.59 | Nitrogen (Nj)..
Ethylene (C:H,)

WASHING TESTS.

Virginia No. 6.

Size as used, through l-inch screen. Jig
Raw coal, 8.31 tons; washed

Analyses.
. Agh.
: Sulphur
Sample tested. Lab. No. 11\;{]()::- Percent | (per
* |Percent.| reduc- | cent).
tion.
Raw coal,earsample...........oooiiiiiiiiaenaiaa. 5.62 9.79 |eeennn... 1.21
Washed coal, test 198. . 6.36 4.38 57 1.30
RefuSe. ¢ et 3.64 63.98 [.......... 6.15
Float and sink tests. .
Percentage Analyses.
of float—
Size Specific Sink Ash. Sulphur.
No. of test. used %fr;:)’lfx To (per 1’ N
(inch). | To | total | cent). | rer . Per
tion used) o Per | cent | Per | cent
reluse. | sam- cent. | reduc- | cent. | reduc-
ple. ‘ tion. tion.
Onraw coal (preliminary):
1 3 L35 ..., 84 16 2. 60 54 .95 21
b 1.40 ... 8 15 2.98 |- 48 .92 24
4 1.45 . ...... 85 15 3.44 42 .95 21
4 .53 | ...... 87 13 3.53 41 .97 20
1.35 | 15.30 290 |........ 4.80 [........
1.41( 15.75 2,99 ... ... 5.35 |.co.o..
1.45( 15.90 | .3.02 |........ 5.62 [........
.51 19.25 3.65 [........ 9.31 |oenen.

a Figures indicate that finer crushing is advantageous. It will be noted that in the washing test the

sulphur shows a higher percentage in the washed coal than it did in the raw coal.

This is caused by the

reduction of the ash being so much greater than the reduction of the sulphur that the resulting per-
centage of the sulphur to the washed coal is higher than that of the original sulphur to the raw coal. By

formula Y::ﬂ, it is found that 13 per cent of the sulphur in the raw coal was removed in washing.

[4

Loss of ““good coal’’ in the refuse will not exceed 2.2 per cent. By “good coal” is meaut all coal of a
quality equal to or better than that of the washed coal.
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COKING TESTS. . .

- Virginia No. 6 (run of mine).

Test 181 | Test.184
(raw). (w.).

SiZ6 A8 USCA . . . . oot f.c. f. c.
Duration of test......: 50 48
Coal charged........ 12 gslyg 1}; 188

, 15

Cokeproduced. ...... ... ; 6,12%9 55.01
. : : pounds .. 7 191
Breeze produced. . ....... e e e e e e i or cent. . 9 45 178
Potal Field. ...t ateieeaiaeaaaaaas do.... 63.84 56.71

Remarks.—Test 181: Light gray coloi'; dense coke; breakage very itregulaf. Test
184: Light gray and silvery; good strong coke; washing reduced ash and sulphur.

Analyses.
Test 181. |  Test 184.
Coal. | Coke. | Coal. | Coke.
Moisture.........................4.._,.........._..‘- ................... 5.05 0.38 5.48 0.24
Volatile matter... ... ... ... il 22.95 1.35 | 24.77 .32
leed CarboOn. ... . it 62.11 | 86.05 | -64.96 93.73
....................................................... 9.89 | 12.22{. 4.79 5.71
Sulphur ............................................................... 1.49 1.44 1.45 1.24
WASHINGTON.

WASHINGTON NO. 1.

Subbituminous coal from Renton, King County, on the Seattle and
Tacoma electric line, and also on a branch of the Great Northern Rail-
way, was designated Washington No. 1. The. coal is reached by a
slope at this place.

These samples were shipped under the superwsmn of M. R. Camp-
bell, as follows: Washington No. 1 A consisted of pea coal and was’
used in producer-gas test 90. Washington No. 1 B consisted of run-

of-mine coal, and was used in steammg test 200 and producer-gas tests
89 and 94.

Two mine samples were taken for chemical analys1s Sample 24;55
was taken 2,400 feet south of the slope and 4,300 feet from the mouth
of the mine. Sample 2456 was obtained 150 feet from the slope and
2,300 feet from the mouth of the mine.

CHEMICAL ANALYSES. ' .

Washington No. 1.

N Steamin

Mine s:l,mples. Car samples. test 2905

Laboratory No...... ... 2455 |. 2456 2687 2686 |..........

Air-drying loss _........... ..., et 9 90 12.90 | . 10.70 9.60 |..........
Proximate:

Moisture. ........ 16.18 17.97 |- 16.04 14.30 . 15.96

Volatile mn.tter. . 35.65 35.13 31.39 33.03 34.53

leed carbon. . 39.31 39.12 41. 04 41. 30 37.43

.............. 8.86 7.78 11.53 11.37 12.08

Sulphur ........................................ .46 .43 .61 .72 .58

o Proximate analysis of fuel as fired.
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CHEMICAL ANALYSES—Continued.

273

19698—Bull. No. 332—08——18

- Washington No. 1.
Mine samples. Car samples. ?é.:éuz%n%
Ultimate:

....................................... 4.77
............................ 66. 09
............................ 1.34

......................................... 12.74
............................................. 14. 37
........................................ .69
{cnlorics. Joooaoo 5,689 5,521 [ 5,671 |..........
B.t.u...l..........| 10,006 | 9,938 | 10,208 [..........
Calculated from ultimate analysis.. {%al(t)rlgs
aUltimate analysis of dry fuel figured from car sample.
STEAMING TEST.
Washington No. 1 B (run of mine).
- Test 290.
Size as used:
OVer LiNCh. .. e 38.9
4 inch to 1 inch 23.9
4 inch to } inch 14.
Underdinch........oooiiiiiiiiiiiiianaaan .. 22.
Durationof test. .. ... ... L .. 10.0
Heating value of coal, . ..o ...oo i B. t. u. per pound dry coal. . 11,772
Force of draft:
Under stack AaMPET. .. .oo.t i i inch water.. 0. 59
ADOVE fITC. ... e e do.... .12
Furnace temperatilre. . . . ... .. i °F .. 2,047
Dry coal used per square foot of grate surface per hour........... et .pounds.. 19. 63
Equivalent water evaporated per s%lmre foot of water-hea do. 2.92
Percentage of rated horsepower of boiler developed. . .. 81.8
Water apparently evaporated per yound of coal as fired 5.22
Water evaporated from and at 212° IF.:
Per pound of coal as fire@. ... .o el 6.25
Perpound of Ary COal. ... .o ittt aeanaan 7.44
Per pound of combustible.. ... .. e do.... 9.26
Efliciency of boiler, including grate. ... i per fent.. 61.03
Coal as fired:

Per indicated horsepower hour. .. ... oo e e pounds. . 4,52

Per electrical horsepower hour. ... ... ... i i do.... 5.59,
Dry coal: ~

Per indicated horsepower hour. . ... i do.... 3.80

Per electrical hoTSePOWET NOUT. ...ttt aeiieeaeeaa do.... 4.69
) PRODUCER-GAS TESTS.

Washington No. 1.
A B.
Test 90. | Test 89. | Test 94.

Size as ShIPPed.. .. ..ot Pea. | r.o.m.| r.o.m.
Size as used: . . . .

Over 1inCh. ... e per cent.. 9 45 68
inchtolinch.. ... ... .. .. ... . ... do.... 35 10 10
inchtodinch. .. ... .. . .. .. i do.... 31 15, 9

Under4inch............. ...do.... 25 30 13

Duration of test.......... ... hours.. 40 40 14
Average electrical horsepower. .. .. ... ... .. il 144.2 156. 2 195.6.
Average B. t. u. percubicfoot of gas.......... ... ...l 145.9 159.2 144.1
Totalcoal fired.......oooooiiiiii i pounds..| 18,900 16, 450 6,550
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PRODUCER-GAS TESTS—Continued.
Washington No. 1.

[ ]
® =1

Test 90 (A.) Test 89 (B). Test 94 (B).
Coal | Com-| Coal Com-| Coal Com-
as 33 bus- | as 3;{ bus- | as é()); bus-
fired. * | tible.| fired. * | tible.| fired. * | tible.
Coal consumed in producer per horsepower
hour (pounds).
Per electrical horsepower: -
: Commercially available................... 3.53 [2.96 | 2.51 | 2.83 (2.37 | 1.99 | 252|212} 1.
Developed at switch board............... 3.28 12.7512.3412.63 |2.21 | 1.8 |2.39(201| 1
Per brake horsepower: : .
Commercially available_.............0.... 3.00 12.52|2.1412.40 | 2.01 | 1.69 | 2.14 | 1.80 | 1.50
Developed at engine...................... 2.79 (2.3411.99 224 |1.81.58(203|1.71 1.43
Equivalent used by producer plant (pounds).
Per electrical horsepower: ’
Commercially available................... 3.71 (3.11 |1 2.64 |3.03 |2.54|2.14(273|229| 191
Developed at switch board............... 3.4412.89 | 2.45(2.82 237199259217 | 1.81
Per brake horsepower:
Commercially available................... 3.15 12.64 | 2.24 257 {216 1.81 | 2.32]1.94| 1.62
Developed at engine...........o..o....... 2.93 |2.45]2.08)2.40 |2.01 [1.69{2.20|1.85| 1.54
Analyses.
Test 90. | Test 89. | Test 94. Test 6J. | Test 89. | Test 94.
Coal. ) Gas by volume.
Moisture............ 16.17 16.21 16.02 || Carbon dioxide
Volatile matter..... 34.00 34.07 33.27 (COg) e gen 11.3 13.4 12.6
leed carbon....... 37.27 36.35 36.81 || Carbon monoxide
Ash.. ... 12.56 | - 13.37 13.90 CO).eeeeii 15.4 14.5 13.9
Sulphur............ .53 .58 .59 || Hydrogen (Hs)..... 10.5 16.7 12.8
Methane (CH,)..... 3.6 3.8 2.6
Nitrogen (N3)...... 59.2 51.6 57.4
Oxygen (Og)....... - .0 .0 .2
Ethylene (CgHa)....loocooiifiiiioi. .7

WASHINGTON NO. 2.

Bituminous coal from Roslyn, Kittitas County, on the Northern
Pacific Railway, was designated Washington No. 2. The coal is
worked at a depth of 625 feet at this place.

The sample, consisting of lump coal loaded under the supervision
of M. R. Campbell, was used in steaming tests 359, 360, 361, and
(on briquets) 412; producer-gas test 112; coking test 135; cupola tests
97 and 134; and briquetting-test 125.

- Two mine samples were taken for chemical analysis. Sample
2457 was taken about 6,000 feet from the mouth of the mine. Sam-
ple 2458 was taken about 2,000 feet from the foot of the shaft.
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CHEMICAL ANALYSES.
Washington No. 2

Car Steaming tests.e
Mine samples. sample.
T 3s50. 360. 361. 412.
Laboratory No................ 2458 2457 B098 [aeeeeeifoeeiai e
Air-drying loss................ 1.30 .90 1 S R
Proximate:
Moisture................... 3.39 3.36 3.16 3.16 3.61 3.59 2.66
Volatile matter. . .. 37.34 36.15 36.49 36. 49 35.63 35.97 37.39
Fixed carbon... 48.88 46.58 48.09 48.09 48.95 48.85 48.89
sh.......... .. 10. 39 13.91 12. 26 12.26 11.81 11.59 11.06
Sulphur................. .33 .36 . .38 .38 .39 W37 .39
Ultimate: .
4.96 4.98 4.99 4.86
71.62 71.95 72.16 73.02
1.28 1.29 1.29 1.48
9.09 9.12 9.15 8.88
12.66 12,25 12.03 11.36
. Sulphur . 39 41 .38 40
Calonﬁc vulue (as rcceanc ): 7137 6,992 .
calories. . P . A 3
Determined. ... {B. ST TR 12, 586
Calculated from
ultimate anal- culorles .................... 12’3;2
pi:1T: R Ead e IS R 4

a Proximate analysis of fuel as fired; ul;;ima,te analysis of dry fuel figured from car sample.
STEAMING TESTS.

Washington No. 2 (lump).

Test 359. | Test 360. | Test 361. | Test 412.

Size as used:

Over1inch.....oceeiiiiiiiiiiiiiiiianneia.. per cent.. 20.9 41. 4 33.5

dinchtolinch.... ... i, do.... 21.3 22.3 22.8 Seep. 277

}inch to 4 inch. et eeeeeeeaeeaa, Sldollll 18.0 15.3 15.8 D.

Under $inch................. _.do.... 39.8 21.0 27.9 .
Duration of test N hours. . 10.0 10.05 10.0 9. 47
Heating value of fuel............ B. t. u. per pound dry fuel..| 12,996 13,059 13,095 13,243
Force of draft:

Under stack damper....... R, inch water.. 0.60 0.67 0.68 0.63

Abovefire............ do.... .13 .12 .12 11

Jfurnace temperature 2,362 2, 160 2,405 2, 155

Dry fuel used pgr square foot of grate surface per houl,'

POUNAS. .. e, 19.83 22.69 21.92 19.78
Equivalent water evaporated per square foot of water-heat- .
ing surface perhour..... ... .. ...l pounds. . 3.47 3.86 3.82 3.54
Percentage of rated horsepower of boiler developed............ 97.4 108. 4 107.1 99.3
Water apparently evaporated per pound of fuel as fired,
020108 0T £ R 7.13 6.93 7.08 7.49
Water evaporated from and at 212 ©
Per pound of fuel asfired....................... 8.50 8.23 8.42 8.74
Per pound of dry fuel...... do.... 8.78 8. 54 8.73 8.98
Per pound of combustible 10.27 9.86 10.07 10.22
Efficiency of boiler, including grate 65.25 63.15 64.38 65. 48
Fuel as fired:
Per indicated horsepower hour. 3.33 3.44 3.36 3.24
Per electrical horsepower hour.. 4.11 4.24 4.15 3.99
Dry fuel: .
Per indicated horsepower hour. s 3.22 3.31 3.24 3.15
Per electrical horsepower hour................. ... e 3.98 4.09 4.00 3.89

Remarks.—Test 412 on briquets.” English briquets burned very freely and cracked
open to a depth of 2 inches, but coked and held together well. Renfrow briquets
made a hotter fire than the others, probably owing to the fact that they were small
and made a more compact fuel bed. The different percentages of pitch do not affect
the burning qualities. No smoke. Refuse: Clinker was heavy and was brittle when
hot, and slightly porous. Ash was heavy and of a reddish-brown color.
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PRODUCER-GAS TEST.
Washington No. 2 (lump).

Test 112 —~Duration of test, 35 hours. Average electrical Horsepower 195.7.
Average B. t. u. per cubic foot of gas, 163.6. Total coal fired, 9,300 pounds.

Coal Com-
asfired. |PTYCORL |y gtiple,
Coal consumed in producer per horsepower hour (pounds).
Per electrical horsepower: ’
.Commercially available 1.44 1.38 1.18
Developed at switchboard 1.36 1.30 1.12
Per brake horsepower:
' Commercially available 1.22 1.17 1.00
Developed at engine 1.15 L1 .95
Equivalent used by producer plant (pounds).
Per electrical horsepower:
Commercially available..... 1.52 1.46 1.25
Developed at switchhoard 1.44 1.38 1.18
Per hrake horsepower:
Commercially available......... 1.29 1.24 1.06
Developed at engine................ 1.22 1.17 1.01
Analyses. , .
-Coal. ' ) Gas by volume.
"MOISEUTe. . .v e iee e 4.01 | Carbon dioxide (CO2) .. ...ocoviernannaa.. . 7.9
Volatile matter.’ . 34.61 | Carbon monoxide(CO). ..............ooiioo. 22.2
Fixed carbon .. . 47.49 | Hydrogen (Hsz) ... ...o.oiiiiiiivanean.., 15.4
Ash.......... . 13.89 | Methane (CHy) . oo e 2.6
Sulphur. .. .....ooooiiiiiL, s .38 | Nitrogen (Ng) . .oooniiiiiioiniiiiiinaaan 51.5
‘ . Ethylene (Coldq) . ..ol 4

COKING TEST.

Washington No. 2 (lump).

Test 185.—Size as used: Raw, finely crushed. Duration of test, 36 hours; coal
charged, 10,000 pounds; coke produced, 5,477-pounds, 54.77 per: cent; hreeze produced,
444 pounds, 4.44 per cent. Total percentage yield, 59.21. Light gray, with deposit
of carbon; fingered and brittle. Ash should be lowered and coke probably otherwise
improved by washing.,

Analyses. '
»
Coal Coxke
Moisture....... I S e 3 1.02 -
Volatile matter.. .......... . 2.10
Fixed carbon............... . f = 77.53
Ash........ . 5 19.35
Sulphur R 4 .44
Cupola tests of coke made from Washington No. 2 coal.
CHARGE. :
‘ ~ Cokee Fluid- * " Divisions of charge.
Cupola it - —
test | st Specific| Ratio str}i’ Materials. . Total.
No. No. | Brav- |ironto fullp 1. C 2 3. 4, 5.
. ity. | coke. : .
Per ct. Lbs. Lbs. Lbs. | Lbs. | Lbs.
’ . 60 60 6O 60 430
97 135 1.90 71 9L60 420 420 420 420 | 2,250
140 140 140 140 750
58 58 57 57 430
134 135 1.90 7| 97.22 413 413 412 412 [ 2,250
. - 138 138 137 137 750

& Phosphorus in coke, 0.0847 per cent.
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Oupola tests of coke made from Washington No. 2 coal—Continued.
~ RECORD OF MELT.

Blast pressure. Weight of iron. Melting. Recovered.
.| Iron
Cupola)  Tun- - A
test Maxi ; Addi- Rate | Ratio
No. On at— axi-| DINZ |poyred, tional |Total.| Time.| per | iron | Loss. |Iron.|Coke.
mum. o melted. Hour. (tocoke
0z, | Min. | Lbs. | Lbs. | Lbs. | Min.| Lbs. Per ct.| Lbs. | Lbs.
97 [ 9.4l a. m... 7 9 903 299 | 1,202 29 12,4871 3.03| 896,529 | 33
134 | 427 p.m.. 7 7 1,411 365 | 1,776 30 {3,552 446 3.40 (1,112 32
LADLE RECORD.
Test 97. Test 134. Test 97. Test 134,
Ladle No. : : LadleNo. ‘- X

Time Time Tp Time o, Time

Poundg._ (a.m.). Pounds. (p.m.). . Pounds. (8. m.). Pounds. (p. m.)

......... 24 9.53 78 443 012........ 51 10.13 73 4,55
. .. 36 9. 56 30 4434 13........ 55 10. 135 68 4.55%
8 10. 00 80, 4.46 72 4.57
91 10. 04 44 4, 463 4.57%

96 10. 043 78 4.48 107 4.58

17 10. 05 41 4. 48} 79 4,59

58 10. 08 73 4. 49 21 5.00
76 10. 09 98 4,50 56 5. 01%

64 10. 10 26 4. 50% 59 5.02

0.. 59 10, 103 88 4513 88 5.04

lo.o...... 60 10:12 84 4.53

= D 00~ S Ol WO B

Remarks.—Test 97: Iron cold. *
BRIQUETTING TEST.

Washington No. 2 (lump).

Test 125.—Size as used: Over % inch, 2.4 pel cent; % inch to } inch, 11 per cent;
o inch to ¢4 inch, 19.6 per cent; % inch to 1nch, 26.2 per cent; through 5 inch,
40.8 per cent. Kind of binder, water-gas pitch; "laboratory No. 3410 (see p. 40).
Weight of fuel briquetted, 12,000 pounds. B. t. u. per pound of coal as received
12,586; per pound of briquets as fired, 12,890; per pound of binder, 16,478.

Lnglish briquets, average weight 3.24 pounds, proved that 5.5 per cent binder
was insufficient, as shown by general lack of cohesion at edges and surfaces of whole
briquets and of fracture. With 6 per cent binder, briquets were still crumbly, but
better than those with 5.5 per cent. With 6.5 and 7 per cent binder, briquets were
cohesive, with firm edges and surfaces hard and smooth. In the drop test with 6 per
cent binder the 1-inch screen held 87.4 per cent and passed 12.6 per cent. In the
weathering test all briquets were exposed 214 days; condition of those with 5.5 per
cent binder C, of the others B.

Renfrow - bliquets, average weight 0.46 pound, in weathering test were exposed
214 days; condition of those with 6.5 per cent blnder, C; of those with 7 and 7.5 per
cent binder, B

For analyses of briquets see page 275 (steaming test 412).

Extraction analyses.

. o Briquets,

Pitch. | Fuel. | oduows

Laboratory No............... e e et 3410 3008 |..........
AIr-Arying 1088 . o v e e P P, . 0.20
Extracte X CSa: '
Adrdried. . ... GOl 6. 90
Asreceived.............. : 6. 89
Pitch in briquets as received... 7.19
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.

WEST VIRGINIA.

WEST VIRGINTA NO. 11.e

© A car of bone coal from Pocahoritas bed No. 3 at Zenith- (Crum-

pler station), Monroe County, on the Norfolk and Western Rail-

way, was designated West Virginia No. 11 B. This sample was

shipped under the supervision of John W. Groves and used in
producer-gas test 161.

This carload was picked up by hand beside the tipple, where it
had accumulated in ridges along the tracks by being thrown away
while cleaning and loading cars. The process of picking up the
lumps by hand naturally eliminated the fine coal that was broken

off the lumps, making a smaller per cent of good coal than would

be the case in loading from a bin.

No mine samples were taken at the time of shipment. One sample’

of representative bone coal was carefully cleaned of all good coal
adhering to it and sent in for chemical analysis.

CHEMICAL ANALYSIS.

West Virginia No. 11 B (bone coal).

Laboratory NoO . ...iiiiit i e 42.31
Air-drying loss .. .60
Moisture..... . 102
Volatile matt . 9.08
Fixed carbon... .. 44,47
7 N 45.43
L1013 03 4L R .30

PRODUCER-GAS TEST.

West Virginia No. 11 B (bone coal).

Test 161.—Duration of test, 50 hours. Average electricai horsepower, 194.3.  Aver-
age B. t. u. per cubic foot of gas, 144.0. Total coal fired, 18,900 pounds.
’

Coal as Com-
fired, |PTY 08k pystible,

Coal consumed in producer per horéepo_wer hour (pounds).

Per electrical horsepower:

Commercially available............. ... i 2.00 1.99 112
Developed at switchboard....................... ... ... 1.95 1.94 1.09
Per brake horsepower: .
Commercially available........ ... .. ... il L1170 1.69 .95
Developed at engine..... ...l 1.65 1.64 .92
Analyses.
‘Coal. . ’ Gas by volume.-

Moisture
Volatile matte
Fixed carbon. .

Carbon dioxide (COQy)..
Carbon monoxide (CO)
.. Hydrogen (Hg)........
.. 48 Methane (CHy)...... ..
Sulphur. oo e .27 | Nitrogen (Ng).veeieiiiiiioiiiiaiiiannaaan, 5

No©o
ooo;i

a For other tests of coal from this mine, made during 1904, see Bull. U. S. Geol. Survey No. 261, 1905
pp. 58, 83, 129; Prof. Paper U. 8. Geol. Survey No. 48, 1906, pp. 133, 259, 905, 1365.
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WEST VIRGINIA NO. 16.¢
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Bituminous lump coal from Monongah, Marion County, on the Bal-
timore and Ohio Railroad, was designated West -Virginia No. .16 A.
Coal over a #-inch screen, loaded under the supervision of J. S. Bur-

rows, was used in steaming tests 304 and 305.

CHEMICAL ANALYSES.
West Virginia No. 16 A.

Steaming tests.c Steaming tests.e
304. 305. 304. 305.
Proximate: Ultimate:
Moisture.................. 4.12 6.79 © Hydrogen................ 4.99 4.98
Volatile matter........... 33.83 31.71 Carbon 77.43 77.38
Fixed carbon............. 54.06 53.61 Nitrogen.. 1.58 1.57
Ash............ 8.00 7.89 Oxygen 6.44 6.44
Sulphur 1.17 1.09 Ash_........ 8.34 8.46
Sulphur 1.22 117

o Proximate an.alysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

STEAMING TESTS.
West Virginia No. 16 A (lump).

Test 304. | Test 305.

Size as used:

Over linch.. 50.6 33.9

4 inch to 1ine 22.8 19.6

4 inch to } inch 10.1 19.0

‘Under % inch. 16.5 27.5
Duration of test. 5.3 5.33
Kind of grate......... e et eaeaeaeaaaa Rocking.
Heating value ofcoal.................ooo.oooi.. B. t. u. per pound dry coal..| 13,896 13,964
Force of draft:

Under stack damper.. . ... ....oiiiiiitiiiiii i inch water.. 0.42 0.49

Abovefire................ i do.... .14 .09
Furnace temperature. ... .......ooooiiiiiiiiiin i °F.. 2,864 2,548
Dry coal used per square foot of grate surface per hour pounds. . 20.88 16.37
Equivalent water evaporated per square foot of water-heating surface per hour,

POUNGAS. L ettt ettt N 3.85 3.33
Percentage of rated horsepower of boiler developed...... 108.0 93.4
Water apparently evaporated per pound of coal as fired 8.18 7.89
Water evaporated from and at 212° F.:

Per pound of coalas fired.... ... ... ... ..o il 9.88 9.50

Perpound of drycoal.........cocovaniinn.. 10.30 10.20

Per pound of combustible................... 11.56 11.29
Efficiency of boiler, including grate.............. 71.58 70. 54
Coul as fired:

Per indicated horsepower hour. ...pounds.. 2.86 2.98

Per electrical horsepower hour_...... ... ...l do.... 3.53 3.68
Dry coal:

Per indicated horsepower hour. .. ... . it do 2.74 2.77

Per electrical horsepower hour....... ... . ...l ....do.... 3.39 3.42

WEST VIRGINIA NO. 22,

Bituminous coal from a bed at Hernshaw, Kanawha County, on the
Chesapeake and Ohio Railway, was designated “West Virginia
No.22.”" This coal has not been definitely correlated with any of the
well-known coals of the region. As mined at the outcrop, it is 5 feet

9% inches in average thickness.
Two samples were shipped under the supervision

of John W.

Groves. West Virginia No. 22 A’ consisted of screenings through a

a For other tests of this coal, made during 1905, see Bull. U. S. Geol. Survey No. 290, 1906, . 209.
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13-inch screén, and was used in steaming tests 446, 447, and (washed
coal) 454, and in washing test 186. West Virginia No. 22 B con-
sisted of run-of-mine coal, and was used in steaming test 438.

Two mine samples were taken for chemical analysis. Sample 3456
was taken 400 feet east of the opening, where the coal measured 6 feet -
6% inches in thickness. Sample 3457 was taken 1,200 feet east of the
opening, where the coal measured 4 feet 3 inches in thickness.

CHEMICAL ANALYSES.
West Virginia No. 22.

Steaming tests.o
. Car

Mine samples. sample. A. B.

446 447 454 438,
Laboratory No................ 3456 3457 3905 [ Y R
Air-drying 10ss................ 0.90 1.50 P22 14 I RN U A

Proximate: '
Moisture................... 2.75 3.49 3. 42 5. 44 5. 55 5.24 3.42
Volatile matter. .. . 35.49 33.67 33.49 29.31 29. 65 33.67 33.49
Fixed carbon ..... 56.27 56. 40 55. 27 51. 64 51.38 54.99 56.27
Ash............... .. 5.49 6. 44 7.82 13.61 13.47 6.10 7.82
Sulphor................... .63 .63 .83 - .95 1.04 ] .83

Ultimate: . )

4.72 4.72 5.17 4.96
72.02 72.03 78.82 77.13
1.15 1.15 1.26 1.24
6.72 6.74 7.36 7.7
14.39 14.26 6. 44 8.10
1.00 1.10 .95 .86
Cnloriﬁcvaluedeter-{caiorles.. 7,674 R O O N
mined (as received)\B. t. u... 13,813 B R ) R

a Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from car sample.

N STEAMING TESTS.
West Virginia No 22.

A B.

Test 446. | Test 447, Tffvt )454 Test 438.

Size as used:

Over 1inCh. .. en i .. 9.7 5.6 15.2 53.6
% inch to 1inch.... ..do.... 17.8 15.8 26.8 20.0
4inch to 4 inch.... 21.5 20.8 21.7 10.0
Under % inch........ 51.0 57.8 36.3 16. 4
Average diameter. .. - .. .. 0.48 0.41 0.61 1.27
Duration of test....... .. 10,22 9.68 .. ....... 9. 65
Heating value of coal 12,838 12,843 14,152 13,963
Force of draft: .
* Under stack damper......................... ..inch, vgater.. - 0.81 0.81 0.75 0.79
Above fire.......... do.... 17 .19 .16 .09
Furnace temperature . 2,616 2, 801 2,793 |.eeean..n
. Dry coal used per square foot of grate surface per hour,
POUNAS. « - e et ettt e e e ettt e 18.94 20.22 20.99 21.97
Equivalent water evapora.ted per square foot of water-heating -
sarface per hour. - ... . ... .. ... pounds. . 3.08 3.54 3.93| - 4.2
Percentage of rated horscpower of boiler developed........... 86. 4 99.1 110.3 117.6
Water apparently evaporated per pound of coal as ﬁred
107034 T - J S 6. 58 7.06 7.42 7.89
ater evaporated from and at 212° F.: :
Per pound of coal asfired.................. ... .. 7.70 (. 828 890 | - 9.2¢
Per pound of dry coal.........._........ .do.... 8.16 8.76 9.39 9.57
Per pound of combustible.............. S e 10.00 10.61 10.33 10. 60
Efficiency of boiler, including grate 61.38 65. 87 64.08 66.19
Coal as fired:
Per indicated horsepower hour 3.67 3.42 3.18 3.06
D Per electrical horsepower hour.................. .. do.... 4.53 4.22 3.92 3.78
Ty coal: .
Per indicated horsepower hour. ... . ... . ... ... do.... 3.47 3.23 3.01 2.96
Per electrical horsepower hour..............._..... do.... 4.28 3.99 3.72 3.65
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WASHING TEST.
West Virginia No. 22 A (nut and slack).

Test 186.—Tig used, Stewart. Raw coal, 38,250 pounds. Washed coal, 32,250
pounds; 84 per cent. Refuse, 6,000 pounds; 16 per cent.

Analyses.
Raw | Washed
coal. coal.
Moisture 4.59 7.06
Volatile matter 33.38 33.34
Fixed carbon 52.23 53. 84
9.80 5.76
1.01 .97

WEST VIRGINIA NO. 23.

Bituminous coal from the Cedar Grove bed, one-fourth mile
_northeast of Monarch, Kanawha County, on the Kanawha and
Michigan Railroad, was designated West Virginia No.23. The coal,
as worked from the outcrop at this place, averages 3 feet 1% inches
in thickness. .

Two samples were shipped under the supervision of John W.
Groves. West Virginia No. 23 A consisted of run-of-mine coal and
was used in steaming tests 439 and 440. West Virginia No. 23 B
consisted of slack through a 1}-inch screen, and was used in steaming
tests 444 (washed) and 445 and washing test 180.

Two mine samples were taken for chemical analysis. Sample 3458
was taken 1,500 feet north of the opening, where the coal measured
3 feet 1%-inches in thickness. Sample 3459 was taken 1,500 feet
northwest of the opening, where the coal measured 3 feet 2 inches in
thickness. '

CHEMICAL ANALYSES.

"West Virginia No. 23.

Car samples. Steaming tests.e
Mine samples. A. B.
. A. B.
439 440. 444 445

Laboratory No......coooveiiiiiann.. 3458 3459 3965 3625 |oeeeeii e e
Air-dryingloss................ ... 140 2.50 .00 BV R A PO e
Proximate: ' '

Moisture........ 3.13 4.17 2.05 3.25 2.05 2. 61 4.00 2.44

Volatile matter. 35.51 | 35.36( 34.71 | 34.61 | 34.71 | 34.15 [ 35.70 33.30

Fixed carbon... .| 57.82 | 54.17 | 55.14 | 54.56 | 55.14 | 53.96 | 55.44 53.67

L L 3.54 6.30 8.10 7.58 8.10 9,28 4. 80 10. 59

Sulphur.......ooooiiiiiiiiiiiin, .59 1.24 135 1.22 1.35 1.52 .95 1.40
Ultimate: S .

Hydrogen............coooiiiiif R P 5.08 5.23 4.95 4.88 5.20 4,86

(0713 35T ) SO IR FOUU 75.56 3 77.14 [ 75.91 | 80.44 75.06°

Nitrogen..........c........ IS PO I, 1.18 1.21 1.18 1.53 1.42

Oxygen.. - . 8.73 7.05 6. 94 6. 84 6.38

Asho e e 8.27 9.53 5.00 10.85

Sualphur_.... ... el Ceeeenan 1.38 1.56 .99 1.43
Calorific valu i 7, R R N ..

(as received) ........... ] 13,523 | oo .

a Proximate analysis of fuel as fired: ultimate analysis of dry fuel figured from car sample.
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STEAMING TESTS.
West Virginia No. 23.

Al B.
)
i
! Test 439. } Test 440.| TOE 44| mest 445,
Size as used:
Over 1inch.. 56.3 32.9 12.1 25.2
4 inch to1inch . 21.9 20.0 -23.2 21.6
4 inch to % inch 12.0 15. 4 24.6 16.6
Under £ inch..... 9.8 3L7 40.1 36.6
Avemge diameter L3y . .87 .56 .70
Duration of test.. .. 9. 95 9.83 10.05 | 10.00 -
Heating value of coal dry coal..| 13,995 13,781 14,483 13, 498
Force of draft:
Under stack damper...................o.... inch water.. 0.77 -0.75 0.78 0.77
Abovefire......... ..do.... L12 L12 .10 .13
Furnace temperature.. °F. 2,657 2,572 2,536 2,638
Dry coal used per square foot of grate surface ger hour, pounds 19.98 18.82 17.51 19.11
Equivalent water evaporated per square foot of water-heat-
ing surface perhour. ... . ... . i iiiiiiiiiaia.. pounds. . 3.56 3.41 3.14 3.42
Percentage of rated horsepower of boiler developed........... 99.7 95.6 88.0 95.9
Water apparently evaporated per pound of coal as fired, .
wpounds ...................................................... 7.49 7.63 7.37 7.47
ater evaporated from and at 212° F.: :
Per pound of coal asfired................. . ... .. 8.73 8.84 8.61 8.75
Per pound of dry coal.. ..do.... 8.92 9.08 8.98 8.97
Per pound of combustible. . 10.20 10. 49 9.92 10. 65
Efficiency of boiler, including gmt 61.55 63. 62 59.88 64.17
Coal as fired: )
Per indicated horsepower hour..._.............. .. 3.24 3.20 3.28 3.23
D Per ialectncal horsepower hour................. -..-do.... 4.00 3.95 4.05 3.99
Iy coa.
yI’er indicated horsepower hour..................... do.... 3:17 3.11 3.15 3.15
Per electrical horsepower hour..................... do.... 3.914 384 3.89 3.89

4 WASHING TEST.
West Virginia No. 23 B (nut and slack).

Test 180.—Jig used, Stewart. Raw coal, 36,000 pounds. Washed coal, 33,980
pounds; 94 per cent. Refuse, 2,020 pounds; 6 per cent. Analyses: For analyses of
the fuel used see page 281 (sample 3625). Analysisof the washed coal Moisture, 4.24;
ash, 4.87; sulphur, 0.93.

WEST VIRGINIA NO. 24.

A sample of bone coal from the Pocahontas bed No. 3 at Gary,
McDowell County, on the Norfolk and Western Railway, was des-
ignated West Virignia No. 24." This sample was shipped under the
supervision of A. K. Adams and was used in producer-gas test 162.

PRODUCER-GAS TEST.
West Virginia No. 24 (bone coal).

Test 162.—Duration of test, 50 hours. Average electrical horsepower, 148.8. Aver-
age B. t. u. per cubic foot of gas, 106.3. Total coal fired, 11,000 pounds.

Coal as Dry |Combus-
fired. coaj. tible.

Coal consumed in producer per horsépower hour (pounds).

Per electrical horsepower:

Commercially available.............. ... ...l 1.55 151 1.07
Developed at switchboard. ....... . ... i 1.48 1.44 1.02
Per brake horsepower:

Cominercially available ) : : 1.32 1.28 .91
Developed at engine . 1.26 1.22 .87
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Analyses.
Gus by volume.

Moisture........ooocoiiiiiiii i . Carbon dioxide (COg)...........oooiiiiain..

Volatile matter. . Carbon monoxide (CO) e

Fixed carbon.... Hydrogen (Ha).........
sho............. Methane (CHy)...... e

Sulphur................ et .54 | Nitrogen (No) ... oooieiiiii i,

WEST VIRGINIA NO. 25.

Bituminous coal from the Black Band bed, 8 miles southeast of
“Charleston, Kanawha County, on the Chesapeake and Ohio Railway,
was designated West Virginia No. 25. The coal, as worked from the
outcrop at this place, averages 2 feet 9% inches in thickness.

One sample, shipped under the supervision of John W. Groves,
consisted of lump coal over a 13-inch screen, and was used in producer-
gas test 156 and coking test 175.

Two mine samples were taken for chemical analysis. Sample 4290
was taken 1,300 feet south of the opening, where the coal measured
2 feet 82 inches in thickness. Sample 4291 was taken 800 feet west
of the opening, where the coal measured 2 feet 11 inches in thickness.

CHEMICAL ANALYSES. -
West Virginia No. 25.

Mine samples. s&(r:r?gl e Mine samples. s n?nigle
Laboratory No.......... 4290 | 4291 4360 || Ultimate:
Air-drying loss.......... 1.80 2.10| . 2.30 5.16
Proximate: 72.89
Moisture............ 3. 46 3.91 4.21 1. 40
Volatile matter...... 34.55 | 34.83 35. 41 yge 12. 69
Fixed carbon........ 53.79 | 54.48 | 53.16 || Calorific value| . iomios 7 433
Ash_ ... ............. . 8.20 6.78 7.22 determincd}B tou.. 13’37'9
Sulphur............. .58 .64 .64 (asreceived).) " " V- 4

PRODUCER-GAS TEST.
‘West Virginia No. 25 (lump).

Test 156.—Duration of test, 50 hours. Average electrical horsepower, 199.2. Average
B. t. u. per cubic foot of gas, 171.6. Total coal fired, 13,000 pounds.

.

Coal as | Com-
fired. |PTY 0l pistible,
Coal consumed in ;broducer per horsepower hour (pounds).
Per electrical horsepower:
Commercially available. 1.35 1.30 1.19
Developed at switchboar 1.31 1.26 115
Per brake horsepower:
Commercially available. .. . e eeaeeeaeaas . 1.15 1.11 101
Developed at engine. ... ... i LLu 1.07 .98
Equivalent used by producer plant (pounds).
Per clectrical horsepower:
Commercially available. ... ... ... . i 1.42 1.37 1.25
Developed at switchboard............ ...l P 1.37 1.32 121
Per hrake horsepower:
Commercially available....... ... .. ... ... L21| - L16 1.06
Developed at engine................ e 1.17 112 1.03
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Analyses.
Coal. Gas by volume.
MOIStUTe ... eeeneeeeeeeon SRR 3.83 | Carbon dioxide (CO8). .....eveerernenn.nnn. 7.9
Volatile matter. ....................... .. 34.34 | Carbon monoxide (CO)...covuemirniannn.. 23.4
Fixed carbon.......................... .. 53.61 | Hydrogen (Hg).......oooiiiiiiiiiaiaiannn - 171
Ash. .o e 8.22 | Methane (CH,) 2.1
Sulphur.......... teeemeieeicaennaeaaa .62 | Nitrogen (Ng).......coovveiieiaann. PO, 49. ‘11

) Ethylene (CoHq) oo
COKING TEST.
West Virginia No. 25 (lump).

" Test 175.—Size as used: Raw, finely crushed. Duration of test, 43 hours. Coal.
charged, 11,340 pounds. Coke produced, 6,920 pounds, 61.02 per cent. Breeze pro-
duced, 381 pounds, 3.36 per cent. Total yield, 64.38 per cent. Good strong coke;
gray color with a little silvery deposit of carbon. :

Analyses.
Coal. | Coke.
Moisture.......... et e iaeeeeeeeeaaeaeieaeeiaaaaan 4,56 | . 0.30
Volatile Matter. ... e 34.38 .49
Fixedcarbon..............o....... e i 53.39 86.71
7 7.67 12.50
F 10 3 03+ .61 .47
- WYOMING:

WYOMING NO. 4.

Bituminous coal from Hanna, Carbon County, on the Union

Pacific Railroad, was designated Wyoming No. 4. The coal, as

worked at a depth of 387 feet at this place, averages 35 feet in thick-
ness. '

This sample, consisting of run-of-mine coal shipped under the
supervision of John W. Groves, was used in steaming test 399 and
producer-gas test 123.

. Four mine samples were taken for analysis. Sample 3160 was
taken 1,900 feet south of the slope. Sample 3161 was taken 2,000
feet south of the slope. Sample 3162 was taken 1,700 feet south of
the slope. Sample 3163 was taken immediately above the point
where sample 3162 was taken. The two benches combined measured

35 feet.
CHEMICAL ANALYSES,

Wyomnming No. 4.

Steam-
Mine samples. Car samples. ing test
. 399.2
Laboratory No................ 3160 3161 3162 3163 1 533631 ¢3396 |..........
Air-drying loss........... o . 3.80 4.10 4.00 3.50 2.30 3.80 [...o......
Proximate:

Moisture............... ... 12.32 12.66 11.49 11.73 11.30 12.40 12. 40
Volatile matter............ 40.80 40. 36 40.38 | 41.30 40.32 39.75 39.75
Fixed carbon.............. 41.69 43.10 42.24 | 41.40 41.07 41.08 41.08
Ash.. ...l 5.19 3.88 5.89 5.57 7.31 6.77 6.77
Sulphur.................... t.23 .21 .44 .29 .28 .26 .26

¢ Proximate analysis of fuel as fired; ultimate-analysis of dry fuel figured from car sample.
b Sample from producer-gas test 123 treated as car sample.
¢ Sample from steaming fest 399 treated as car sample.



TESTS—WYOMING. .

CHEMICAL ANALYSES—Continued.
Wyoming No. 4.

285

Mine samples. Car sumples.

Calorific value (as received):

. calories. .
Determined..... {B. tou...

Calculated from }

ultimate anal- c};u%rigs - 5,806 6,136

STEAMING TEST.

Wyoming No. 4 (run of mine).

10,451 11,045 |..

Test 399.

. Size as used: .
[T 1 T e cent. .
4inch to 1 inch .. .
%inch to 3 inch ..

nder } inch...
Duration of test.....
Heating valueofcoal. ... ... ... ... oot B. t. u. per pound dry coal..
Force of draft:
Under stack damper. .. ... ...t inch water:.
Above fire........... ....do....
Furnace temperature

Dry coal used per square foot of grate surface per hou
Equivalent water evaporated per square foot of water-heating surface per hour
Percentage of rated horsepower of boiler developed. .. ...............coooooo.
Water apparently cvaporated per yound of coal as fired
Water evaporated from and at 212° F.: .

Per pound of coal as fired . ... ..o oo i do....

Per pound of dry coal.....

Per pound of combustible..... ..do....
Efliciency of boiler, including grate ......................... B eeeee et aenaaan per cent..
Coal as fired:

Per indicated horsepower hour

Per electrical horsepower hour
Dry coal:

Per indicated horsepower hour .

Per electrical horsepower hour ..

BBmE

(™
SO
58»&&0:1—-

e
8e

PRODUCER-GAS TEST.

Wyoming No. 4 (run of mine).

Test 128.—Duration of test, 50 hours. Average electrical horsepower, 195.5. Aver-

age B. t. u. per cubic foot of gas, 151.6. Total coal fired, 20,200 pounds.

Coal as . Combus-
fired. | DTY o0l | Peipge,
Coal consumed in producer per horsepower hour (pounds).

Per electrical horsepower: .
Commercially available. ........... .. oo .. il 2.20 195 179
Developed at switchboard. ... o 2.07 1.83 1.68

Per brake horsepower:

Commercially available. ... ... i i i, 1.87 1.66 1.52
Developed atengine...... ... ... ... i 1.76 1.56 1.43
Equivalent used by producer plant (pounds).

Per electrical horsepower:

Commercially available. ... .. ..o oo 2,38 2.11 1.94
Developed at switchboard. .............oooo i 2.24 1.99 1.83

Per brake orscFO\ver: S
Commercially available. .. ......ooiiiiii i e 2.02 1.80 1.65
Developed at engine. ... ..ot 1.01 1.69 1.55
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Analysis of gas by volume. o

Carbon dioXide (CO2) . oot e 12.2
Carbon monoxide (CC) e e . 16.4
Hydrogen (Hg) .......c........ 15.1
Methane (CHy) -...... 2.7
Nitrogen (N. z%.[ ........... e 53.2
Ethy)ene (OzHy) .4

WYOMING NO. 5.

Bituminous coal from Rock Springs, Sweetwater County, on the
Union Pacific Railroad, was designated Wyoming No. 5. The coal,
as worked at a depth of 493 feet at this place, averages 7 feet 6 mches
in thickness.

The sample, consisting of run-of-mine coal, shipped under the
inspection of John W. Groves, was used in producer-gas test 114 and
coking test 132.

Two mine samples were taken for chemical analysis. Sample 3164
was taken 5,200 feet north of the slope, where the coal measured
7 feet 6 mches in thickness. Sample 3165 was taken 7,000 feet
north of the slope, where the coal measured 7 feet 2 inches in thickness.

CHEMICAL ANALYSES.
Wyoming No. 5.

- Car
Mine samples. sample
72 o To3 2703 .20 o T 3164 3165 3213
Air-drying 1oss. ... ..coiii i e 4.00 4,40 6.00
Proximate:
Moisture. ... ..t 12.41 13.10 11. 64
Volatile matter. ... oo i 36.57 34,97 36.37
Fixed carbon. ... ... o i 48.50 48.59 48.58
é\glhh ......................................... 23(2) %gi 33%
phur...... e ieaaaaaaaas . . .
Ultimate: :
Hydrogen 5.72
Carbon. 66.08
Nitrogen. 1.43
xygen. . . 22.55
Calorific value (as received): )
Determined. .....oovveeeineennnnnn.. et %ngr 1[(125. - l?} ‘;gg
Caleulated from ultimate analysis. ................... s (l’sf‘_l‘éf‘g_s:: 1w iig

PRODUCER-GAS TEST.
Wyoming No. 5 (run of mine).

Test 114.—Duration of test, 50 hours. Average electrical horsepower, 194.5. Aver-
age B. t. u. per cubic foot of gas, 168. Total coal fired, 15,600 pounds.

Coal as Combus-
fired. | DrYeoald “iipre.

Coal consumed in p;-oducer per horsepower hour (pounds).

Per clectrical horsepower:

Commercially available..... ... 1.72 1.52 1.46

Developed at switchboard ... ...l eeeeeeas 1.60 1.42 1.36
Per brake horsepower: ‘

Commercially available. ... ... .. ... .l 1.46 1.29 1.24

Developed at engine. .. ... ...t 1.36 121 1.16

e For analyms of fuel used see p. 284 (sample 3363).
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Analyses. .

Gas by volume.

Moisture.......coovveeiiiiiiiiiiiil . Carbon dioxide (COg)......ooeeive it iienn
Volatile matter Carbon monoxide (CO)..
leed csu'bon X Hydrogen (Hg)..........
........... 3. Methane (CH,) ..

' Sulphur ..................................... . Nitrogen (Ng)....:......
: Ethylene (CoHLy)

COKING TEST.

Wyoming No. 5 (run of mine).

Test 182.~—Size as used: Raw, finely crushed. Duration of test, 39 hours. Coal
charged, 8,000 pounds. Coke produced, none. Analysis of coal: Moisture, 11.09;
volatlle matter, 34.53; fixed carbon, 50.5; ash, 3.88; sulphur 0.84.

WYOMING NO. 6.

Subbituminous coal 3 miles west of Kemmerer, Uinta County, 2
miles from the Union Paclﬁc Railroad, was des1gnated Wyoming'
No. 6.

This sample, cons1st,1nv of run-of-mine coal, loaded under the super-
vision of John W. Groves was used in steammfr tests 400 and (on
briquets) 419, producer-gas test 124, and bmquettmg test 134:

Two mine samples were taken for chemical analysis. Sample 3202
was taken 150 feet north of the opening. Sample 3203 was taken
180 feet north of the drift opening. These two samples combined
represent a thickness of 23 feet. The total thickness of the hed
worked in this mine is 83 feet; consequently these two samples repre-
sent only a part of the entire bed. :

"

CHEMICAL ANALYSES.

Wyoming No. 6.

Steaming tests.a

Mine samples CM[
8. mple.
samp 400, 419.
Laboratory No.......oooiiiiii i 3202 3203 3390 |. .o iifeieiiaiaas
Adr-drying 108s. ... ..ot .- 10.20 10. 60 IL30 oo
Proximate: .
Moisture....... 20. 57 20. 88 19.00 18.44 15. 57
Volatile matter. 36. 31 35.91 36. 64 36.35 38.74
hxed carbon. 40.49 65 41.24 40. 68 42,87
.............................. 2.63 2.56 3.12 4.53 2.82
Sulphur .................. N .. .51 .54 .49 .57 .59
Ultimate:

Calorific'value (as received \ os7
1 . fcalories.. 5,687 |..........
Determined..............oo.iaiill {B. tou...| 100237 [0

Calculated from ultimate analysis. . .{%‘flgfilfs' S ERSRERLEE N EERRERERET

& Proximate analysis of fuel us fired; ultimate analysis of dry fuel figured from car sample.
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° STEAMING TESTS.

Wyoming No. 6 (run of mine.)

Test 400. { Test 419.
Sizeasused: -
gvexil ltinch. ST e - %32
% inch to 1 inc 5. ;
$totinch... 25. 4 |(SeeD-289
Under 4 inch. 35.8
Duration of test......... 10.02 9.45
Heating value of fuel ....... .. ... . ... .. Bt . per pound dry fuel .| 12,488 13,021
Force of draft: : -
Under stack damper. . ... . ... i inch water.. 0.62 0. 56
ADbove fiTe. .. do.... .33 .24
Furnace temperature LLLOF 2,465 |..........
Dry fuel used per square foot of grate surface perhour.................... pounds. . 24.41 14.06
Equivalent water evaporated per square foot of water—hea,tmg surmce per X
10 .pounds. . 3.32 1.99
Percentage of rated horsepower of boiler developed . .. ... ... ..o .. 93.1 55.7
Water apparently evaporated per Pound of fuel as fired. . pounds.. 4.76 5.13
Water evaporated fromand at 212° F
Per pound of fuelasfired... ... . ..o i do.... 5. 56 5.97
Perpound of dry fuel....... do.... 6. 82 7.07
Per pound of combustible. . .... .do....| T 792 8.44
Efliciency of boiler, includinggrate........... ... ... . .ol per cent. . 52.74 52.43
Fuel as fired: : .
Perindicated horsepowerhour.................. ...l pounds. . 5.08 4.74
Perelectrical horsepower hour do.... 6.28 5.85
Dry fuel:
Per indicated horsepower hour 4.15 4.00
Perelectrical horsepower hour 5.12 4.94

Remarks.—Test 419 on briquets, which in burning gave a shower of sparks ins.ead of a
flame. Tor the first five hours too thick a fire was carried. - With a 5-inch fire during
the second five hours the briquets burned far better. No smoke. Briquets held to-
gether for about seven minutes, burning very slowly, and then crumbled. No clinker;
ash fell through grate freely.

PRODUCER-GAS TEST.
Wyoming No. 6 (run of mine).

Test 124.—Duration of test, 50 hours. Average electrical hdrsepower, 200. Aver-
‘age B. t. u. per cubic foot of gas, 171.8. Total coal fired, 21,900 pounds.

Coal as Dry |Combus-
fired. coal. tible.
Coal consumed in producer per horsepower hour (pounds).

Per eloctrical horsepower: . . ' :
Commercially available. ... ... ... ... .. i 2.32 1.90 1.83
Developed at switchboard............ O 2.19 179 1.73

Per brake horsepower:

Commercially available. ............................. ST S 1.97 1.61 1.56
Developed at engine 1.86 1.52 1.47
Equivalent used by proucer plant (pounds). '

Per electrical horsepower:

Commercially available. .. ... .. ... ... 2.52 2.06 1.99
Developed at switchboard. ... ... . ... .. ... .. il 2.38 1.94 1.88

Per brake horsepower: o '
Commercially available. .. ... ... ... .. . ... 2.14 1.75 1.69
Developed at engine 2.02 1.65 1.59

- Analyses.
- Coal. Gas by volume.
MoOIStuTe. oo e 18.26 | Carbon dioxide (CO2).............ccoi ...

Volatile matter. . 37.18 | Carbon monoxide (CO)...
Fixed carbon.. . 41.82 | Hydrogen (Hg)...........
Ash....... .. 2,74 | Methane (CH.4) . ... ... .o ioiiiiiiiiaiins
Sulphur.. ..o .47 | Nitrogen (Ng).......ooooeiii i,

Ethylene (CoHe) - -+ coveeiniiiiiiiians
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BRIQUETTING TEST.
Wyoming No. 6 >(run of mine).

Test 134.—Size as used: Over } inch, 2.4 per cent; 4 inch to % inch, 9.2 per cent;
7 inch to ¢ inch, 22.2 per cent; & inch to 4 inch, 26 per cent; through 7 inch, 40.2
per cent. Kind of binder, water-gas pitch; laboratory No. 3486 (see p.40). Weight
of fuel briquetted, 24,000 pounds. B. t. u. per pound of fuel as received, 10, 106 per
pound of briquets as ﬁred 10,994; per pound of binder, 16,407.

English briquets made at 179° I‘ , average weight 3.18 pounds, with 5, 6, 7, 8, and 10
per cent of binder, would not cohere all the briquets could be c1ushed in thc hand.
In the weathering test-they were expased 180 days; condition of those with 5 and 6
per cent binder, D; of those with 7 and 8 per cent binder, E.

Drop test.
Percentage of binder............ [ SRR 5 6 7 8
Held by I-inch sCreen. . ... ... .. i .| 35.4 61.3 74 79
Pagsed 1-inCh SCIeN. . ..ottt 64.6 38.7 26 21

Renfrow briquets made at 149° ., average weight 0.42 pound, with 7, 8, and 10 per
cent hinder, were not improved by increase in purcentage of pitch; all briquets were
bad and could be crushed in the hand. Weathering test, exposed 180 days, condl-
tion E. Tor analyses of briquets see page 287 (steaming test 419).

Ao Ezxtraction analyses.
: . Briquets,
Pitch. Fuel. test 134,

Laboratory NO...... ... it .. 3486 3390 |..........

L AIrdrying 1o8S. Lo L. percent..l.......... 11. 30 4.90
Extracted by CSq:

Air-dried : R .94 6.12

Asreceived.................. 85. 57 .83 5.82

Pitch in briquets, as received.......................oooooodoll ool 6.13

MISCELLANEOUS TESTS.
MISCELLANEOUS COKE,

Fuel des1gnated 1mscellaneous coke was used in producer-gas

test 151.
PRODUCER-GAS TEST.

Miscellaneous coke.

Test 151.—Duration of test, 41 hours. Average electrical horsepower, 199.5.  Aver-
age B. t. u. per cubic foot of gas, 120.6. Total coal fired, 8,400 pounds.

Coal as Dry {Combus-
fired. coal. tible.

Coal consumed in producer per horsepower hour (pounds).

]

Per cleetrical horsepower: : '
Commercially available......... ... ... .. ... 1.03 0.95 0.83
Developed at switchboard : - .. 1.03 .95 .83

Per brake horsepower: .
Commercially available.............. ... . .87 .80 .70
Developed atengine. ... ... .. .87 .80 .70

19698—Bull. No. 332—08——19 -
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Analyses.
: Gas by volume.

B (3170 o J . Carbon dioxide (COg)........ . 9.2
Volatile matter.-... .. . Carbon monoxide (CO) .. e 21.9
leed carbon....... - Hydrogen (Hg)....... . 11.1
................. . Methane (CHy)......... 0.2
Sulphur ..................................... . * Nitrogen ENz) .......... ... 51.5
Ethylene (CeHu) e oo oeiiiiii e .1

MIXED COKE.

Fuel taken from a pile containing a mixture of the products of the
coking tests was designated mixed coke. This sample was used in
steamlng test 519, to determine the effect of the absence of volatile
matter in fuel on the completeness of combustion.

CHEMICAL ANALYSES.c
Mixed coke.

Proximate: Ultimate: .
Moisture ...everiieniiiiiniiiiiiiaa. . 55 Hyd rogen
Volatile matter. .. . S Carbon -.
leed carbon..... Nltrogen
............... Oxygen
Sulphur ................................. Ash........
Sulpbur........o.....ll

STEAMING TEST.
Mixed coke.

Test 519.

Durationof test................... . ........................ hours.. 8.92
Heating value of fuel...... -. leiieeaens :..B. t. u. per pound dry fuel.. 12, 366
Foree of draft: .

Under stack damper 0.89

Above fire. . .07

In ash pit .. .25
Furnace temperature. 2,560
Dry fuel used per square foot of grate surface per hour.. .. 27.92
Equivalent water evaporated per square foot of water heating surface per hour...... do.... 4.65-
Percentage of rated horsepower of boiler developed. .. ... ... ... o iiiiiiiiiiiiia. 130. 3
Water apparently evaporated per pound of fuel as fired. ...l pounds.. 6. 44
Water evaporated from and at 212° F.:

Per pound of fuel as fired......... : e 7.80

Per pound of dry fuel .. _.... R . 8.35

' Per pound of combustible....... s P do.... 10. 00
Efficiency of boiler, including grate 65. 21
Fuel as fired:

Per indicated horsepower hour....... e .- 3.63

Per electrical horsepower hour.............. g, do.... 4. 48
Dry fuel: .

Per indicated horsepower hour............. e e do.... 3.39

Per electrical horsepower hour. ... ... ... . i do 4.18

ILLINOIS, COLLINSVILLE.

Nut coal from Collinsville, Ill., was purchased, uninspected, by the
Government for special steaming tests to determine the best method
of firing Illinois coal, as follows: Test 500, alternate method of firing;
test 501, spreading method; test 502, coking method; test 503, rib-
bon method (firing alternately in narrow strips across the full length

of the grate); test 504, alternate method; and test 505, alternate

a Stemﬁing test 519. Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from
car sample. .
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method with forced draft. This fuel was also used in test 517 to
determine the effect of reduced grate area on efficiency.

CHEMICAL ANALYSES.

Illinois, Collinsville.

Steaming tests. e

500. 501 .502. 503. 504. 506. 517.

Proximate: '
Moisture................... 12,59 13.08 14. 00 14.05 10. 80 13.60 11.98
Volatile matter............ 35. %4 - 35.34 33.85 33.64 36.76 35.17 35.11
Fixed carbon._............. 42.34 42.62 42.43 41.37 42.81 41.51 43.83
- Ash. ool 9.13 8.94 9.70 10. 94 9.63 9.72 9.08
Sulphur.................... 3.24 3.16 3.35 3.35 3.31 3.22 2.85

Ultimate: <

Hydrogen.................. 4,95 4.97 4.90 4.81 4.93 4.91 4,99
Carbon.................... 70.33 70.51 69.48 68. 30 70.03 69. 65 70. 81
Nltrogen ............. 1.11 1.12 1.09 1.08 1.11 1.10 1.11
Oxygen............ooo..u.t 9.46 9.47 9.3 9.18 9.42 9.36 9.53
Ash. . oo 10. 44 10. 29 11.28 12.73 10. 80 11.25 10.32
Sulphur................... -3 3.64 3.91 3.90 3.71 3.73 3.24

a Proximate analysis of fuel as fired;. ultimate analysis of dry fuel figured from car sample.-
STEAMING TESTS.

Illinois, Collinsville (nut).

Test | Test | Test |- Test | Test | Test | Test
500. 501. 502. 503. 504. 505. 517.a

Duration of test..................... hours..| 9.02 6.42 8.82 7.27 6.37 7.37 6.33.
Method of firing. ... .. . ... ... ... ... Alter- |Spread-| Cok- | Rib- [ Alter- | Alter-
: ’ nate. | ing. ing. | bon. | mnate. | nate.

Heating value of coal, B. t. u. per pound dry .
CORL. i e 12,586 | 12,823 | 12,649 | 12,434 | 12,739 | 12,670 | 12,861

Force of draft:
Under stack damper........ i 0.93 0. 64 0.85 0.91 0.91 0.99 0.50!

Abovefire. ... .........oiiiilll do.... 22 .16 .12 14 .19 13 .21

In ash pit (forced draft).. < [ N e ] I T I
Furnace temperature................... W 2,565 | 2,531 2,158 | 2,552 | 2,484 2,755 [.........
Drycoal used per square foot of grate surface .

perhour.... ... .. . .. ...i.iieea.n pounds..| 25.10 | 22.17 | 21.87 ( 24.49 | 24.17 | 30.36 28.7T
Equivalent water evaporated per square .
oot of water-heating surface per hour,

POUNAS. ..t 4.00 3.31 3.39 3.81 3.59 4.69 2,81
Perccntch of rated horsepower of boiler de-
veloped. .. ... ool 112.1 92.7 95.0 1 106.7 | 100.8 | 131.6 | 64.6
Water ap arently evaporated per pound of
coalasfired...................... pounds..| 5.75 5.34 5.50 5.51 5.49 5.52 5.82
Water ovaporated from and at 212° F N :
Per pound of coal as fired...... pounds. | 6.98 6.49 6. 67 6. 69 6. 64 6. 69 7.06
Per pound of dry coal....... ...do....| 7.99 7.47 7.76 7.78 7.45 7.74 8.02
Per pound of combustible do....; 9.10 8.52 8.93 9.18 8.46 8.90 9,41
Efficiency of boiler, including grate.per cent..| 61.31 | 56.26 | 50.24 | 60.42 | 56.48 | 58.99 60. 22
Coal as fired: . :
Per indicated horsepower hour.pounds..| 4.05 4.36 4.24 4,23 4.26 4.23 4.01
b Per ?Iectrlc&l horsepower hour....do....| 5.00 5.38 5.23 5.22 5.26 5.22 4.94
Ty co4, : . .
Per indicated horsepower hour .do.:..| 3.54 3.79 3.64 3.63 3.80 3.65 3.53
Per electrical horsepower hour....do....| * 4.37 4.67 4.50 4.49 4.69 4.51 4.35

a Grate area reduced to 20.3 square feet.
WASHERY REFUSE.

Fuel taken from the dumping pile of the coal washery of the fuel-
testing plant was designated washery refuse. This sample was com-
posed of ‘the dumpmgs of many bituminous coals and had been
exposed several months before it was taken up for test. Steaming
test 479 was made on it to determine whether such refuse can be used
for steaming purposes. ‘

_
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CHEMICAL ANALYSES.c

 Washery refuse.

Proximate: Ultimate: .
Moisture ...l 10.83 Hydrogen.. ...l 2.83
Volatilematter................... ... 17.21 Carbon ... . 39.81
Fl‘(ed carbon...................ol. 30.14 Nitrogen.. .68
..................................... 41,82 Oxygen 7.09
Sulphut ................................. 2. 40 Ash..... 46.90
Sulphur.... ... 2.69
STEAMING TEST.
Washery refuse.
Test 479.
Size as used: .
Over linch..... 5.6
4inch to 1 inch. 13.8
4inch to 4 inch. 16.6
Under 4inch.... 64.0
Average diameter. .38
Duration of test........ 7.18
Heating valueof coal................ ... ... P 7,241
Force of draft:
Under stack damper L .92
Abovefire.............. .06
In ash pit (forced draft) .. .73
Dry coal used per square foot of grate surface per hour 3,645
Equivalent water evaporated per square foot of water-heating surface per hour 2.59
Percentage of rated horsepower of boiler developed........ ... il 72.6
Water apparently evaporated per pound of coal as fired 2.63
Water evaporated from and at 212° F.:
Per pound of coal as fired...... 3.17
Per pound of dry coal . 3.66
Per pound of combustible...... 8.06
Efficiency of boiler, including grate. .................ocoooiiiiiiiii . 47.48
Coal as fired:
Per indicated horsepower hour. ... .. .. ... i 8.92
Per electrical horsepower hour. ... ... ittt do.... 11.01
Dry coal:
Pcr indicated horsepower hour 7.94
Per electrical horsepower hour 9.81

MISCELLANEOUS NO. 5.

A sample of coke breeze was furnished by a gas company for use
in briquetting tests 152 and (mixed with Tennessee No. 4, p. 234) 150
and 151. One sample (No. 3386) was taken for chemical analysis.

A

CHEMICAL ANALYSES.

Miscellaneouis No. 5 (coke breeze).

Briquet-
Sample. ting{;cest

Laboratory No. ... i e 3386 3385
Air-drying loss..................... e ) 880 |....oin.s
MORSTUTC % oo e et e e e 10.72 5.01
Volatile matter. . .................colll e 4.08 | * 10.70
Fixed carbon. ... ...l et eeeeeeeeieiaia 73.25 72.05
7 ¢ N 11.95 12,24
S 015 1.02 1.05
Calorific value determined (as received)................ ... o ... { %ifl(t’rilfs" l? (1)3(1; ISR

a Steaming test 479. Proximate analysis of fuel as fired; ultimate analysis of dry fuel figured from

car sample. -
b Proximate analysis of fuel as received; no ultimate analysis of brlqucts was made.

.
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BRIQUETTING TEST,
Miscellaneous No. 5 (coke breeze).

Test 152.—Size as used: Over % inch, 2.8 per cent; % inch to } inch, 11 per cent; o
inch to {4 inch, 21.2 per cent; fx inch to j%5 inch, 30.4 per cent; through Z; inch,
34.6 per cent. These briquets were very soft when warm, giving nearly 25 per cent
breakage in falling from delivery belt of machine and in handling with coke forks.
They could not be piled satisfactorily while warm. When cold, they had a rough,
hard surface, with coating of brown from the dies, and broke without crumbling,
giving a rough fracture surface.

Details of manufacture: Drop test (1-inch screen):
Machineused.................oeeaall. Renf. Held....oooiiiiiiiiiiiits percent..| 60.5
Temperature of briquets.........°0f.. 149 Passed..........cooooiiilll do....} 39.5
Binder— Tumbler test (1-inch screen):

Kind....oooooiiiieiiiinniiiaeaen, w.g. k. 20 P N do....| 725
Lahoratory No. (see p. 40)....... 3410 Passed (fines).........co..c.... do....| 27.5
. Amount................ per cent.. 8 Fines through 10-mesh sieve...do.... 90.0
Weight of— Weathering test:

uel briquetted.........pounds..| 20,000 Time exposed................. days.. 198
Bricﬂuets, AVErage.......... do....| 0.437 Condition...............ol A.

Heat value per pound— Water absorption: .
Fuel as received .......... B.t.u..[ 11,036 Inls5days........c......... per cent..| 20.6
Fuel as fired ..do.. | 12,119 Average for first 5days........ do.... 2. 64
Binder..................... ....| 16,478 || Specific gravity (apparent).............. 1.030

Lxtraction analyses. o

>4 Briquets,
Piteh. Fuel. tost 152,
Laboratory No..... ...t [P 3410 3386 3385
Alr-drying 108S. .. .o e percent..|.......... 8.70 3.10
Extracted by CSq:
Airdried. ..o R, R R .65 6.96
Asreceived................ e el 79.98 59 6.74
Piteh in briquets asreeeived. ... ooiadonl oL 7.75

MISCELLANEOUS NO. 9.

The sample designated Miscellaneous No. 9 consisted of coke
breeze which was shipped from a plant in Madison, Ill.
This sample was used in briquetting tests 247 ¢ and 249; also
mixed with Pennsylvania No. 18 in briquétting tests 2381, 2397, 2401,
and 248. (See pp. 211-213.)
One car sample (No. 4763) was taken for chemical analysis.

CHEMICAL ANALYSES.

-
Miscellaneous No. 9 (coke breeze).

Briquet-

Sample. | ting tests

247, 249. b
" Laboratory No.................. et 4763 | 4827
Air-drying loss... .. 1.30 1. 30
Moisture......... .. 1.95 2.61
Volatile matter... e i .89 10.71
Fixed carbon..... e . s 75.50 58.55
)1 J e 21. 66 28.13
SUIPNUL. - o .66 .98
: : calories. . 6,039 5,514
Cal.orlﬁc value determined (as received) _ {B. Toa. 10,870 9,025

aThe briquets made in this test were used in a special cupola test; sce p. 45.
b Proximate analysis of fuel as received; no ultimateanalysis of briquets made.
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BRIQUETTING TESTS.
Miscellaneous No. 9 (coké breeze).
Test 247.—Size as used: Over % inch, 2.2 per cent; {5 inch to inch, 8 per cent;

27 inch to ¢ inch, 15 per cent; 4 inch to 45 inch, 25.6 per cent; through % inch,
49.2 per cent. Attempts to briquet coke breeze with unslacked lime as a binder

were unsatisfactory. Briquets were made. by the addition of pitch to the lime, and

showed when warm characteristics similar to those of the briquets made in test 249.
The cold briquets, however, were much harder and continued to increase in hard-
ness for several weeks. The hardened briquets had a smooth outer surface and a
rough, hard fracture surface, with firm edges.

Test 249.—Size as used: Over } inch, 1.6 per cent; % inch to mch 7.6 per cent;
# inch to {5 inch, 15.8 per cent; 5 inch to #; inch, 25.8 per cent; through & inch,
49.2 per cent. The characteristics of these briquets are similar to those noted in
the report of test 248 (p. 212). These briquets had a coating of bronze from the dies,
which showed perceptibly the erosive effect of the coke. Satisfactory briquets were
made with 8 per cent binder, and no increase in cohésion was observed by increas-
ing this percentage.

' Test 247.a| Test 249, Test 247.a| Test 249.
Details of manufacture: Drop test (1-inch screen): )
Machine used.....:........ Renf. [* Renf. eld........... per cent.. 66.0 67.0
Temperature of briquets.. 176 158 P sed............ do.. 34.0 33.0
Binder— . . Tumbler test (1-inch screen) i
Kind.................. ) w.g. D. Held........... per cent.. 88.5 79.5
Laboratory No. (see Passed (fines)..... do.. 13.5 20.5
P.40).i 4879 | 4879 Fines through lo-mesh
Amount....percent..| 8each. 8 sieve......... per cent. . 65.0 81.0
Weight of— ‘Water absorption: .
uel briquetted, In 23 days..... percent..|.......... 18.8
pounds............. 6,000 2,000 In 10 days......... do.... 100 |oeeenn....
Briquets, average, Average for first—
pound.............. 0. 642 0. 520 6days. ....... do.... 150 {.oeenol...
Heat value per pound— 5days......... do. .. fereannn.nn 2.60
Fuel as received, Specific, gravnty (apparent) 1.287 1.178
B.tou..o.oo.ooo. 10,870 10,870 . .
Fuel as. ﬁred B.t.u. 9,925 |..........
Binder......... do....| 16,805 16,805"

a The briquets made in this test were used in a special cupola test; see p 45.
b Water-gas pitch and unslacked lime, 8 per cent each.

Extraction analyses.

: . [ Briquets,.
. . Pitch. Fuel. test 247,

Laboratory No : . 4879 4763 4827
Air-dryi g loss, F. 1.30 1.30
Extracted by C
Air dried. .. .15 7.32
As received. .15 7.22
Pitch in briquets as rec [ RN P e 7.50




TESTS—MISCELLANEOUS. 295
MISCELLANEOUS NO. 10.
Coal designated Miscella,nec;us No. 10 was used in washing test 177.
WASHING TEST.

Miscellaneous No. 10 (slack).

Test 177.~Jig used, Stewart. Raw coal, 56,560 pounds. Washed coal, 40,160
pounds; 71 per cent. Refuse, 16,400 pounds; 29 per cent.

Analyses.
. . Raw | Washed
° . coal. coal.

6. 67 11.06

3LO6L f..........

Fixed carbon. . . 5119 [..........
Ash.............. R 10. 53 6.38
Sulphur..eeeenee i, s e, 1.55 1.30
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