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PORTLAND CEMENT MATERIALS AND INDUSTRY
OF THE UNITED STATES.

By Epwin C. EckEr, with contributions by ErNEsT F. BURCHARD
and others.

INTRODUCTION.

This report has been prepared in order to give information desired
by two classes of persons—owners of lands on which marl, limestone,
or clay deposits are found, and cement manufacturers or those who
desire to become such. For the benefit of those of the first class,

who wish to know whether a given material is suitable for Portland
cement manufacture, the writer has attempted, in Parts I and II
of the report (pp. 16-66), to describe the chemical and physical prop-
erties which a Portland cement material must have, and above all to
show that the value.of cement material depends almost entirely upon
its location with respect to fuel supply, transportation routes, and
markets. For cement manufacturers, present and prospective, who
want to know at what localities in a given State or group of States
cement materials will probably be found and who desire information
in advance of actual testing as to the physical and chemical character
of the materials, Part IIL (pp. 67 et seq.), dealing with the cement
resources of the separate States, has been prepared.

The report is intended to be a discussion of the Portland cement
materials of the United States, not a manual of cement manufacture
nor a guide to cement testing or utilization. A brief sketch of the
general status of the Portland cement industry is, however, presented
in Part I, in order to make the subject clear to the great number of
people who are interested, in one way or another, in the condition
and growth of this important branch of manufacture.

It is with pleasure that the writer acknowledges indebtedness to
the managers and chemists of the numerous Portland cement plants
throughout the United States. Most of these plants, with their
quarries or mines, have been personally examined by the writer,
and at every one of them all possible facilities have been afforded
for making a thorough examination. For obvious business reasons
some of the information obtained in this manner can be stated only
in a general way, but permission to publish most of it has been
freely given. The chapters which have been contributed mainly by
other geologists are credited directly to them in both text and table
of contents. Special acknowledgment is due to Mr. E. F. Burchard,
who has revised statistics and bibliographies, in addition to preparing
the sections directly credited to him. ' 1



PARTI. THE PORTLAND CEMENT INDUSTRY IN GENERAL. .
CLASSIFICATION OF CEMENTS.

The relations of the various cementing materials * used in modern
structural work may be concisely expressed as follows:
Plaster of Paris, cement plaster, Keene’scement, etc.
Common lime.
Hydraulic lime.
Natural cements,
Portland cements.
Puzzolan cement.

NONHYDRAULIC CEMENTS. A

Nonhydraulic cements do not have the property of ‘‘setting” or .
hardening under water. They are made by burning, at a compara- &
tively low temperature, either gypsum or pure limestone. The
products obtained by burning gypsum are marketed as ‘‘plaster of
Paris,” “‘cement plaster,” ‘‘Keene’s cement,” and so forth, according
to the process of manufacture. The product of burning limestone is
common lime. The plasters and limes will not be further discussed ,
in the present bulletin.

HYDRAULIC CEMENTS.
Hydraulic cements are those which set when used under water.
" This property, which is due to the formation during manufacture of
compounds of lime with silica, alumina, and iron oxide is possessed in
very different degree by different cements.

Nonhydraulic cements. {

Hydraulic céments. .. ..

HYDRAULIC LIMES.

Hydraulic limes are produced by burning, at comparatively low
temperatures, a natural siliceous limestone which carries so much
lime carbonate in proportion to its silica and alumina that the
burned product will contain considerable free lime in addition to the »
silicates and aluminates that have been formed. In consequence of _
the free lime the burned mass will slake, but in consequence of the
silicates and alumingtes it will slake slowly and will have hydraulic
properties. Hydraulic limes are thus intermediate between cements
and true limes. They do not fall within the scope of this bulletin.

NATURAL CEMENTS.

Natural cements are produced by burning a naturally impure lime-
stone, containing from 15 to 40 per cent of silica, alumina, and iron

t Eckel, E. C., Cements, limes, and plasters: Their materials, manufacture, and properties, 1905,
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CLASSIFICATION OF CEMENTS. 17

oxide, at a comparatively low temperature, about that of ordinary
lime burning. The operation can be carried on in a kiln closely re-
sembling an ordinary limekiln. During the burning the carbon
dioxide of the Limestone is almost entirely driven off, and the lime
combines with the silica, alumina, and iron oxide, forming a mass
containing silicates, aluminates, and ferrites of lime. . If the original
limestone contained much magnesium carbonate the burned rock will
contain a corresponding amount of magnesia. :

The burned mass will not slake if water be added. It is necessary,
therefore, to 'grind it rather fine. After grinding, if the resulting
powder (natural cement) be mixed with water it will harden rapidly.
This hardening or setting will also take place either in air or under
water. Natural cements therefore differ from ordinary hmes in two
noticeable ways:

(1) The burned mass does not slake on the addition of water.

(2) The powder has hydraulic properties—that is, if properly pre-
pared, it will set under water.

PORTLAND CEMENT.

Portland cement is produced by burning a finely ground artificial
mixture containing essentially lime, silica, alumina, and iron oxide
in certain definite proportions. Usually this combination is made
by mixing limestone or marl with clay or shale in such proportion
that the mixture will contain about three parts of lime carbonate to
one part of clayey materials. The mixture is burned at a high tem-
perature, approaching 3,000° F., in kilns of special design and lining.
During the burning, the lime combines with the silica, alumina, and
iron oxide, forming a semifused mass called “clinker,” which con-
sists of silicates, aluminates, and ferrites of lime in certain fairly
definite proportions. This clinker must be finely ground, and the
resulting powder (Portland cement) will set under water.

Portland cements differ from natural cements in the following
important particulars:

(1) Natural cements are not made from carefully prepared and
finely ground artificial mixtures but from natural rock.

(2) Natural cements are burned at a lower temperature than
Portland cement, the mass in the kiln never being heated high enough
to even approach the fusing or clinkering point. '

(3) Natural cements, after burning and grinding, are, as a rule,
yellow to brown in color and light in weight, having a specific gravity
of 2.7 to 3.1, whereas Portland cement is commonly blue to gray in
color and heavier, its specific gravity ranging from 3 to 3.2.

(4) Natural cements set more rapidly than Portland cement but
do not attain so high tensile strength.

48834°—Bull. 522—13——2



18 PORTLAND CEMENT MATERIALS OF UNITED STATES.

-(5) Portland cement is a definite product, its percentages of lime
silica, alumina, and iron oxide varying only between narrow limits,
whereas brands of natural cements differ greatly in composition.

PUZZOLAN CEMENT.

Puzzolan cements are made by mixing powdered slaked lime with
either a volcanic ash or a blast-furnace slag. The product is simply
a mechanical mixture of two ingredients, as the mixture is not burned
at any stage of the process. After mixing, the mixture is finely
ground. The resulting powder (puzzolan cement) will set under
water. '

Puzzolan cements are usually light bluish, and are of lower specific
gravity and less tensile strength than Portland cement. They are
better adapted to use under water than in air.

PREDECESSORS OF PORTLAND CEMENT.

Although the Portland cement industry has now attained great
importance, it is less than a century old and its period of rapid growth
did not_really begin until within the last quarter century. The
industry is therefore very young compared with the manufacture of
iron, for example. During earlier periods of the world’s history,
however, other cements were used in much the same fashion that
Portland cement is used to-day, and before taking up Portland cement
itself it may be of interest to sketch briefly the history of early
cement making and the character of the materials used.

ANCIENT PUZZOLAN CEMENTS.

There does not seem to be the slightest evidence that hydraulic
cements approaching the Portland type were ever used by Egyptians,
Greeks, or Romans in their structural works. The earliest cement-
ing materials of which there is any record were ordinary limes and

plasters much like those used to-day. The Romans were acquainted

with pozzuolana, a volcanic ash that is found abundantly in the
vicinity of Naples, which when powdered and mixed with black
lime possesses distinct hydraulic properties and gives results approx-
imating those of the modern hydraulic cements. Cements of this
type were used in many. of the early engineering works of Rome.
Puzzolan cements are still made, but the best-known representative
of the group is not made from volcanic ash but from blast-furnace
slag. ‘

During the Middle Ages, with the general retrogression in technical
knowledge, the use of even these primitive puzzolan cements seems
to have been discontinued. The material employed for holding
masonry together in large structural work was plain lime mortar,
though by using an abundance of time and by taking great care in
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preparing the lime, the mortar, and the stone, structures of very
remarkable strength and durability were finally developed. At a
few places in Europe impure limestones were burned to a lime
which necessarily must have possessed some hydraulic properties.
But these sporadic instances of the occurrence and use of what may
be considered a low-grade natural cement should not be allowed to
obscure the fact that the great masonry structures of the Middle
Ages were built with practically common lime.

. NATURAL CEMENTS.
EUROPEAN NATURAL CEMENTS

The almost exclusive use of lime mortar for structural work per-
sisted until very near the close of the eighteenth century, when a
new series of cementing materials, of distinctly more modern type,
was developed by careful experiment almost simultanecusly in
France and in England. These were the natural cements, and
cementing materials of this type have remained in use down to the
present day

In 1756, or thereabout, Smeaton, an English engineer, began a
series of experlments on lime mortars, in order to devise a lime suit-
able for marine construction, particularly for use in building the
Eddystone lighthouse. No record of these experiments was pub-
lished until 1791, so that they had no immediate influence on engi-
neering practice. Smeaton soon found that the property of hardening
under water, known to be possessed by some limes, was not due to
the purity of these particular limes, as had been long supposed. In
fact, the truth was quite the reverse, for the very impure clayey
limestones, when burned, would harden under water, and the pure
limes would not. Though the experiments of Smeaton were appar-
ently not carried to the point of making a true cement, his conclu-
sions regarding the effect of clay in hmestone opened the way for
further investigation and research.

The next step marked a great advance in practice. This was the
invention in 1796 in England and almost simultaneously in France of
a cement like our present-day natural or Rosendale cements. Parker,
who took out an English patent in 1796, later termed his new product
‘““Roman” cement, which was clearly a misnomer, for he had invented
a product never known to the Romans. The Parker patent contem-
plated the use, as a raw material, of certain concretions of clay and
limy matter which were common in some of the English coastal for-
mations. These concretions were to be burned ‘‘with a heat stronger
than that used for burning lime.” When so burned, the product
would not slake naturally when water was applied to it, as would an
ordinary lime. When powdered, however, and mixed into a paste
with water, it would harden not only in air but also under water,
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Parker’s cement soon came into general use in England, and similar
products were manufactured in France and in other portlons of the

Continent.
AMERICAN NATURAL CEMENTS.

DISCOVERY.

When the construction of the Erie Canal was undertaken, the use
of ordinary lime as mortar was contemplated. As a large amount, of
lime would be used for this purpose, many limestone beds throughout
the State were examined and tested. Good limes were found to be
available at many points along the course of the canal, and the engi-
neers had apparently no expectation of finding a better material.
During the progress of work on the middle section of the canal, how-
ever, it was found that the lime burned from a certain stone refused
to slake. The quarry from which this stone came had been opened
on the land of T. Clarke, in the town of Sullivan, Madison County, in
a bed of limestone which to all appearances was satisfactory enough.

The failure on the part of the contractor to deliver the lime brought
the matter to the attention of Benjamin Wright, engineer in charge of
the middle division, and Canvass White, one of his two associates.
Fortunately, White had visited England in order to secure as much
information as possible concerning the materials and methods then
employed in great public works and had devoted much time to a study
of the limes and cements used as mortar materials. Parker’s ‘‘Roman
cement’’ had then passed the experimental stage, and in both England
and France natural cement was gradually but steadily supplanting
lime as an engineering material. The cost of Parker’s cement, how-
ever, was an obstacle to its extensive use.

Because of this preliminary acquaintance with the subject, White
was peculiarly well fitted to- cope with the difficulty in Madison
County. He visited the Clarke quarry, examined and tested both the
quarry stone and the burned product, and decided that the obstinate
lime was really a high-grade natural cement, which required only
grinding to make it fit for use. Tests on a larger scale soon preved
that his conclusion was correct, and the first American natural cement
was put to extensive use in the locks and walls of the middle section
of the canal during the years 1818-19.

Fortunately, a contemporary professional estimate exists as to the
value of this material. Wright, in a letter dated in 1820, summarizes
the facts regarding White’s cement, stating that it ‘‘is found to be a
superior water cement and is used very successfully in the stonework
of the Erie Canal and believed to be equal to any of the kind found
in any other country. It is pulverized (as it will not slake) and then
used by mixing two parts lime and one part sand. It hardens best
under water, and it is believed its properties are partially lost if per-
mitted to dry suddenly or if not used soon after mixing.”
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Ninety years of testing have hardly given a more satisfactory
summary of the properties of natural cements than is contalned in
Wright's last sentence.

Another contemporary account (1821) states that ‘‘the price of this
lime, pulverized and burnt and delivered at Utica, is 20 cents the
bushel.”

White took out a patent on this cement, and for several years a
controversy raged as to its tenability. The matter was settled in
1825, so far as the State of New York was concerned, by the action of
the leglslature which bought the patent rights for New York from
White for $10,000 and immediately threw them open to the free use
of citizens of the State.

It is pleasant to know that the discovery and prompt utilization of
this new material by White and Wright were rewarded with equal
promptness by their professional advancement on the canal work.

The chemical character of this first American natural cement
is established by an analysis, made in 1822 by Seybert, of a sample
of the limestone used in its preparation. The analysis gave the
following results:

Analysis of the first American natural cement.

S (53 10) PR OO 11. 766
Aluming (ALOg) vt e ii et eeaaaaans 2.733
Iron oxide (FegOg) . e o uuieiiiincte i iiacieri it c e 1. 500
Lime (Ca0) ..o oeiiiiiiii ittt ittt ce et aaaaens 25. 000
Magnesia (MgO0). ...t 17.833
Carbon dioxide (CO2)...uuunriiiiiiaiaiiiiieiarieieeiaaann. 39.333
MOTStUE. . e e e ee e eee e e 1. 500

99. 665

“If this analysis be accepted as representative of the rock used, the
resulting cement would have a cementation index of 0.74 and at the
present day would be regarded as a hydraulic lime rather than as a
natural cement.

GROWTH OF THE NATURAL CEMENT INDUSTRY.

The use of the Madison County cement on the canal stimulated
search for other deposits of cement rock. In Wright’s letter he states
that this rock ‘‘is found in great abundance in the counties of Madi-
son, Onondaga, and Cayuga.” He thus outlined - what has since been
the natural cement district of central New York. Later in the same
letter Wright remarks: ‘‘I do not know that it is found in the coun-
ties west of Cayuga, but presume from the geological character of that
country it may be found in all the country west to Niagara, and prob-
ably farther west.” - Within a few years this proved to be a fact,
cement rock being discovered in Erie Coynty, in the extreme western
»art of the State.
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The first natural cement manufactured in Erie County was made
in 1824 at Williamsville. In 1839 Jonathan Delano erected cement
works at Falkirk, near Akron, making about 2,000 barrels of cement
the first year. He furnished the cement for the feeder dam at Tona-
wanda Creek and for the Genesee Valley Canal. In 1843 the business
passed to the hands of James Montgomery, who increased the output
to 10,000 barrels a year. The business afterward came into the
possession of Enos Newman, a partner of Montgomery, and has
been in his family ever since.

In 1854 H. Cummings & Son established a natural cement plant at
Akron, which was operated for several years. This plant was suc-
ceeded by another, managed by sons of the founder. The Akron
plant was sold to the Akron Cement Co. in 1871, and the Cummings
brothers erected another plant about 2 miles west of Akron.

The first natural cement made within the present limits of Buffalo
was manufactured in 1850 by Warren Granger. His plant was near,
Scajaquada Creek, just below the Main Street Bridge, in what is now
Forest Lawn Cemetery. In 1874 Lewis J. Bennett commenced the
manufacture of natural cement at Buffalo Plains, near Main Street.
This establishment, which has been carried on continuously under the
control of the Bennett family, is now incorporated as the Buffalo
Cement Co. '

Third among the districts in point of age came the Rosendale region
of eastern New York, which, however, soon became first as a producer
and has ever since maintained a high standard in both the quality and
quantity of its output. o

The discovery of cement rock and the commencement of manufac-
ture of natural cement in the Rosendale district took place apparently
about 1825, though there is considerable uncertainty as to the exact
date. The industry, however, did not develop so rapidly as might be
supposed, for in 1843 W. W. Mather * referred to the immediate past
as follows:

When making the reconnaissance [in 1837], soon after the commencement of the
geological survey, the business had but commenced, and there was no cement manu-
factured on the Rondout except at Lawrenceville, and there but few kilns were in
operation. It was not then known to the inhabitants that the cement rock was
abundant except at and near these quarries until some of them were then informed
of its inexhaustible quantities. Even now few are aware of the great extent of the
rock and still fewer understand how to trace out the situation of favorably located new
quarries.

During the six years that had elapsed since 1837, however, the
industry seems to have grown rapidly, for in his final report (1843)
Mather statés ? that 16 firms, working 60 kilns, were then operating
in the Rosendale district. He estimated the product at 500,000 to

1 Geology of the first geological district: Nat. Hist. New York, div. 4, pt. 1, 1843, p. 330.
2 Jdem, p. 329.
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600,000 barrels per year, and notes that about 700 men were employed
in the quarries, in the mills, and in handling the cement.

Soon after the industry had become established in New York it was
taken up in several other States. R. W. Lesley has pointed out the
direct relation of the early natural cement industry to the canal con-,
struction, which was then so prevalent.!

The first large public works built in this country were the canals, and the most
necessary thing to build a canal was mortar that would hold the stones together at
the locky or walls under water. Consequently, wherever canals were to be built
there was a search for cement rocks, and all the earliest works in this country were
established on the lines of the canals. Thus, on the Chesapeake & Ohio Canal were the
Cumberland and Round Top Works; on the Lehigh Canal, the works at Siegfrieds
and Coplay, Pa.; on the Richmond & Alleghany Canal, the works at Balcony Falls,
Va.; on the Delaware & Hudson Canal, the large group of works at Rosendaleand
Kingston; and on the Falls of the Ohio Canal, the large aggregation of works about
Louisville. From this fact grew the early package used in shipping cement in
this country, the barrel, which was the package best adapted to water transportation;
and it took many years to overcome the prejudice against any other form of package
and to substitute the paper or duck bag for the barrel.

The following table shows the dates of establishment of the natural
cement industry in various localities in the United States between

1818 and 1901:

Dates of establishment of the natural-cement industry in different States.

T

State. Location. Date.

California. ...........ooeeeann. Benicia.. ..o 1860
Connecticut................... Kensington.............................] 1826
Georgia. ..o Howard. ... ... ... ... ... ... ..... 1851
[+ Y Rossville..oovunaneeno oo 1901
1Hnoi8. coae e Utica. .o oei e 1838
Indiana-Kentucky............. | Louisville..........o.oouiiiLLL 1829
Kansas...ooeeeeeeeneeneeonoy Fort Scotto oo 1868
Maryland...................... Round Top..........oocooociiiiioil| 1837
| 1S S, Cumberland............................ 1836
Doueeeniaaeae .| Antietam........ ... .. ... P 1888
Minnesota................. . Mankato.............. L. 1883
10 Austin.......o..... . 1895
New Mexico.eeoeeeeonnaa .. L. Springer.....ooiiiii 1899
New York....ooooieeeeoooofAkrona oo 1839
Do Williamsville..................... ceeann 1824
Do Buffalo............. .. ... .. ... ...... 1850
Dooeeeriiii i Onondaga and Madison counties........ 1818
Doceeaee Rosendale district......oveeeuneeeno. .. 1825
Doceeveneei e Howe'sCave......oooov oo 1870
North Dakota:......coooieeeo... Pembina.......... ... ... .. ... .... 1895
OhiO. e Defiance.............cooo ... 1846
| 0 T Barnesville........... e, 1858
Pennsylvania............. .. .. Williamsport.............oco.oooooiao. 1831
Doeeeaei e Lebanon (...l 1825(7)
DO Lehigh district....... 1850
Virginia........................| Balcony Falls..... . 1848
West Virginia.. Shepherdstown..................... .. .| 1829
Wisconsin....ccoeeeee.. ... Milwaukee.......... .. ... .. ... ..., 1875

1 Cement Age, vol. 7, 1908, p. 245. -
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The natural cement industry grew rapidly in the United States,
reaching a maximum production of not quite 10,000,000 barrels in
1899. After that date, however, it began to suffer heavily from the
competition of domestic Portland cement, and in the last decade its
~output has shown an almost continuous rapid annual decrease, until
now it has become relatively unimportant. This matter will be noted
further in discussing the statistical growth of the American Portland
cement industry (pp. 31-32).

PORTLAND CEMENT.
INVENTION AND EARLY HISTORY.

ASPDIN’S PATENT.

SPECIFICATION.

In 1824 Mr. Joseph Aspdin, of Leeds, England, received a British
patent for a cementing product which he named Portland cement.
The name was due to a rather fanciful resemblance between the set
cement and a well-known English building stone—the oolitic lime-
stone of Portland.

Aspdin’s specification, which is numbered 5022 and dated October
21, 1824, is as follows:!

My method of making a cement or artificial stone for stuccoing buildings, water-
works, cisterns, or any other purpose to which it may be applicable (and which I
call Portland cement) is as follows: T take a specific quantity of limestone, such as
that generally used for making or repairing roads, after it is reduced to a puddle or
powder; but if I can not procure a sufficient quantity of the above from the roads,
I obtain the limestone itself and I cause the puddle or powder or the limestone, as
the case may be, to be calcined. I then take a specific quantity of argillaceous
earth or clay'and mix them with water to a state approaching impalpability, either
by manual labor or machinery. After this proceeding I put the above mixture into
a slip pan for evaporation, either by the heat of the sun or by submitting it to the
action of fire or steam conveyed in flues or pipes under or near the pan, until the
water is entirely evaporated. Then I break the said mixture into suitable lumps
and calcine them in a furnace similar to a limekilu till the carbonic acid is entirely
expelled. The mixture so calcined is to be ground, beat, or rolled to a fine powder
and is then in a fit state for making cement or artificial stone. This powder is to be
mixed with a sufficient quantity of water to bring it into the consistency of mortar,
and thus applied to the purposes wanted.

TECHNICAL VALUE OF ASPDIN’'S INVENTION.

As Aspdin’s patent is often criticized for its vagueness, it is of inter-
est to examine it more closely and get some idea of its real technologic
importance. It seems clear that the specification of his patent cov-
" ered the general method of Portland cement manufacture most suitable
for the raw materials available to him, though it certainly omits to
mention certain important factors or limitations in that process. - To
put his invention into simpler form, it may be said that Aspdin

1 Redgrave and Spackman, Calcareous cements, 2d ed., 1905, p. 31,
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specified that a pure limestone was to be burned to lime. This lime
was to be mixed with a definite quantity of clay, and the mixture was
then to be pulverized in a wet state. The wet mixture was to be
dried and crushed and then calcined in a vertical kiln; and finally
the burned product was to be powdered.

It is unquestionable that this was really a very clear and definite
description of the manufacture of Portland cement by a wet-mixing
and grinding method. When this method was applied to hard lime-
stone, burning in two stages was almost a necessary consequence.
Aspdin’s process, substantially as described, was in high favor -until
1875 or thereabout, then fell into disuse, but now seems to be again
becoming of interest to cement manufacturers.

The only serious omissions in the Aspdin specification are that the
relative amounts of lime and clay to be used are not even approxi-

mately stated and that no mention is made of the necessity of burn-

ing the mixture at a temperature considerably above that of an ordi-
nary limekiln. But that these omissions were due not to lack of
knowledge, but to carelessness or secretiveness in framing the speci-
fication, is shown by the fact that Aspdin was actively engaged in Port-
land cement manufacture within a year of the issuance of his patent,
and that the Aspdin family long continued prominent in the English
Portland cement industry.

CONTEMPORARY NOTICES OF ASPDIN'S INVENTION.

In view of the great industrial importance attained by the Portland
cement industry developed under the Aspdin patent of 1824, the
writer thought it of interest to examine the files of several tech-
nical journals of that period in the hope that some contemporary
mention of the invention might be found. This search was success-
ful, and two of these contemporary notices are here reproduced.

Aspdin’s patent was applied for, it will be recollected, in 1824, the
specification being dated October 21. In its issue of February 5,
1825, the London Mechanic’s Register mentions the granting of the
patent in the following terms, under the simple caption ‘Artificial
stone’’:

Mz, Joseph Apsden,! of Leeds, has taken outa patent for a new mode of producing an
artificial stone or cement for the covering of buildings. He calls it Portland cement,
from its resemblance to Portland stone; its component parts are as follows: A given
quantity of limestone, of the kind usually employed for mending roads, is to be pul-
verized by beating or grinding, or it may be taken from the road in a pulverized state,
or in the state of puddle; this, when dried, is to be calcined in a furnace in the usual
way. A similar quantity of argillaceous earth or clay is then to be mixed in water
with the calcined limestone, and the whole perfectly incorporated by manual labor or
by machinery into a plastic state. This mixture is then to be placed in a shallow

vessel for the purpose of evaporation, and then to be submitted to the action of the air,

1Tt should be noted that in these early references Aspdin’s name i{s mispelled Apsdin or Apsden.
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the sun, or the heat of fire, or steam conducted by pipes or flues under the pans or
evaporating vessels. This composition, when in a dry state, is to be broken into lumps
of suitable sizes, and is then to be calcined again in a furnace similar to a limekiln
till the carbonic acid has been entirely dispelled. The mixture so prepared is then to
be pulverized by grinding or beating, and when reduced to a fine powder is in a fit
state for use, and with the addition of so much water as will be sufficient to bring it
into the consistency of mortar will, when applied to its purpose, make a compact and
durable stone equal to the Portland stone itself.

The above notice, it will be seen, is merely a bare outline of the
matter set forth in the patent specifications, with nothing added in
the way of editorial comments. Another notice, of slightly earlier
date, is more interesting. It appears in the Register of the Arts and
Sciences (London) of January 22, 1825, under the heading ““ Apsdin’s
patent Portland cement, or artificial stone.”” This notice is as follows:

This is a patent lately granted to Mr. Apsdin, a mason, of Leeds, for an earthy
preparation, which he calls Portland cement. Its composition, that of equal parts
of limestone and aluminous earth, has been long known to the chemical world as
forming a hard stony cement; a fact that ought to have been communicated to Mr.
Apsdin by the person who assisted him in his specification, which would have saved
him the useless expenditure of about £120. As it is, his exclusive privilege of manu-
facture can only extend to the peculiar process set forth in his specification, and we
sincerely hope he may make a good profit by the undertaking.

The patentee directs that common limestone is to be pulverized and then calcined
in a furnace. A like quantity of clay is then to be mixed with the calcined lime-
stone in water and made into a plastic paste. This composition is then to be dried,
tobebroken into lumps, and calcined again, until the carbonicacid has been driven off,
when it is to be taken out of the furnace and reduced to powder. It isemployed asa
cement, or artificial stone, by mixing with the powder a sufficient quantity of water
to make it into a paste, when it quickly solidifies into a hard substance.

The following account of a similar composition is extracted from a French work:

“M. Bruy finds that an excellent artificial puzzolana may be made by calcining,
at a red heat, three parts of clay with one part of slaked lime, by measure. M.de St.
Leger, who makes the article for sale, considers these proportions as the best.”

GROWTH OF THE PORTLAND CEMENT INDUSTRY IN EUROPE.

Though Aspdin, as already noted, was almost immediately engaged
in the commercial manufacture of his new cement, the Portland
cement industry of England for some years grew very slowly. The

same was true on the Continent, where the manufacture of Portland ...

cement was soon taken up. The natural cements had gained a firm
foothold, and at the necessary difference in price it was difficult to
displace the earlier type. At first, too, both types were used entirely
as cementing materials proper, to hold together bricks or stone; the
use of cement in mass, in the form of concrete, came much later.
This naturally restricted the growth of both the Portland and the
natural cement industries.

About 1850, however, a distinct increase in the use and production
of Portland cement, both in England and on the Continent, became
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noticeable. From this time on Portland cement rapidly displaced
the older natural cements in all European markets and gradually
became an important article of import into the United States.

THE PORTLAND CEMENT INDUSTRY IN AMERICA.
EARLY HISTORY OF AMERICAN PORTLAND CEMENT.

In spite of the rather rapid development of the Portland cement
industry abroad, particularly in England and Germany, after 1850 or
thereabout, it was not until the end of the third quarter of the nine-
teenth century that its manufacture was actively taken up in the
United States. Then, like many other industries, it took life almost
simultaneously in several parts of the country, experiments in the
manufacture of Portland cement being carried on almost or quite
independently at a number of small plants in New York, in the Lehigh
district, in western Pennsylvania, in Michigan, and in Maine.

Apparently the first attempt at Portland cement manufacture in
the United States was made in 1872, when an experimental plant was
constructed at Kalamazoo, Mich., the material used being a mixture
of marl and clay. This project seems to have been commercially
unsuccessful; little can be learned concerning its history and it cer-
tainly exercised no influence on the slightly later developments in
New York and Pennsylvania.

In 1875 a true Portland cement was being made commercially at
a small plant in western Pennsylvania, the raw materials used being
limestone and clay. This plant, which was located at Wampum,
Pa., was the basis of the Crescent Portland Cement Co., which is still
in existence. At about the same date, several small experimental
plants were erected in the Hudson River district in New York.
These did not result in any immediate development of the industry
in that State, and their history can be disregarded here, particularly
as it is described in detail on pages 284-285 of this bulletin.

In the meantime, and in a manner almost entirely disconnected
from the above experiments, the foundation for the great Portland

- cement industry of the Lehigh district was being laid, the start being
made under rather unpromising conditions. Natural cement had
long been manufactured in the Lehigh region, and in the early
seventies D. O. Saylor and his associates began selecting from the
natural cement rock quarries the stone which would on burning
yield a Portland cement. The result, though always variable and
often (perhaps usually) unsatisfactory, was that a certain small ton-
nage of good Portland cement began to be produced annually in this
district, really as a sort of by-product of the natural cement industry.
The present Coplay Cement Manufacturing Co. is the direct outgrowth
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of this first successful attempt to manufacture Portland cement on a
commercial scale in the Lehigh district.

The Portland cement industry had now gained at least a foothold
in the United States, and within the next 10 or 15 years small plants
were established in several localities. To understand properly the
importance of the next development, it is necessary to consider briefly
the technologic status of the industry during its early American
growth, for the next factor to appear, though one which seemed at
first to be of technologic interest solely, finally completely revolu-
tionized the Portland cement industry of the world and- placed the
American industry far in advance of its European congener.

TECHNOLOGY OF PORTLAND CEMENT, 1875-1885.

AMERICAN MODIFICATIONS.

" When the manufacture of Portland cement was first taken up in
the United States the natural tendency was to follow closely along
European lines, both as to raw materials and processes. At that
date nearly all if not all European plants used soft natural raw
materials, which were mixed and ground in a wet condition and burned
in stationary vertical kilns, the resulting clinker being then ground
by millstones. In all of these respects European practice was faith-
fully followed by some of the early American plants, among them
the plants at Kalamazoo (Mich.), South Bend (Ind.), and Wayland
(N.Y)).

This pr ocess, however, was not par tlcularly well adapted even to
conditions in England and Germany, and in the United States was
almost prohlbltlve Itinvolved reducing the raw materials to powder
or to a wet slurry; mixing them to a paste with water; forming the

mixture, after partial drying, into bricks or balls; charging these -

bricks, often by hand, into the vertical kiln in which they were burned;
unloa,dinﬂ the kiln, also by hand, and finally grinding the clinker in a
pecuharly meffectlve and expensive way.

When both of the raw materials to be used were naturally wet and
naturally soft, as when marl and clay were used, the earlier stages of
the wet process were of course considerably simpliﬁed and relatively
inexpensive. But with the hard, dry rawmaterials used in the Lehigh
district the wet process was as expensive as it was absurd. This fact
was recognized early, and for a number of years after the first success-
ful experiments little or no increase in the American output of Port-
land cement could be noted, the margin of profit as against foreign
cements cheaply laid down in the coast cities being too small to
encourage the American manufacturer to take up large-scale pro-
duction.

It was early recognized by those who had commenced the experi- -

"mental manufacture of Portland cement in the United States that the

Fg
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relatively dear labor and cheap fuel of America, as contrasted with
the cheap labor and dear fuel of Europe, would necessitate great
changes in the technology of the industry if it were ever to be estab-
lished on a firm -commercial footing. The most interesting features
of the early American experimental work, indeed, were the frank
acceptance of these conditions and the careful search for alternative
methods.

In the general effort to cut down the excessive labor cost of the prod-
uct, two distinct though interrelated points of attack were obvious.
In order to fit. the industry satisfactorily into American labor and fuel
conditions, both the burning and the grinding processes must be
cheapened by mechanical improvements. Both of these points
received prompt attention, and both the necessary improvements
were effected when the old stationary kilns and millstones were dis- -
placed, respectively, by the rotary kiln and by modern grinding
machinery.

THE ROTARY KILN AND ITS EFFECT ON THE INDUSTRY.

* Of the two changes, the substitution of the rotary for the station-
ary kiln demands the greater attention, not only because it is the more
distinctively American but also because of its important effects on
the industry. Though the rotary was foreshadowed at an earlier
date, the Ransome patents (Great Britain, 1885; United States,
1886) are usually considered to be the basis of its later developments,
the kilns now in use being the direct successors of those of the Ran-
some type. : -

For present purposes it is sufficient to describe the rotary kiln as a
steel cylinder lined with fire brick and set at a slight inclination to the
horizontal. The raw mixture is fed in at the upper end and travels
slowly downward by gravity as the kiln is revolved. The fuel is
blown in at the lower end, and the burned clinker also falls out at this
lower end. It had been expected that the fuel to be used in the Ran-
some kiln would be producer gas, but as a matter of fact when the
rotary was first successfully used in the cement industry—at South
Rondout, N. Y., in 1889—petroleum was used as fuel, and for some
years its use continued to be the current American practice.

At the South Rondout plant it was found possible to charge the
mixed and ground raw materials direct to the kiln without wetting,
so that another step had been made in the industry. In 1891, at
Montezuma, N. Y., naturally wet raw materials (marl and clay) were
charged into the kiln without preliminary drying. The two main
types of present American practice were thus in existence—the dry
process, used with limestone or cement rock, and the wet process,
used with marl. Of the two, the dry process has proved far the more
economical-and at present is almost universally used.
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The next step in the development of American cement manufactur-
ing methods began about 1895, when powdered coal was first substi-
tuted for petroleum as fuel. Its use very soon became standard
practice throughout the United States, except at the few localities
where petroleum or natural gas abounded.

The most recent development in the rotary kiln has been purely
a matter of dimension. In 1903 American rotaries had become
practically standardized in size and capacity. Almost every kiln
in the country used on dry materials was 60 feet in length, and a kiln
of this size had a rated capacity of 200 barrels of cement a day. In
the Lehigh district the 60-foot kilns usually yielded a little more than
their nominal capacity, and elsewhere a little less. Beginning with
the proved success of longer kilns at the Edison plant, however, a
rapid lengthening commenced about 1905 and as yet has not steadied
down to anything like standardization. The kilns now installed
usually range between 100 and 150 feet in length and yield from 400
to 800 barrels a day. A few kilns 250 feet in length are in operation.

IMPROVEMENTS IN GRINDING.

Parallel with the changes in type and capacity came the great
changes in crushing and grinding machinery which have produced the
enormous tonnages of raw and finished material. The cracker
crushers and millstones of the early industry have given place to
larger and more efficient reducers. At present the gyratory crusher
is almost exclusively used for the first stage of reduction. For finer
grinding Griffin and Huntingdon mills were at first used; later ball
and tube mills came into favor; but at present there seems to be some
reaction toward earlier types.

GROWTH OF THE AMERICAN INDUSTRY TO 1904.

In 1905 the United States Geological Survey published; as its
Bulletin 243, a report on the cement materials and industry of the
United States, prepared by the present writer. The introduction to
Bulletin 243, written in 1904, contained the following statements,
which will bear repetition here because the industry has advanced so
rapidly that the summary of its growth to 1904 already has a certain
historic interest.

The marvelous growth of the American Portland cement industry during the last’
decade has created a widespread interest in the raw materials and in the methods of
manufacture of Portland cement—the most important of the cementing materials.
This interest is not confined to those who have a direct financial stake in the industry,
ag, the product is so widely used and its uses are so rapidly increasing that some
knowledge of its manufacture and properties is of advantage to everyone connected,
directly or indirectly, with engineering or building operations. In its importance
to our present civilization cement is surpassed among mineral products only by iron,
coal, and oil; in rate of increase in annual production during the last decade even
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these three products can not be compared with it. In 1890 the total production of
Portland cement in the United States was 335,500 barrels, valued at $439,050; in
1903 it exceeded 22,000,000 barrels, while the value was over $27,000,000.

During the 16 years which witnessed the development of the American Portland
cement industry two of the greatest gold discoveries in the world’s history <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>