MANGANESE.

By D. F. HEwerT.

INTRODUCTION. .

Manganese is an essential element in the steel industry. Prior to
1870 the iron used was largely in the form of cast and wrought iron
and crucible steel, to which no manganese is added. The develop-
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FieurE 1.—Dijagram showing the production of Bessemer and open-hearth stee and the combined pro-
duction and imports of spiegeleisen and ferromanganese, 1901-1915,

ment of the Bessemer and open-hearth processes of making steel
about 1870 created a demand for manganese alloys, and during
recent years about 14 pounds of manganese in the form of ferro-
manganese or spiegeleisen is added to every ton of steel produced by
these processes. Ferromanganese contains from 77 to 80 per cent of
manganese and is largely used in making open-hearth steel. Spiegel-
eisen contains 12 to 33 per cent of manganese and is largely used in
making Bessemer steel. Manganese also forms a large part of certain
alloys that are almost essential to modern industry and are used
especially in the manufacture of grinding and crushing machinery.
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In addition, certamn grades of manganese ore are needed for the
manufacture of dry batteries.

As most of the manganese in Bessemer steel is added in the form-of
the low-grade manganese alloy spiegeleisen, and as the higher-grade
ferromanganese is used in making open-hearth steel, it should be
expected that the sum of the production and imports of these alloys
should show a close relation to the production of Bessemer and open-
hearth steels, respectively. This relation is shown in figure 1, which
shows also the general decline in the production of Bessemer steel in
the United States during recent years and the great advance in the
production of open-hearth steel. The extent to which this displace-
ment of one variety of steel by the other is due to factors of cost, on
the one hand, and qualities of product, on the other, is probably a
matter concerning which only steel metallurgists are competent
judges. The same may be said concerning the possibility of using
spiegeleisen instead of ferromanganese in the open-hearth process.
There can be no doubt, however, that if imports of ferromanganese,
as well as of the high-grade ores needed to make it, were shut off,
considerable readjustment in either practice or plants would be
necessary to maintain the present rate of production. :

At present most ferromanganese is made by smelting in the com-
mon type of iron blast furnace a mixture of high-grade manganese ore
with enough iron ore to make a product containing about 80 per cent
of manganese and 15 per cent of iron. Recently a small tonnage of
ferromanganese has been made in the electric furnace, but informa-
tion at present available indicates that the electric process can com-
pete with the blast-furnace process only where there are exceptionally
favorable local conditions, such as the proximity of sources of ore to
sources of cheap electric power. . In both processes the losses of man-
ganese in slag and flue dust and by volatilization are large. For
both processes ore containing at least 40 per cent of manganese, less
than 8 per cent of silica, and less than 0.2 per cent of phosphorus is
desired. :

Spiegeleisen is made in the blast furnace, and at present more than
half of the amount produced is obtained by smelting manganiferous-
zinc residuum, which contains about 40 per cent of iron and 14 per
cent of manganese. Spiegeleisen may be made from mixtures of
high-grade manganese ore and iron ore, from manganiferous iron ore,
and from manganiferous silver ore.

‘ GENERAL' CONDITIONS.
MANGANESE AND MANGA\IIFEROUS ORES.

For convenience in presenting statistics the Umted States Geolog-
ical Survey recognizes four classes of materials that contain man-
ganese. (1) Manganese ore, most of which contains more than 40
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per cent of manganese, is used in making ferromanganese and dry
batteries. (2) Manganiferous iron ore, most of which contains from
12 to 25 per cent of manganese, is largely used in making spiegeleisen, .
but some is mixed with high-grade imported manganese ore to make,
low-grade ferromanganese and some is used to make high-manganese
pig iron. (3) Manganiferous silver ore, whose composition closely
resembles that of manganiferous iron ore, is largely used as a flux by
lead smelters, but from time to time large quantities are smelted to
spiegeleisen. (4)" Manganiferous zinc residuum is similar in compo-
sition to manganiferous iron ore and is smelted to spiegeleisen.

The following table shows the number of operators of manganese
mines that reported to the Survey for 1912 to 1915 and the number
that shipped ore during those years:

Operators of manganese mines in the United States, 1919-1915.

1912 1913 1914 1915

Reported. |Shipped.| Reported. |Shipped.| Reported. |Shipped.| Reported.|Shipped
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The largest domestic production of manganese ore for a single year
was but 34,524 tons in 1887, and since that year, except for several
brief periods, the domestic productlon has declined rather steadily.

The average annual production from 1880 to 1915 was 10,645 tons.
Although one mine is reported to have produced about 250,000
tons most of the product has come from many small mines worked
intermittently. Information concerning many of the deposits indicates
that they were formed by the accumulation near the surface of man-
ganese originally disseminated in minute quantities through the adja-
cent rocks. In order to obtain a marketable product from most of
these mines, the raw 6re must be washed and concentrated. On account
of the nature of the deposits and conditions in the industry, little ore
is developed in advance of mining, so that the extent of the individual .
deposits is not accurately known.
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- In contrast with the domestic production, the imports of manganese
ore, largely from India, Brazil, and Russia, have rather steadily risen
in proportion to the production of steel. The extensive deposits of
these countries are rich enough to permit the shipment of large quan-
tities of ore without concentration. The subjoined table shows the
relation of the production and imports of manganese ores and alloys
to the production of steel in the United States. The table also shows
that whereas Russia, India, and Brazil commonly contribute to the
imports into the United States, each country in turn has supplied the
largest quantity for short periods. ’

Manganese alloys and ore produced in the United States and imported from important
Joreign sources, 1890-1916, in long tons. :

Steel. Ferromanganese. Spiegeleisen. . Manganese ore.
. Year. Imports from—
;| Produc- L | Produc- Produc-| Total
Production. tion. Imports. tion. Imports. tion. |imports.

Russia. | India. | Brazil.

34,154

585721
68,113

212,765
3, 242,348
23,676,106 | 174,602 | 80,263 /104,013 | 20,970 | 72,457 | 176, %52
31,251,303 |7125,378 | 99,137 |7102,561 | 1,015 | 71,664 | 300, 661
31,300,874 |1119,495 | 128, 070 |/106, 980 77| 74,048 | 345,000
23,513,030 |7100,731 | 82,997 | £ 76,625 | 2,870 | 72,635 | 283,204
32,151,036 |7144,260 | 55,263 | /114,556 200 | 79,700 | 313,985

(9)  [h221,532 | 90,928 [h104,002 |......... 433,000 | 576,321

19; I?gg;:e, Frank, The manganese ore industry of the Caucasus: Am. Inst, Min, Eng. Trans., vol. 28, p.
b First shipment mads from India.
¢ First shipments made from Braail,
@ Figures for ferromanganese and spiegeleisen combined prior to 1901.
¢ Figures for fiscal years only available prior to 1901.
f Marketed production,
¢ Figures not yet available,
& American Iron and Steel Institute.
¢ Estimated,

Deposits of manganiferous iron ores have been worked in several
States.. With the exception of those in the Lake Superior region, the
ores from most of which contain less than 5 per cent of manganese
and are therefore smelted to pig iron, most deposits of manganiferous

“iron ore in the United States have a geographic distribution similar
to those of manganese ore. Many deposits yield material of both
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classes. The following table shows the fumber of operators of man-
ganiferous iron and silver mines that reported to the Survey for 1912
to 1915 and the number that shipped ore during those years. The
operators of those deposits in Marquette County, Mich., and Iron
County, Wis., whose product is smelted to pig iron are not included
in the table:

Operators of manganiferous iron and silver mines in the United States, 1912-1915,

1912 1913 1914 1915

Reported. [Shipped.| Reported. {Shipped.| Reported. |Shipped.| Reported. [Shipped.

Arizonaa ... oiaii e e e 1 1
Arkansas.. 2 1 3 2 2 2 3 2
Colorado e 20 20 24 24 23 23 52 52
Georgia. . .vveeneirifoaennnrneiinaaie e 1 1
Minnesota. . . 0 0 2 1 3 2 10 3
Nevadace ..., [ Y el [ 1 1
Vermont..... cee 1 0 1 0 1 0 1 0
Virginia.............. 2 2 3 0 4 4 6 6
- 25 23 33 [ 27 33 31 75 66
Oreshipped, long tons|........... 51,817 {..ooe...... | 85,603 [....cnn.... 98,265 |........... 185, 238

e Manganiferous silver ore.

Manganiferous silver ore is derived largely from the Leadville dis-
trict, Colo., where the weathered parts of lead-silver deposits contain
sufficient manganese, iron, and silver to warrant shipment to lead
smelters for use in fluxing. From time to time the Colorado I'uel &
Iron Co. manufactures spiegeleisen from these ores. The manganif-
erous silver ore may be regarded as a by-product of the mining of the
lead-silver ore of the district, for if the mines were not operated for
that purpose it would not pay to extract the manganiferous ore.

Manganiferous zinc residuum is a by-product of the smelting of
manganiferous zinc ore from mines near Franklin Furnace, N. J.
After the zinc is extracted the residue is smelted to spiegeleisen. As
zinc is the most valuable product, the output of the mines varies with
the demand for zine and zine oxide.

As the approximate composition of each of these varieties of ore has
been submitted by the shippers, it is possible to calculate approxi-
mately the amounts of metallic manganese which they contained.
The sum of these amounts, which are shown in the table below, less
the losses in reduction, which range from 15 to 50 per cent, gives &
figure that represents approximately the amount of metallic manga-
nese which would have been available if all the current domestio
supply of ore had been converted to manganese alloys. Most of the
Colorado and Nevada manganiferous silver ore was not smelted to
manganese alloys, however, but was used as flux in smelting lead ore.

A part of the manganese ore and manganiferous iron ore was used
directly to make dry batteries and other articles.
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* On the last line of the table are given the percentages of the total
manganese needed by the domestic steel industry as alloys that could
have been supplied by domestic deposits if all the ore had been re-
duced. According to this calculation, domestic deposits could have
supplied during 1915 at most only one-fifth of the demand for man-
ganese in alloys.

Manganese recoverable from ore produced in the United States, 1912-1915, in long tons.

1912 1913 1914 1915
Source. " M M A
an- an- an- an-
Ore. ganese. Ore. ganese, Oro. ganese. | Ore. ganese
Manganese ore. .. 1,064 799 4,048 1,943 2,035 1,205 §, 709 4,660
Manganiferous
iron oresec...... 2,899 580 35,850 6,646 58,384 10,732 48,193 9,040
Manganiferous .
silver ores...... 48,618 7,203 | 49,753 5,970 | 39,881 6,780 | 137,045 17,504
Manganiferous-
~ zincresiduum. .| 104,670 13,701 | 102,239 13,996 | 100,198 14,438 | 159,318 23,053
22,373 |....... el 28,555 |aeiininans 33,215 |..viannnnn 54,257
Manganese  Te- :
coverable as al- :
Joys..coveeiinaneaiaan, 15,023 |.......... 19,096 |.......... 22,312 f...oieeaas 36,792
Percentage of to-
tal manganese
_meeded........ |l (% PP 8.8 aiiiiails 13.8 |.oivvnnnan 21.0

o Exclusive of Marquette County, Mich., and Iron County, Minn.
FERROMANGANESE AND SPIEGELEISEN.

" The ferromanganese needed for the American steel industry has
been supplied in part by imports of the alloy itself and in part by
domestic manufacture from imported ore. It is evident that the
domestic manganese ore is the source of little ferromanganese. The
available data for spiegeleisen, however, show that prior to 1914 about
half of the domestic product was made from domestic ore, During
recent years the imports of spiegeleisen have been negligible. The
available supply of these manganese alloys for 1912 to 1915 and the
approximate content in manganese is shown in the table on page 7.
From these results, it has been calculated that for the four-year period
an average of 14 pounds of manganese has been consumed for each
ton of steel produced. .

The number of makers of ferromanganese increased from 2 in 1912
to 5 at the end of 1914, and of spiegeleisen from 3 to 6.

Makers of manganese alloys, 1912-1915.

1912 1913 1914 1915

T OrTOMANEANSS . - « ot eeeeeaaaee e e aaeaaeeaneeanaaecnaaannn
SPI6ZeIeISeN . . . . . eeee et e aeaeeaaas

oo
N
=y
“»




MANGAXESE.

29

Availadble supply of manganese alloys in the United States, 1912-1915, in long tons.

1912 1913 1914 1915
Manga-~ Manga- Manga- Manga-
Quantity.] nese |Quantity.] mnese |Quantity.] mnese |Quantity.] nese.
content, content, content. content.
Imports:
Ferroman- ;
ganese.. ... 99,137 | 279,310 | 128,070 [ a 102,456 82,997 | @66,398 55,263 a 42,210
Spiegeleisen. . 1,015 al183 7 al14 2,870 6417 200 @30
Domestic  pro-
duction: .
Ferroman-
ganese.. ... 125,378 | 998,430 1 119,495 | 594,342 1 100,731 | 579,408 { 144,260 | 110,134
Spiegeleisen..| 102,561 | 19,618 | 106,980 | 20,790 76,625 | ©15,288 | 114,556 b 22,808
.......... 197,541 oo 217,602 ..........] 161,511 f......... 175,189

a Percentage of manganese estimated.

b Percentages of manganese submitted by makers.

PRICES.

The market price of ferromanganese in the United States appears
to depend upon several factors. As about half of our supply of

this alloy is imported from
England, where it is made from
imported ore, and as most of
the remainder is made in the
United States from imported
ore, the price of ferromanga-
nese depends in part on eco-
nomic conditions in the coun-
tries which are the sources of
ore and in England and on the
demands of the steel industry
in the United States.

Figure 2 shows the range in

price per unit of 49 per cent
manganese ore and of standard
ferromanganese (75 to 80 per
cent manganese) for prompt de-
livery from 1910 to 1917. Such
a diagram can not show accu-
rately the prices at which these
materials aresold, because there
is no established market for
them, as there is for several
other metals. The diagram
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FIGURE 2.~Dijagram showing prices of ferromanganese
and manganese ore, 1910-1917,

shows that the price offered for 49 per cent ore from 1910 to 1914
ranged from 26 to 23 cents a unit, and for ferromanganese from $40

to $70 a ton.
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CONDITIONS SINCE 1914.
MANGANESE AND MANGANIFEROUS ORES.

The first effect of the war in Europe was to reduce imports of ore
from Russia and India. This reduction continued through 1915,
but although Russian ore is no longer obtainable, imports from
India were much larger in 1916 than in 1915. :

In the United States the shortage of manganese ore did not greatly

stimulate mining until 1915. For that year the number of shippers
and the marketed production were three times those of 1914. At
present there is a likelihood that the number of shippers and the
marketed production for 1916 will be about three times those
of 1915. Most of the increase in production for both these years
was derived from deposits previously known. Recently discovered
deposits in Arizona, California, Colorado, Nevada, Utah, Virginia,
and Washington have been sources of production since 1914, but
several of these deposits would probably have been exploited even
had the war not developed a shortage. Little is known con-
cerning most of the new-deposits, except that several have shipped
considerable ore. Many other discoveries are reported, but as the
superficial exposures of manganese deposits are likely to be deceptive
to casual observers, it would not be advisable to assume without
further investigation that these new deposits will become sources of
production. No manganese ore has been received from Russia since
1914, and imports from India are considerably below the nermal.
On the other hand, imports from Brazil and Cuba have greatly
increased and more than make up for the loss of supplies from Russia
and India.
. The number of shlppers of manganiferous iron ores was also
greater in 1915 than in 1914, but the marketed productlon de-
creased. It is a coincidence that war should have come in Europe
and a shortage of manganese ores have developed- at a time when
attempts were being made to exploit the manganiferous iron ores of
the Cuyunarange, Minn. If the mangamferous zinc residuum of New
Jersey is omitted, the shipments of these ores in 1914 contained more
metallic manganese than all other shipments in the United States.
As a result of the operations of a number of mines, large amounts of ore
carrying from 10 to 20 per cent of manganese have been proved as
reserves. This activity is obviously due to the high prices offered for
manganese alloys and may cease if prices drop, but there is good reason
for believing that sufficient ore from which spiegeleisen and low-grade
ferromanganese can be made is available in case of need.

The shipments of manganiferous residuum during 1915 increased
greatly over the average of previous recent years. The production
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of this material is dependent upon the output of zinc ore, and the
reserves may not be readily available.

One direct result of the shortage of manganese ore has been the
stimulus to miners of manganiferous silver ores to select portions of
the ore rich enough in manganese to be more valuable for this metal
than for their small gold and silver content. Thus, one mine in the
Tombstone district, Ariz., is treating a fairly large quantity of the-
raw ore in mills and producing & concentrate rich enough in man-
ganese to be used in making dry batteries and ferromanganese,
while the tailing is shipped to smelters as a lux. In the Philipsburg
district, Mont., high-grade manganese ore is being mined and shipped
from the oxidized zones of gold and silver bearing veins that have
never before been sources of manganese ore. In addition to the
Leadville district, Colo., the Pioche district, Nev., has recently been
the source of large shipments of manganiferous silver ore, which is
largely used as a flux by lead smelters. There is little doubt that if
the price of spiegeleisen were double that now offered a large part
of the product of both districts would be used to make this alloy.

FERROMANGANESE AND SPIEGELEISEN.

As the war has made heavy demands on the steel industry of
England, it is natural that her exports of products like ferroman-
ganese should be curtailed. In fact, from November, 1914, to March,
1915, there was an embargo on' the shipment of ferromanganese
from England. The resulting shortage in the United States has
been met by an increase in domestic production. So far as informa-
tion is available, it appears that the increase has been accomplished
by the entrance of new makers into the field, rather than by increase
in the output of those already in it. The number of makers of
ferromanganese in 1915 was eight, and there were several additional
in 1916. The production of spiegeleisen has increased slightly, and
several new makers entered the field in 1916.

PRICES.

The prevailing price of manganese ore has steadily risen since
1914, but the increases have lagged behind those in ferromanganese.
For 15 years prior to 1914 the price per unit of 49 per cent ore in the
United States ranged from 23 to 30 cents, but during 1916 it rose
first to 45 cents and later to 65 cents. The price of 65 cents was
maintained through the early months of 1917,

Soon after the war broke out the price of ferromanganese rose sud-
denly from $40 to $120 a ton for a brief period, then ranged from $70
to $115 for more than a year. During 1916 prices ranged from $115
to $175 a ton, except for a short time in April, when $400 a ton was
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recorded. This great rise was probably caused by Germany’s declara~
tion of a blockade of England. In February, 1917, the price reached
$250 a ton.

The price offered for standard 18 to 22 per cent spiegeleisen has also
increased from about $25 a ton in 1914 to $50 in 1916 and $65 in 1917,

SUMMARY.

- The preceding review of the trend of production, imports, and
prices of manganese ore and alloys during the last three years of ex-
traordinary demands when several regular sources have been largely
eliminated, leads to several conclusions. First, it is reassuring to
know that even if Russian and Indian oros aro largely eliminated,
Brazil can supply the enormous quantity of high-grade ore that. has
been required. On the other hand, the meager response of domestic
manganese mines to prices that are three times normal, though not
wholly unsuspected, is a source of apprehension. Some new deposits
have been found, but there is no assurance that they are larger than
those previously known. There can be little doubt that if conditions
demanded the maintenance of the 1916 output of steel and if imports
of manganese ore and ferromanganese were shut off, the deposits of
manganese ore now developed in the United States could not meet
the demands, and much readjustment in the steel industry would be
necessary.

In any industry shoxtage of material may develop either thloucrh
actual deficiency of supplies or because it ceases to be profitable to
produce the grades of raw material hitherto considered acceptable.
In the case of manganese it appears that the United States faces the
second situation. The supply of high-grade manganese ore is deficient,
but there is reason for expecting that if the lower-grade. manganiferous
iron ore and materials of similar composition can be more widely
utilized, an adequate supply of raw material can be obtained for
several years at least. It is not clear what increase in price of man-
ganese alloys would be necessary to bring forth the required supply,
but it seems certain that the needs could be met by the combined
output of manganiferous iron ore, manganiferous silver ore, and
manganiferous zinc residuum.

There can be little doubt that, under necessity, the manganese and
manganiferous iron deposits of Virginia, Georgia, Tennessee, and
Arkansas can be made with little additional equipment to yield
twice or three times the present output for several years. Undoubt-
edly, however, the deposits of the Cuyuna range, Minn., offer a greater
supply in a smaller area, and as a number of mines are reported to be
exploring that range in advance of production only small additions to
equipment should be necessary to make large tonnages available.
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The recent increase in prices of alloys has diverted for the manu-
facture of spiegeleisen large quantities of manganiferous silver ores
that previously had been used only as flux. Mmes at Leadville, Colo.,
and Pioche, Nev., have shipped a large aggregate quantity and will
probably continue to ship, but in such districts explorations are rarely
carried on greatly in advance of production. The ratios of iron, man-
ganese, and siliccous matter in the manganiferous siderite from which
the oxidized ores of Leadville appear to have been formed closely
resemble those in other materials that are now smelted to spiegeleisen.
Systematic investigation in Pioche, Leadville, and elsewhere may
show that these districts contain large quantities of manganiferous
siderite which may be smelted to spiegeleisen. Although manganifer-
ous silver ore is being shipped by other districts, such as Tombstone,
Ariz., Silver City, N. Mex., and Philipsburg, Mont., there is no pros-
pect that they are capable of shipping as much as Leadville and
Pioche. The most recent information from Eureka, Nev., and
Tintic, Utah, does not encourage the hope for production from those
districts.,

The largest resources of manganiferous materials in the United
States are those from which only spiegeleisen may be made by proc-
esses now in use. It would be well to inquire whether there is a pros-
pect of making from such materials, by milling methods or prelimi-
nary smelting, a product rich enough in manganese to be smelted to
ferromanganese. Most of the manganese ore now produced in the
United States is subjected to washing and other processes of concen-
tration, and some of the manganiferous silver ores of Tombstone,
Ariz., yield by concentration a high-grade manganese ore. According
to press reports, experiments are being made with ores from the
Cuyuna range, Minn., with the hope of extracting a part of the iron
minerals and thereby raising the manganese content of the remainder.

The suggestion has been made recently that it is possible to smelt
manganiferous iron ores in such a way that most of the iron is reduced
to metal and the manganese thereby concentrated in a slag from
which ferromanganese mlght be smelted. It is possible that some
ores might be treated in this manner, but as the silica of the ore
would also be concentrated in the slag and the losses of manga-
nese would reach a maximum when it is reduced from material with
high silica content, it is doubtful whether such a process could be
used profitably to make ferromanganese from most of the ores now
available.

The possibility of using this or similar processes to make ferro-
manganese from materials not available by present methods must be
weighed against the alternative of extending the uses of spiegcleisen
to the manufacture of all kinds of steel, rather than to that of steel

127972°—19—-3
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made by the Bessemer process alone. These questions require in-
vestigation by competent metallurgists, but it may serve a purpose
to call attention to them. The problem of adequate manganese
supply resolves itself into two parts—production, on the one hand,
and utilization, on the other. Most manufacturers of steel are
aware of the conditions that affect the current supplies of manganese
ores and alloys, but it is possible that they have not adequately
considered the prospect of utilizing other manganiferous ores. Of
course, the need for using these ores will not arise until imports of
high-grade ores have been stopped, but it is evident that experiments
should be made now and that the steel makers are best equipped to
undertake them.

In order to insure the maximum production of ores of all grades,
the cooperation of competent economic geologists, mining engineers,
and owners of manganese deposits is suggested. As the manganese
deposits of the United States have not yet been able to supply large
quantities of ore in competition with several foreign sources, the
operation of most domestic manganese mines has ceased to be
profitable, and much of the annual output is derived from brief
campaigns of operation by optimistic investors who know little about
the business and its risks. The mining of manganese ores therefore
does not appear to attract the able engineers and workmen who
make a success of mining iron ore and coal in the same or near-by
regions. It is not impossible that the production of high-grade
manganese ore might be made profitable and be increased three or
even six times if the owners of the mines had the benefit of competent
technical advice and supervision. It would be worth while to con-
sider the advisability of procuring for the owners of properties more
or less developed the cooperation of members of the Geological
Survey, the Bureau of Mines, and the American Institute of Mining
Engineers. Geologic reconnaissance of a number of new deposits by
theGeological Survey and prospecting by individuals may also extend
the known occurrences.



