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INTRODUCTION

This report 1s made pursuant to Senate Resolution 206, 87th Con-
gress, adopted September 23, 1961, which directed the Tariff Commission
to conduct an investigation of conditions in the industry producing
manganese. A copy of the Senate Resolution appears in appendix A of
this report.

The Commission instituted the investigation on October 5, 1961,
under the suthority of section 332 of the Tariff Act of 1930, as amended
(19 U.S.C. 1332), and ordered & public hearing in connection therewith
to be held on June 12, 1962. Public notice of the investigation and of
the public hearing was given by posting copies of thé notice at the
Commission's offices in Washington, D.C., and in New York, N.Y., and by

publishing notices in the Federal Register (26 F.R. 9610) of October 1i,

1961, and in the October 12, 1961 issue of Treasury Decisions.

The public hearing was held as scheduled, 1n the Tariff Commission's
hearing room in Washington, D.C., and all interested parties were given
an opportunity to appear, to glve evidence? and to be heard.

Information for this report Was'obtained from the hearing; from the
Commission's files; from other Government agencies; from interviews by
the Commission’s staff with leading U.S. producers, importers, and pro-
cessors of manganese ore, ferromanganese, and other manganese products;
and from responses to questlonnaires sent to these producers, lmporters,

and Processors.
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DESCRIPTION AND USES

Manganese 1s a metal used primarily in the form of ferroalloys;
it is indispensable for making iron and steel--a use that accounts
for more than 90 percent of the %otél consumption of this metal. 1/
The remaining consumption occurs in a large variety of important uses.
Manganese is used in dry-cell battery mixes, various chemicals (such
as hydroguinone, potassium permanganate, and manganese chloride), the
production of aluminum and magnesium, in nonferrous alloys (e.g. in
manganese bronzes used in ship propellers), welding-rod éoatings, the
processing of uranium ore and some zinc concentrates, the production
of ferrites (used in electronics), fertilizers, animal feed supplement,
and numerous other applications.

The chief fUnctiop of manganese in steelmaking is to make it pog=-
\sible to hot roll or forge steel without its tearing or cracking. [The
manganese counteracts the brittle effects produced by sulfur which
remains in the steel after the refining process. Within limits, addi-
tional amounts of manganese, when present in the steel in the ratio of
more than about 10 to 1 of sulfur, increase the strength; toughness,
hardness, or hardenability of steel. The effect of manganese upon the
properties of steel depends not only upon the amount of sulfur present,
but also upon its carbon content and the stbate of deoxidation of the

steel when the manganese is added. Although manganese also serves as

}/ More than half of the quantity of alloying metals in all forms
(such as chromium, nickel, and molybdenum) consumed by the steel industry
is comprised of manganese.
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s deoxldizer in steelmeking, when present in small amounts, its de-
oxidizing power is slight and the addition of other materials,; such
as sillicon, 1s preferred for this purpose.

The manganese content of ordinary carbon steel~~the type which
accounts for most of the manganese consumed--ranges from 0.25 to 1.65
percent, but 1s generally less than 1.00 percent. Steels containing
more than 1.00 percent manganese (generally 1.65 to 1.90 percent), and
with no other slloying element present, are regarded as alloy steelsj
tﬁey possess properties of strength, hardness,; or hardenability greater
than those found in carbon steel, Steel with a manganese content of
10 to 14 percent, known as Hadfield manganese steel, has qualities of
extreme toughness, high strength,; and wear résistance. This alloy
steel is used in such applications as crushers, power-shovel teeth,
well;drill bits, chute linings, railroad switches, safes, and military
tanks.

Manganese is used in the production of iron and steel, principally
In the form of manganese ferroalloys, which in turn are produced |
from mangsnese ores. Substantial quantities of manganese entering into
iron and steel production are also derived from manganese in iron ore,
from steel furnace slag, and from ferrous scrap. l/ The manganese used
in non~ferrous metallurgy (for processing and alloying) 1s obtained from
the manganese salloys and manganese oresj and manganese ores are used
directly in the manufacture of dry-cell batterlies, chemicals; and mis~

cellaneous uvees.

1/ See appendix B for an estimate of the quantities of manganese in
various meterials put into process in steelmsking and the quantitlies of
mangenese in the slags and metal emanating from iron and steel furnaces.



Manganese ore

Deposits of manganese minerals are widely distributed throughout
the world in small quantities, But the few large concentrations of
high grade ore are located, for the most part, at considersble dis-
tances from the major consuming centers. Because of its high affinity
for oxygen, manganese does not occur as & free metal in nature.

Although there are more than 100 manganese minerals, only a few
are commonly used. These are mostly oxides, and to a lesser extent,
carbonates. Manganese silicates are seldom used because of the gener-
‘ally low manganese content of some of the minerals and the difficulty
of processing them. Among the more important oxide ﬁinerals are pyro=-
lusite, psilomelane, mangenite, hausmannite; and wad (a hydrous mixture
of oxides). The most common manganese mineral is pyrolusite (MnOp)
which, when pure, contains 63 percent manganese. A carbonate minergl,
rhodochrosite (MnCO3), in some of the ores mined in the United States
contalns almoét 48 percent manganese. l/ The ores actually produced,
of course, contain some waste and their average manganese content is
less than that of the pure minerals.

Manganese oxldes are often associated with iron oxides, and manga-
nese is a small constituent of almost all iron ores. Some manganese 1s
assoclated with other metals, such as zinc in the mineral franklinite

found in ores mined in New Jersey.

1/ According to the U.S. Bureau of Mines, manganese nodules produced
in recent years from rhodochrosite ores in Montanea have averaged 57 per-
cent manganese content. The heat process of making the nodules increases
the percentage of manganese contained in the nodules to a level above that
in the pure mineral.
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Manganese ores are generally reported in the official U.S. pro-
duction and import statistics in two classifications based on their
manganese content: Ores containing 10 to 35 percent manganese, and
those containing 35 percent or more manganese. Ores containing 10 to
35 percent manganese are referred to as "ferruginous mangangse" ores.
In the U.8. Bureau of Mines data on U.S. production or shipments, iron
ore containing less than 5 percent manganese 1s segregated from "man-
ganiferous iron ore" containing 5 to 10 percent manganese. l/

Manganese ores are also élassified in the trade, and in the
*official statistics on consumption, production, and imports, into
grades based principally upon their intended use. The three general
grades, which are not completely distinct from one another in their
chemical or physical characteristics, are designated as metallurgical
grade, battery grade, and chemical grade.

;

Metallurgical grade.--Metallurgical manganese ore accounts for

about 95 percent of the manganese ores consumed. It is used prin-
cipally in making ferromanganese and various other manganese allcysjw
the forms in which manganese is added to molten steel, and to a smaller
extent, to other metals. Metallurgical grade ore should have a high
manganese content, and should contain a minimum of such impurities as
sulfur, phosphorus, and arsenic. Its manganese~to~iron ratic should
be at least 7 to 1. The ore must have suitable physical as well as

chemical characteristics. Fine or soft ore requires agglomeration or

}/ The American Iron Ore Association classifies as manganiferous iron
oreg those which contain 2 percent or more manganese. In pricing iron
ore it 1s customary to add a premium for cres containing more than 5
percent manganese.
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sintering before use for making ferroalloys in blast furnaces. To
obtailn & furnace charge which most closely meets their needs, pro-
ducers of alloys usually blend mangasnese ores from different sources.
Small quantities of metallurgical-grade ore are also used directly in
the production of steel and plg iron without first being converted
into alloy.

Battery grade.--Battery-grade ore, which is used in far smaller

gquantities than metallurgical mangenese ore, serves in dry cells as a
depolarizing agent. When a dry-cell battery is in operation hydrogen
gas collects as a nonconductive film on the carbon electrode. This
action (polarization), if uncorrected, impairs the fuhctioning of the
cell. The manganese dioxide in the ore serves to depolarize the carbon
electrode by oxidizing the hydrogen, thus making possible a continuous
flow of electric current within the cell. Battery-grade ore must hgve
8 1arge content of manganese dioxide (generally a minimum of 68 percent);
it must contain & minimum of iron and be free of copper, lead, or other
materials that would cause dry cells to deteriorate rapidly.

Frequently both battery and metallurgical grades of manganese cre
are mined from the same deposits. Ore suitable for dry-cell use may be
equally acceptable for the production of ferromanganese, but only ore
demonstrated by actual performance to be serviceable in dry cells is
considered to be battery grade. Such demonstration consists of msking
sample batteries from individual lots of ore, and after aging, placing
them in ser&ice under test conditions. No chemical analysis or simple
physical test is known which can assure that a particular lot of ore

will make satisfactory dry cells.



Some manganesge ores, incluﬁing those not naturally suited for dry-
cells, are beneficilated by special electrolytic or chemical means to
produce a high~quality (85 percent or more Mnog) "synthetic" ore for
use in dry cells. This material is more effective than natural ore,
but it is also more expensive. For these reasons, synthetic manganese
dioxide is usually blended with natural ore when used in batteries.

Chemical grade.--Various qualities of manganese ore are used in

the production of chemicals. Manufacturers of manganese chemicals
choose the most economical material available consistent with the parti-
cular chemical process to be followed. Two grades of'manganese ore for
chemical use are‘defined in National Stockpile Specifications. One of
these is used in the ?roduction of the chemical hydroquinone, and the
other‘in'the manufacture of permanganate chemicals. )

Chemical~ as well as battery-grade ores must have & large content
of manganese dioxide. Imports supply the bulk of these two grades of
ore; the manganese content of such imports for industrisl use during
1957-61 averaged 53 percent, which was equivalent to about 84 percent
manganese dioxideo'

Manganese metallurgical products

Ferromanganese, other manganese ferroslloys and, to a small extent,
manganese metsl are used primarily as vehlcles for the controlled addi-

==

tion of manganese to molten steel. The additions are wade in the

steel furnaces or in the ladles near the end of the steelmaking process.

}/ These products are collectively referred to in this reporl( as
manganese meballurgical products.
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In this way an average of about 13 or 14 pounds of manganese is
normelly added in producing a ton of steel.

Ferromanganese.~-The alloy ferromanganese~-the most common form

in which manganese 1s added to steel--is made in a number of grades, of
which the standard (high-carbon) grade is the most importanﬁ» Standard
ferromangaenese, produced in both blast furnaces and electric furnaces,
contains T4 to 82 percent manganese, and not more than the followings
1.25 percent silicon, 0.35 percent phosphorus, T.50 percent carbon, and
0.05 percent sulfur. l/ The balance 1s principally iron.

Various grades of ferromanganese containing less than 7.50 percent
carbon g/ are used when 1t is important to limit the émount of carbon
entering the steel, as in stainless steels. ' These grades contain 80
to 85 percent manganese. The lower the carbon content, the higher is
the price per pound of the alloy. Medium~carbon ferromanganese contains
g maximum of 1.5 percent carbon. A variety of ferromanganese alloys of
special analysis, such as low iron, or low phosphorus, are also produced.

Ferromanganese is avallable in ground, crushed and lump sizes
ranging from 80 mesh to 75~pound lumps. Some ferromanganese and other
manganese alloys are made in the form of briquets for convenience in.
adding manganese to steel in small predetermined quantities, such as

2 pounds.

}/ The specifications for particular grades of manganese metallurgical
products vary somewhat among the different sources from which the Commis-
plon obtained information. Those given in this discussion, believed to
be typlcal, are tasken from U.S. Steel Corporation, The Meking, Shaping,
and Treating of Steel (Seventh Edition, 1957).

g/ Low~carbon ferromanganese is avallable in grades having a carbon
content of't 0.07 percent, 0.10 percent, 0.1l5 percenty 0.30 percent,
0.50 percent, and 0.75 percent (all maximum).
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S1licomanganese.~-A typical grade of the alloy silicomanganese

contains 65 to 68 percent manganese, 18 to 20 percent silicon, and a
maximum of 1.5 percent carbon. 'Silicomanganese 18 used in making
types of low-carbon steel in which silicon is not o’bjectionableo It
is sometimes used in open-hearth furnaces in lleu of ferrosilicon plus
ferromanganese, to "block the heat" (retard the oxidizing reactions
occurring in the furnace toward the end of the finishing process),
because of the shorter holding time required.

Spiegeleisen.~-The alloy spiegeleisen contains 16 to 28 percent

-manganese, not over 6.5 percent carbon; and from 1.0 to .5 percent

silicon. A grade known as silicospilegel contains: 25 to 30 percent

manganese, 2 to 3 percent carbon, and T to 8 percent silicon. Spie~
geleisen, also called spiegel, was one of the earliest ferroslloying
materials developed for use by the steel industry; but it has been ,

largely replaced by ferromanganese.

Manganese metal and miscellaneous alloys.-~Manganese metal is used

primarily as an additive or alloying element in steel or other metals
(as for exesmple, in manganese bronze) when manganese is needed in &
concentrated and almost pure form. The metal ig too haerd and brittle.
for other uses.

A number of other manganese alloys, of minor commercial importance;
are made for alloying purposes. Among these are manganese boron (use&
for alloying steel, brass, bronze, and other metals) and manganese

aluminum.
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U.S. CUSTOMS TREATMENT

Manéanese ore and metallurgical products are dutiable under para-
graphs 301 and 302 of the Tariff Act of 1930. The raﬁes of duty origl-
nally providedlin the 1930 act,; and subsequent changes in the rates made
pursuvant to concessions grgnted by the United States in trade agreements,
are shown in tables 1 - 4 in appendix C¢. The following tabulation shows,
for the manganese products that have been imported in recent years; the
rates of duty originally provided in the Tariff Act of 1930, those in
_effect on July 1, 1962, and the average ad valorem eqpivaleﬁté of the

latter based on the value of imports in 1961t

Tariff Act of 1930

Tariff paragraph and Average ad velorem

15% ad val.

H
t
t Rat : :
abbreviated description & origghglly t GATT rate ¢ equivalent of the
of item ! provided i in effect & July 1, 1962, rate
H in act t July 1, 1962 : based on imports
_ 3 t H in 1961
Par. 302(a): : s t Percent
Manganese ore contailning : 2 3
10 percent or more of H H
MaNEANESe=m=rmmmmmmw=n=1 1¢ per 1b. : 1/b¢ per 1b. @ 6.9
$ on Mn H on Mn H
H content H content H
Par. 302(a)(e): s g 3
Ferromanganese contaln~ : H
ing of carbon-- H H S
Not over 1 percent—--3 l~7/8¢ per ¢t 0.7¢ per 1b. 3 T<9
H 1bs. on Mn b on Mn con- %
t content + ¢ tent + 5%
: 15% ad val. : ad val. g
Over 1 percent but 1 1 H
under b percent-=--: 1~7/8¢ per 1 15/16¢ per i 6.8
t 1b. on Mn : 1b. on Mn ¢
H content H content :
H H 1
i percent or moremm--: 1~7/8¢ per t 5/8¢ per : 7T
H 1be on Mn ¢ 1b. on Mn 3
i content ¢ content H
Par. 302(e): H t 3
Manganese siliconm=mmmmwm=t 1-7/8¢ per 1 15/16¢ per 17.5
. 3 1b. on Mn : 1be on Mn 3
: content + H content + ¢
s 15% ad val. ¢ T7-1/2% :
. 1 H H
Manganese metalm—emmmmm=ms 1-7/84 per : $ 23.1
3 1b. on Mn H 3
g content + H H
H H H
g :

.o
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The rates of duty currently applicable to manganese ore and to the
manganese metallurgical products, classifiable under paragraphs 301 and
302, respectively, under the Tariff Act of 1930, will be contiﬁued in the
new Tariff Schedules of the United States, the adoption of which is pro-
vided for in the Tariff Classification Act of 1962 (Public Law 87—&56),
approved May 24, 1962, It is anticipated that these Schedules will
become effective January 1, 1963. The pertinent item numbers in the
schedules are as'follows: Manganese ore, 601.27; spiegeleisen, 607.20;
ferromanganese, 607.35, 607.36, and 607.37; silicomanganese (referred
to as ferrosilicon manganese in the Tariff Schedules and manganese

silicon in the Tariff Act of 1930), 607.57; and mangaﬁese metal, 632.32.
U.S. GOVERNMENT PURCHASE AND ASSISTANCE PROGRAMS

Purchase and procurement programs for manganese undertaken by the
'.U.S. Government since World War II have greatly affected manganese pro-
duction and processing activities both within the United States and in
some free-world countries from which manganese has been imported. These
activities of the Govermment, especially since 1950, have resulted in
greatly increased imports of manganese and in an expanded output by the
small domestic manganese-ore industry.

Two significant developments aroused special concern in the early
1950's regarding future U.S. manganese supplies. First, the Soviet Union,
which is the world's largest producer of manganese ore, and which had been an
important source of U.S. supplies, embargoed shipmenfs to the United States at

the end of 1948. Then, with the expansion of U.S. steel production after the
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outbreak of the Korean conflict in 1950, shortages which developed in
U.S. manganese supplies led.to the issuance on April 1, 1951, of an
order (MO-2) by the Defense Minerals Administration allocating deliveries
of manganese ore to U.S. consumers. Thereafter, the U.S. Government
sponsored programs to encourage domestic manganese production and to
develop foreign sources of supply in order to (1) meet current and
anticipated needs of the nation's steel industry, and (2) build an
adequate stockpile for emergency use if foreign sources should be cut off.

Description of programs

Government stockpiling had been authorized by the Strategic and
Critical Materials Stock Piling Act (60 Stat. 596) apbro&ed July 23, 1946.
By 1951, the Government had acquired an inventory of about 2.3 million
~ tons of manganese ore, equal perhaps to 1 year's consumption, but
considerably short of stockpile objectives. Meanwhile, additional
legislation authorized programs under which large quantities of manganese
were ultimately acquired for Government stockpiles. The principal
authorizations were (1) the Defense Production Act of 1950 (64 Stat. 798},
approved September 8, 1950, which permitted the Government to purchase
- manganese from domestic and foreign sources and to offer financial
assistance in developing domestic and foreign sources of supply, and
(2) section 303 of the Agricultural Trade Development and Assistance
Act (68 stat. 459), approved July 10, 1954, which permitted the Government
to acquire manganese from foreign sources in exchange for surplus U.S.
agricultural commodities (the barter program). Indicative of the high

level of manganese procurement under the barter program is the inventory



13
of 2.8 million tons of manganese ore held separately in the "supplemental"
stockpile at the end of 1961. Although negotiations for procurement of
manganese by barter have been suspended in recent months (August 1962),
some manganese is still being received on the basis of contracts
previously made.

Purchase and other assistance programs for domestic ores.~-Under

authority of the Defense Production Act (DPA) the Government initiated

a variety of programs for the acquisition of domestic manganese ore.
Beginning in July 1951, the General Services Administration (GSA) opened
depots for the purchase of domestically mined manganese ore (at prices
designed to encourage production) at Butte and Philipéburg, Montanas

at Deming, New Mexico; and at Wenden, Arizona. Quotas were set for the
purchase at these depots of a total of 18 million long-ton units l/

of manganese ore amenable to beneficiation to specifications of the ,
strategic stockpile. Grades of ore acceptable at each depot and prices
varied with the type of ore available in the area. The minimum acceptable
manganese content was 12 percent at Butte and 15 percent at the other
depots. 2/ This program was terminated in 1958 whenvl8.3 million units
(equivalent to about 205,000 short tons of contained manganese) had been

purchased at a cost of $34.5 million.

;/ A long-ton unit consists of 22.4 pounds of contained manganese, or
1 percent of the number of pounds in a long ton. Conversion from price
per long-ton unit to price per ton is achieved by multiplying the unit
price by the percentage of manganese contained in a given grade of ore.

2/ These minimums are well below the specifications for manganese ore
acceptable under strategic stockpile specifications, which call for a
minimum manganese content of 4O to 46 percent, depending upon the
content of other elements.
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In July 1952 the GSA announced a "carlot" program for domestic
producers in locations remote from Government depots. Under this program
the Government purchased, at railhead, manganese ore having a minimum
manganese content of 4O percent. The "carlot" program objective was the
purchase of 28 million units on the basis of $2.3O per longfton unit for
L8-percent ore, with adjustments according to actual manganese content.'
When this program was terminated in 1959, the Government had acquired
slightly more than 28 million units (equivalent to about 314,000 short
tons of contained manganese), at a cost of $71.9 million.

The Government also negotiated special contracts with individual
producers under DPA for the acquisition of domestic manganese. One
contract provided for the purchase of manganese nodules é/ from an
operation in Nevada, the output of which made Nevada the nation's lead-
iné producer of manganese ore in most recent years. Other Government
contracts included commitments for the pufchase of synthetic ore
(manganese dioxide) from material mined in Minnesota.

A variety of other Government programs have been designed to en=-
courage increased domestic production of manganese materials. These
programs have provided financial assistance to research organizations
and industrial concerns studying the technical and economic feasibility
of beneficiating low-~grade manganese ores and slags from steel furnaces.
In addition, the Bureau of Mines has studied methods for processing low-
grade manganese ores, operated pilot plants using new extractive processes,

and explored a large number of domestic manganese deposits.

;/ Beneficiated manganese ore agglomerated and sintered.
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A program of extending financial assistance for the exploration
of domestic manganese deposits was instituted by the Government in 1951
through the Defense Minerals Eiploration Administration (DMEA). Funds
were advanced by the Government for manganese~ore projects to the extent
of 75 percent (reduced in 1958 to 50 percent) of approved exploration
costs} such loans were to be repald from proceeds of production. Bor-
rowers were not obligated to produce from the properties, but any pro-
duction during the period of exploration was subject to royalty payable
to the Government. If the Government certified a diécovery or develop-~
ment as one from which future production might result, the obligation
to pay royalty was to continue either for 10 yesars, ér until the full
amount of the Govermment's contribution had been repaid. The Office
of Minerals Exploration (successor to DMEA)ahas reported that 28 man-
ganese projects have been terminated,, 14 of which were certified as,
potential sources of prodﬁction. The Government's outlay in the 28
projects was $855,410, of which $712,632 was spent on the 1l projects
that were certified. ;/

Procurement of manganese from foreign sources.--Manganese from

foreign sources was acquired for stockpiling by the Government under
both the Defense Production Act and the barter program authorized under
the Agricultural Trade Development and Assistance Act. Most of such
imports have been in the form of manganese ore. The great bulk of the

imports for the U.S. Govermnment entered free of duty. During 1951-61,

;/ Manganese exploration accounted for only a small part of the DMEA
program, which included about a thousand projects involving two dozen
different materials and an outlay by the Government of $23 million.
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annual imports of duty-free manganese ore varied (in terms of manganese con~
tent) between a low of 71,000 tons in 1958 and a high of 358,000 tons
in 1953 (table 16). 1/ Such imports were unusually high in 1953, 195k
(264,000 tons), 1960 (318,000 tons), and 1961 (349,000 tons). These
Government imports were reflected in the unusually large amounte by
which total imports exceeded U.S. consumption of manganese in those
years (chart IT). In the last 5 years, 1957-61, the manganese contained
in ore imported duty-free for the’U.S. Government ceme principally from
Brazil (more than half of the total), CGhana, India, the Union of South
Africa, and Morocco.

A part of the manganese imported for the U.S. vaernment has been
in the form of ferromanganese. Duty-free imports of ferromanganese for
the Govermment during 1951-61 ranged (in terms of manganese content)
froﬁ 3,000 tons in 1952 to 228,000 tons in 1957; they amounted to 91,000
tons in 1961 (table 38)1 Principal sources of such imports in recent
years have been Canada, India, France, Japan, and West Germany (table L1y,

The total gquantity of manganese contained in manganese ore and
ferromanganese imported duty-free for the U.S. Govermment during 1951-61
amounted to about 2.5 million tons; almost 2 million tons of this total
consisted of manganese in ore, and about 500,000 tons of manganese in
ferromanganese. By the end of June 1962 the Commodity Credit Corporation

had received, under the barter program, a total of 1.9 million tons of

1/ These data do not include undetermined quantities of manganese im-
ported for U.S. Govermment account on which duty was paild; the quantity
of such imports is believed not to have exceeded 5 percent of the total
guantity of manganese in ore acqulred by the Government from foreign
gources in the years reported in table 16.
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mangenese ore, 685,000 tons of ferromangenese, and 4,000 tons of
mangenese metal (table 10). It 1s estimated that the manganese
content of the materlals acquired under the barter program (all since
l95h) constituted more than half of the manganese acquired by the
Government from forelgn sources during the entire period 1951-610

At the end of June 1962, about 224,000 tons of manganese ore
(having an estimated menganese content of around 111,000 tons) was
s8till to be delivered under unexpired barter agreements; no new barter
contracts have been negotiated since March 1962.

Government inventories

The national stockpile objectives which had been established to
provide sufficient materiels for a 5-year emergency were reduced in
June 1958 to cover a 3~year emergency. Additionsal Government procure=
ment under the Defense Production Act and under the barter program has
bullt up Government inventories of manganese until they are considerably
in excess of the maximum stockpile objectives. Commodities procured
under the Defense Production Act were placed initially in the DPA
inventory; acquisitions under the barter program entered the supple-
mental stockplile. Materials in both these inventories are available
for transfer to the strateglc stockpile.

Data on quantities of manganese and other strategic materials in
Government inventories were released to the public in March 1962 by the
Office of Emergency Planning (OEP). The quantity of mangsnese materials
which met stockpile specifications held in various Government inventories

at the end of 1961 amounted to nearly 9.6 million tons, which is about
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2.6 million tons in excess of maximum stockpile objectives. Total
Government inventorles of manganese materials, including manganese
ores not meeting stockpile specifications, amounted to 12 million tons
at the end of 1961. Iisted below for the various grades of manganese
materials meeting stockpile specifications are the Government's maximum
stockpile objectlves and the inventories as of December 31, 1961 (in

thousands of short dry tons):

X

Grade :
Item : ! Total

! Metal- ¢ : . :

: lurgical Battery . Chemical .

H 1 : H
Maximum stockpile objectives----: 6,800 1 70t 83 : 6,953

t ! 3 !

Government inventory! : : : : :
Strategic stockpile-—-—w= m————t 5,230 1 166 31 : 5,427

Defense Production Act H : H H
inventory-rm=m=mrecmmamcmene: 1,324 Loy - 1 1,328

Commodity Credit Corporation : : : H
and supplemental stockpile-~: 2,562 1 129 1 145 : 2,836
Total-=—=——= e ——————— : 9,116 : 299 : 176 ¢ 9,591

: H : :

Sirplus in inventories over H : H :
maximum objectives=mmmmmmmmmn=ny 2,316 @ 229 93 : 2,638

The quantitlies of manganese materials meeting stockpile specifications
in Govermment inventories at the end of each year beginning with 1948
are shown in table T.

The inventory total of 9.1 million tons of metallurgical materisl,
shown above, includes 790 thousand short tons of standard (high—carbon)
ferromanganese and 10,7 thousand short tons of manganese metal. How-
ever, it does not include 2.4 million short dry tons of ore {ovmed by

S

the Government) which does not meet stockpile specifications; 624 thousand
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tons of this amount are in the strategic stockpile, 1.8 million tons
are in the DPA inventory, and almost 3 thousand tons are in the supple-
mental stockpile.

The 9.1 million tons of metallurgical manganese materials in the
U.S. stockpiles at the end of 1961 were equivalent to slightly more than
5 years' consumption at the average annual rate that prevailed during
1956~61. Most of this material was muugenese ore, which had to be con~
verted to ferroalloys or manganese metal before it could be used.

By Dec. 31, 1961, the total cost to the Government of acquiring
manganese materials had amounted to $670.8 million, of which $540.2
million was for material of stockpile quality, and $130.6 million for
orenot meeting stockpile specifications (table 8). At the end of 1961
the market value of the material that did meet specifications was cal-
culated at $507.8 millionj no data afe avallable on the market‘value of
the ore that did not meet specifications. For material meeting stockpile
specifications the market value of the surplus over maximum objectives at
the end of 1961 was $209 .million.

Materials in the strategic and supplemental stockpiles may not be
disposed §f without the approval of Congress, except in time of war or
during a national emergency with respect to the common defense, when
they may be released by Presidential order. ILess stringent regulations

control releases of material held in the DPA inventory.

U.S. CONSUMPTION
The United States, the world's largest consumer of manganese,

accounted for more than a fourth of the world total consumption during
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1957-61. The position of the United States in world consumption is
indicated by the fact that‘it produced 28 percent of the world output
of steel during this period, and by the fact that the great bulk of the
manganese is consumed in the production of steel. The Soviet Union, which
produced. 19 percent of the world's steel, was probably the world's second
largest consumer of manganesej the other leading consuming éountries were
West Germany, the United Kingdom, and Japan. ;/

It is estimated that during 1956-61 the U.S. annual consumption-~in
additive manganese alloys and unalloyed metal, and in manganese ore used
for dry cells and chemicals-~-averaged about 772,000 short tons of manga-
nese content (table 5). 2/ The annual consumption during this period
ranged from about 6hh,OOO short tons in 1958, a recession year, to about
887,000 tons in 1956, when a postwar record was attained. In 1961 about
764,000 tons were éonsumed.

Trend of consumption

The long~term trend of U.S. consumption of manganese has been upward;
this trend is not apparent, however, from the data for the past decade.
The average annual consumption in 1956~61 (772,000 tons), indicated above,

was slightly Dbelow that of 781,000 tons in the preceding period, 1951-55,

1/ Data on the production of steel from the American Iron and Steel
Institute, Foreign Trade Trends, Iron and Steel (1962 edition).

2/ These estimates are based on the gross weight of the various metal~
lurgical products consumed (table 33) and the gross weight of foreign and
domestic manganese ore consumed in manufscturing dry-cell batteries and
chemicals (table 29) multiplied by the average mangenese contents of the
respective metallurgical products and ores. Whenever sgvallable, data
were used on average manganese contents of products consumed (such as
the average manganese contents of the various metellurgical products
consumed in steelmaking as reported for recent years by the American Iron
and Steel Institute). For much of the deta for the period before 1956,
use was made of average manganese contents of imported products (compiled
from official import statistics) and average manganese contents of products
shipped by domestic producers (compiled by the U.S. Bureau of Mines).




21

but 1t was considerably larger than the average annual consumption during
1946-50 (612,000 tons). ' The rate of manganese consumption during 1951-55
was high, reflecting the effect of the Korean war, while that during
1956-61 was retarded by the business recession in 1958 and the steel
strike in 1959. The annual consumption has increased since 19583 further
increases are expected with the growth of the national economy.

The annual consumption of manganese has varied Jdirectly with tﬁe
annusal production of steel. This close correlation is indicated by the
annual indexes of U.S. steel production and manganese consumption, as

shown in chart I.

Chart I

Indexes of U. S. steel production and manganese
consumption, 1946-61
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Manganese ore consumed

Because of processing losses, the manganese content of the ore used
in making manganese metallurgical products is larger than the manganese
content of such products. Accordingly, U.S. consumption of manganese

\would appear to be greater at the point of consumption of the manganese
ore than at the point of consumption of the manganese metallurgical
products. During the 6 years 1956-61, the U.S. annual consumption of
manganese ore for metallurgical uses is estimated to have averaged about
835,000 short tons of manganese content l/, as compared with an average
of 727,000 short tons of manganese contained in the metallurgical products.
In addition, an average of abcut 45,000 short tons of‘manganese was con-
tained in the manganese ore consumed during 1956-61 for batteries and
chemicals.

Of the total quantity of manganese ore (containing 35 percent or
_more manganese) consumed in the United States during 1956-61, 2/ 95.5
percent was consumed in metallurgical uses, 1.5 percent was used in pro-
ducing dry-cells, and the remaining 3.0 percent was used in the
manufacture of chemicals and miscellaneous items (based on data in

table 29). The proportion of the total consumed in metallurgical uses

;/ Data on U.S. consumption of manganese ore, by uses, as compiled by
the U.S. Bureau of Mines (table 29) are limited to gross weight of the
ore consumed, and since 1955, to ore containing 35 percent or more man-
ganese. It is estimated that during 1956-61 about 835,000 tons of man-
ganese contained in ores of this grade were consumed annually in metal-
lurgical uses. However, as indicated in table 5, an average of about
25,000 tons of manganese were contained in lower-grade manganese ore
supplied annually by U.S. mines (18,000 tons) and imports (7,000 tons);
a part of this quantity was consumed in metallurgical uses and a part
of it entered Government and private stockpiles.

2/ An annual average of 1,899,000 short tons (gross weight).
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declined from 97.1 percent in 1956 to 93.0 percent in 1961, while the
share going to chemicals and miscellaneous uses increased from 1.5 percent
in 1956 to 5.3 percent in 1961. The percentage of the total consumed in
making dry cells remained almdst unchanged during the period.

The share of the total manganese ore consumed that was supplied by
U.S. mines has been smail. A peak in the utilization of domestic ore was
reached in 1943, when 200,000 tons were consumed. This quantity represented
about 15 percenf of the total consumed in that year. More recently, the
share supplied by domestic sources has decreased; it amounted to about 8
percent of average annual consumption in 1946-50, 4 percent in 1951-55,
and only 2 percent in 1956-61 (table 29).

Only about 8,500 tons of domestic ore (containing 35 percent or
more manganese) were consumed in 1959, possibly because of a diversion of
material to Government depots in that final year of a Government purchase

program. The consumption of domestic ore amounted to 29,000 tons in 1960,
but.was only 20,000 tons in 1961, when it represented 1.2 percent of that
year's consumption of ore from all sources.

U.S. mines have generally supplied a larger share of the manganese
ore consumed in dry cells, chemicals, and miscellaneous uses, than
in metallurgical uses. Y During 1956-61, domestically produced ore
accounted for 10.4 percent of the total quantity consumed in making dry
cells and 4.5 percent of that consumed in meking chemicals, compared with
only 1.7 percent of the total consumed in metallurgical uses. The share
of the manganese ore consumed in making dry cells that was supplied by

domestic ores increased from 4.7 percent in 1956 to 16.1 percent in 1961.

1/ As reported annually by the U.S. Bureau of Mines (Minerals Yearbook),
U.S. industries consumed annually an average of 2,330 short tons of domes-
tically produced manganese ore in the manufacture of chemicals (and mis-
cellaneous items) in the period 1942-61 (table 29).
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buring the same period the share of the total consumed in chemicals and
miscellaneous uses that was~suppliéd by domestic ores varied from less
than 1 percent in 1958 and 1959 to 10.5 percent in 1960; it amounted to
6.5 percent of the total in 1961.

Consumption of manganese metallurgical products

Data on U.S5. consumption of manganese metallurgical products, by
types, are presénted for a‘period of years in table 33, and by types and
end uses for 1961 in table 30. l/ Of the total quantity of manganese
metallurgical products consumed in the United States during 1956-61
(averaging, on a gross weight basis, 988,000 tons per year), ferro-
manganese, mostly standard (high-carbon) grade, accouﬁted for 82.5
percent, silicomanganese for 10.7 percent, spiegeleisen for 4.6 percent,
manganese metal for 1.2 percent, and briquets (made up mostly of ferro-
manganese) for the remaining 1 percent (table 33).

Inasmuch as nearly all of these products are consumed in steelmaking,
the year-to~year changes in total consumption are attributable almost
entirely to changes in steel production. However, a persistent downward
trend ié apparent in the consumption of spiegeleisen, which averaged
165,000 tons per year during 1941-45, 97,000 tons during 1946-50, and
about 45,000 tons during 1956-61. By contrast, annual consumption of
manganese metal, although small compared with that of the other products,

.has increased sharply in recent years--from an average of less than 2,000

tons per year during 1951-54, to more than 16,000 tons in 1961.

1/ The quantity data, in terms of gross weight, as compiled by the
U.5. Bureau of Mines from reports received from individual consumers, are
supplemented by estimates of manganese content by the Tariff Commission.
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According to data compiled by the U.S. Bureau of Mines, the production
of steel ingots and castings in 1961 consumed a total of 911,000 short tons
(gross weight) of manganese metallurgical products, of which 75 percent was
used in making carbon steel (table 30). As previously noted, the estimated
manganese content of these products consumed in all steelmaking in 1961
amounted to about 678,000 short tons, representing about 96.5 percent of
the manganese céntained in the metallurgical products consumed for all
purposes. The remaining 3.5 percent was used principally in the production
of gray and malleable iron castings and in nonferrous alloys including
welding rods.

The predominant share of the manganese metallurgical products con-
sumed in the United States is made from foreign ores in U.S. plants
During 1956-61, annual shipments by U.S. producers of ferromanganese,
the principal manganese product, averaged 777,000 short tons, compared
with average annual imports of ferromanganese of 166,000 tons (table 34).
About 98 percent of the manganese ore consumed in the production of ferro-
manganese in the United States during this period was of foreign origin
(table 31).

Consumption in relation to domestic mine
shipments and imports

As previously stated, domestic mine production has accounted for
only a small part of the manganese consumed in the United States.
Imports alone have exceeded U.S. consumption in each postwar year, not-
withstanding that a small part of the quantity consumed was supplied by
domestic mines. Beginning in 1950, they exceeded consumption by a sub-

stantial margin; in the period 1956-61, they did so by about 31 percent.



26

This persistent excess of imports reflected largely net annual additions
to U.S. Government stocks, a large part of which came from foreign sources

(table 9).

The quantity of manganese consumed in the United States in relation
to the quantities shipped by domestic mines and imported in each postwar
year are shown on chart II. All data are in terms of short tons of man-
ganese content (table 5). Exports (not shown on the chart) are very
small; they amounted to only about 8,000 tons per year (manganese content)
during 1946-61. About half of the exports consisted of manganese ore

which is included in the data on mine shipments.
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Chart II
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THE U.S. INDUSTRY

Mining and milling

The deposits of manganese ore in the United States are generally
of lower grade (that is, they have a lower manganese content) than the
deposits in the foreign countries that are the major U.S. suppliers.
Moreover, the domestic production and sale of manganese ore have been
seriously handicapped by: (1) the underground location of most domestic
deposits that are mined, (2) the lack of uniformity among domestic ores,
(3) the need for concentrating and upgrading these ores to adapt them
to prevailing metallurgical techniques, and (4) the high cost of overland
transportation, from mines located largely in the Western States to con-
‘Suming centers located in the Central and Fastern States.

During the period of the Government's purchase program (1951-59),
several hundred manganese mines were active in the United States for
varying periods of time. Most of these operations exploited small ore
bodies and offered little employment other than to the proprietor-
operators. A number of more extensive projects had several dozen
employees; only a few large mines provided jobs for more than 100
employees. The Census of Mineral Industries l/ reported that the
products shipped by the "manganese ores industry” were valued at
$32.4 million in 1954 and at $39.4 million in 1958. The Government
purchase program was in effect in both of these years. The Census
reported 367 "establishments" engaged in producing manganese ore in

1954 and 186 in 1958; only 24 of the establishments in 1954 and 22 in

1/ U.S. Bureau of the Census.
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1958 each ha& 20 or more employees. Responses to questionnaires sent by
the Tariff Commission to about 300 establishments, which had operated
at some time during the last 10 years, disclosed that in 1961 only a
half-dozen were still operating; in 1962 only four were active. The
company operating one of ﬁhese establishments, the activities of which
in recent years have been confined largely to processing manganese ore
already above ground, has advised customers that it intends to discon-
tinue production when these supplies are exhausted.

The few domestic ore producers that marketed their output
commercially during 1960 and 1961 differed materially in method of
operation and type of products. Several sold ore, coﬁcentrate, or
nodules‘to one or more of the following: The steel industry, other
consumers of metallurgical ore, and makers of welding rods and chemicals.,
Others sold their output in the form of battery mix and chemicals.

Production trends.--Manganese ore has been produced at one time

or another in about half of the States. Since 1950, Nevada and Montana
have usually been the largest U.S. sources of metallurgical-grade ore
containing 35 percent or more manganesej they were the only sources

in 1961. In 1951~60, Arizona, Arkansas, New Mexico and California
were also large shippers, while Virginis and Tennessee shipped

smaller quantities (table 12). Much of the domestic production
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of ores containing less than 35 percent manganese has occurred in
Minnesota and Michigan, where the ore is associated with iron ore, l/

In the early part of the present century, the annual production of
manganese ore in the United States was seldom more than 10,000 tons
gross weight; frequently it was as small as 2,000 tons. The output
increased considerably after the outbreak of World War I; it exceeded
100,000 tons in 1917 and 300,000 tons in 1918. Thereafter, production
dwindled to much lower levels until World War II:; 250,000 tons were
produced in 1944. After World War II the output again declined, but it
increased with the outbreak of the Korean war. Under the stimulus
of Governmment purchase programs which offered substanfially'higher ore
prices than those prevailing in the commercial market, production
attained record levels during the 1950's. In the years 1955-58 the
average gross weight of U.S. mine shipments of ore containing 10 percent
or more manganese exceeded 400,000 tons annually, and the manganese
content of this material averaged approximately 177,000 tons. The
decrease in output after 1959, following the termination of Government

purchases of domestic ore, was more abrupt for ore containing 35 percent

or more manganese than for ore containing 10 to 35 percent manganese

l/ The diverse, scattered, and intermittent character of manganese
mining in the United States has created difficulties in measuring produc-
tion. The U.S. Bureau of Mines uses data on shipments as its measure of
output, calculating quantities at the point at which material is considered
to be in marketable form. At various locations, manganese-containing ores
have been mined which have been neither marketable commercially nor salable
to the Government under the purchase program. Such accumulations are not
deemed to be production until they are converted into salable form by con-~
centrating or by blending with higher-grade material. The above-ground
supply of such ores cannot be estimated with any dependable degree of
accuracy; however, the quantity involved is not of great significance in
the overall national supply.



31
(table 11). Production of manganiferous iron ore (5 to 10 percent
manganese content), which averaged more than 1 million tons per year
during 1941-50, declined irregularly to a low of 107,000 tons in 1961
(table 13).

Employment and wages.--Both employment and aggregate wages paid

by establishments engaged in mining and milling manganese ore (contain-
ing 10 percent or more manganese) have declined sharply from the high
levels attained during the 1950's. According to data compiled by the
U.5. Bureau of the Census, the number of employees in the industry
averaged 2,604 in 1954 and 2,099 in 1958. Wages paid to production

and related workers in each of these years amounted to more than $7
million. A more recent canvass of the industry by the Tariff Commission
found that the number of employees averaged 322 in 1960 and 222 in 1961.
Total wéges paid to production and related workers in these years were
about $1 million per annum.

The number of employees engaged in producing manganese ore in the
United States is much smaller than the number engaged in processing such ore
(foreign and domestic) into ferromanganese and other manganese products.
Even in years of high mine production, employment in domestic manganese
mining and milling was equal to only about half that in plants producing
ferromanganese and other manganese products (table 14).

Manganese reserves of the United States.--Manganese resources of

the United States have been estimated by U.S. Government agencies twice
in the past 10 years with no outstanding variation in the estimates.

The U.S. Bureau of Mines made a detailed study of U.S. deresits in 1952,
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and the U.S. Geological Survey reported on the nation's manganese
reserves in 1956, Both studies listed the country's reserves at
approximately 70 million tons of contained manganese, mostly in low-
grade deposits (table 28). 1In contrast with this estimate of the manganese con-
tained in U.S. ore reserves, U.S. commercial imports l/ of ore in
1951~61 contained nearly 10 million tons of manganese (table 16). The
two estimates of U.S. ore reserves are described briefly in the follow-
ing paragraphs.

The estimate by the Bureau of Mines in 1952 (Mobilization Survey
I-5) indicated that U.S. reserves of manganese ore amounted to more than
1 billion tons having a manganese content of approximétely 85 million short
tons. More than 99 percent of the known reserves were located in 12
major depo;its and the balance was distributed among more.than 1,000
small showings. About 93 percent of potential U.S. manganese resources
~identified were in 4 localities: The Cuyuna Range, Minnesota; Aroostook
County, Maine; the Artillery Mountains, Arizona; and the Chamberlain
Range, South Dakota. It was estimated that the Chamberlain deposits
had a manganese content of about 15 percent. The Aroostook County
resources were listed as containing 7 percent manganese; those in the
Cuyuna Range, 5 percent; and those in the Artillery Mountains, 4 percent.
0f the four States mentioned, only Arizona had produced metallurgical
ore containing 35 percent or more manganese continuously for a period
of years (table 12). Production in Minnesota, as has been indicated,

is .principally ferruginous manganese ore and manganiferous iron ore

1/ Refers to total imports minus duty-free imports for the U.S.
Government.
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(with mangaﬁese content ranging from 5 to 35 percent). In 1957, the
peak year of U.S. manganese production, no output was repqrted for
either South Dakota or Maine.

The U.S. Geological Survey in 1956 estimated total manganese
reserves at more than 970 million long tons (equivalent to more than
1 billion short tons) of ore having a manganese content approaching
70 million long tons (78.4 million short tons). The manganese content
of the ore was listed as ranging from 22.5 percent for small deposits in
the Philipsburg district of Montana, to 9 percent for much larger deposits
in Maine and to 5 percent in Minnesota (table 28). Some of the estimates
included in the total were made in 1955 and others iﬁ 1949. The data
were qualified by the comment that many of the deposits entering into
the calculations had never been mined, and that a margin of error of
approximately 50 percent should be allowed in evaluating the estimates.

Commercial exploitation of U.S. manganese reserves would involve
probleﬁs of developing economic methods for removing ore from underground
deposits, processing complex ores, and gaining their acceptance by
domestic ferromanganese producers. By contrast, foreign ore properties
in which some domestic alloy producers have extensive financial invest-
ments have known reserves sufficient to support production for many
years and yield high-grade ore with which the processors are already

familiar.
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Manganese processing

Nature of the industry.--About two-thirds of the U.S. output of

ferromangenese--i.e., the alloying material into which most manganese
ore is converted--is made in blast furnaces. These furnaces are
operated by two or three large steel companies that produce'both for
their own use and for sale, and by one independent operator that msakes
ferromanganese for sale only. The remaining third of the ferromanganese
production is made by seven companies that operate electric furnaces in
which silicomanganese and other mangasnese alloys, as well as ferroalloys
not containing manganese, are sometimes made. Some of these producers
occasionally make spiegeleisen, although in the United States most
splegeleisen 1s made by a single company, which utilizes manganese-
bearing residues of zinc smelting. Since the early 1950's, two U.S.
ﬁghufacturers have produced manganese metal by the electrolytic proﬁess.
One of them is also s large producer of ferroalloys and the other is a
producer of chemicals. Two chemlcal concerns plan to produce mengsnese
metal beginning in 1962. An indeterminate number of companies process
manganese ore in small quantities for non-metallurgical purposes. Among
these are a half dozen concerns which grind, blend, or otherwise process

ore for battery mix and for manganese chemicals.

Production trends.--The U.S. production of ferromanganese by opera-

tors of both blast and electric furnaces has averaged about 800,000

tons annually since 1951. In 1957 production reached a record high of
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about 964,000 tons; in that year, the industry shipped 882,000 tons
valued at $210 miilion (table 34). Shipments in 1961 amounted to 757,000
tons valued at $159 million. |

'The output of ferromanganese by blast~furnaces was 505,000 tons in
1961, which was lower than the 571,000 tons produced in 1960, and well
below the production of 735,000 tons in 1957 (table 31). Production by
~electric furnaces has been more stable than that from blast furnaces;
it amounted to sbout 228,000 tons in both 1957 and 1961 and reached a
high of 272,000 tons in 1960. The greater stability in output by electric
furnaces 1s attributable in part to the fact that such producers are often
required to make costly commitments for power which must be paid for
whether or not it is utilized; hence the furnaces continue in operation
during periods of slack demand and producers' stocks generally rise under
such conditlons.

Data on the annual production of silicomanganese have been available

only since 1957, when the output amounted to 115,000 tons; this level
was not exceeded until 1961 when 120,000 tons were produced. The 1957
shipments of 108,000 tons were valued at $28 million; the considerably
larger shipments in 1961 (121,000 tons) were valued at $25 million
(tables 32 and 34). No data on the production of spiegeleisen and
manganese metal are published., Because of the limited number of pro-
ducers, publication of such data might reveal the individual operations
of the respective concerns.

Employment and wages.-~Both employment and aggregate wages paid

at plants producing ferromanganese and other manganese products were
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lower in 1961 than in 1960, according to reports submitted to the
Tariff Commission by 25 processors (table lh). These companies reported
an average of 4,369 employees (including 3,466 production and related
workers) in 1961, compared with an average of 5,287 employees (incluéing
4,194 production and related workers) in 1960. Wages pald by the in~-
duétry to production and related workers amounted to $18.9 million in
1961 ard $22.1 million in 1960. Hourly wages in 1961 averaged $2,68,
compared with $2.64 in 1960 and $2.38 in 1957. Total employment and
wage payments in 1960 exéeeded the levels of 1957, which was & yesar

of high activity in the manganese industry.
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U.S. IMPORTS

As previously noted, the United States is primarily dependent on
imports, principally in the form of manganese ore, for its supplies of
manganese. Inasmuch as U.S. prbduction of ore has been small, thé
volume of Imports in recent years has been determined in large measure
by activity in the steel industry and by the rate of U.S. Government
acqulsitions of mangenese for stockpiling. The importance of U.S.
Government acquisitions from foreign sources is indicated by the fact
that, in the 11 years 1951-61, duty-free imports for the U.S. Government
accounted for sbout one-fifth of the total quantity of manganese con-
tained in all imports of manganese ores and metallurgical products (table
5).

Manganese ore

Of the total quantity of manganese contained in ore imported during
1951~61, exclusive of duty-free imports for Government use, 93.2 percent
was contained<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>