




































































has been in oversupply worldwide.
Consequently, the United States dollar price for
ferromolybdenum since 1980 has trended
downward, 11.1 percent per year on average.

Outlook

Because of abundant resources and adequate
production capacity in the United States, China,
Chile, and other countries, the future
requirement for ferromolybdenum should be
readily met by the world producers. The
principal use for ferromolybdenum will continue
to be as an additive in steel manufacturing in
general, most importantly alloy and stainless
steel. Strong growth in production of stainless
steel and superalloys can be expected in the near
term with generally healthy economic conditions
over the next few years.

FERROVANADIUM
by
Robert G. Reese

Supply

Ferrovanadium, a ferroalloy produced through
the reduction of vanadium pentoxide by various
metallurgical processes, is used for adding
vanadium to steel to increase its hardness,
ductility, and toughness. The United States
relies on three sources for its vanadium
supply—domestic mining activity, other raw
materials with significant vanadium content, and
imports.

Although relatively abundant, vanadium rarely
occurs in deposits that can be economically
exploited solely for the contained vanadium.
Owing to its affinity for oxygen and other gases,
vanadium is usually recovered as vanadium °
pentoxide. Historically, the United States has
produced vanadium pentoxide as either a
byproduct or co-product of mining vanadiferous
clays in Arkansas, phosphate in Idaho and
Wyoming, and uranium in Colorado and Utah.
As aresult, domestic mine production of
vanadium is dependent on the market for the
other material. At present, domestic mine

production of vanadium pentoxide is limited to
one phosphate mine in Idaho.

The United States produces a significant amount
of vanadium pentoxide by processing other raw
materials. These materials are the products of
several waste streams in which the contained
vanadium is concentrated to a sufficient degree
to allow for economic extraction. They include
both domestically generated and imported fly
ash, slags from steel production, and petroleum
residues.

The remaining major source of vanadium for the
domestic economy is imported vanadium
pentoxide and ferrovanadium. The major
sources for domestic pentoxide imports are
South Africa and China. During the period
1995-98, these two countries have supplied 94%
and 5% of the U.S.’s requirements for vanadium
pentoxide. Sources for ferrovanadium imports
are more diversified. For 1995-98, Canada
(47%), China (15%), the Czech Republic (12%),
and South Africa (11%) were the most important
sources.

Although U.S. ferrovanadium production is not
reported because reporting is not mandatory, it is
believed that fewer than 10 domestic companies
produce ferrovanadium. Based on consumption
data and net imports of ferrovanadium, it is
estimated that domestic ferrovanadium
production in 1998 was about 3,000 t. During
the period 1980-97, similar estimates have
averaged approximately 3,200 t, and production
has trended downward about 2.7% per year as
shown in Figure 7.

Consumption

Although vanadium has many uses,
metallurgical applications account for essentially
all domestic consumption. Total vanadium
consumption was 4,390 metric tons (t) in 1998,
most of which (91%) was in the form of
ferrovanadium (4,010 t). Of the total 4,390 t,
various steel end uses accounted for 3,800 t,
with the major uses being carbon steel (1,650 t)
high-strength low-alloy steel (950 t), and full
alloy steel (891 t)."* The only other significant
consumption of vanadium in 1998 was 508 t for
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the production of alloys other than steel and
superalloys.

Outlook

Since the dominant use for ferrovanadium is as
an additive to steel, the steel industry will be the
primary factor influencing ferrovanadium
demand. Although the steel industry is cyclical,
it is believed that long-term ferrovanadium
demand will grow slightly, owing primarily to
the growing need for stronger and lighter steels.
Regarding the domestic vanadium supply, the
resumption of large-scale domestic mining
activity is unlikely. Recent development of low-
cost foreign deposits should, baring unforeseen
events, preclude reopening domestic mines. As
a result, the United States will rely on imports
and the processing of other raw materials to
supply the vanadium needed for its steel
industry. Although environmental concerns are
likely to lead to increased vanadium recovery
from various waste streams, increased foreign
processing capacity will result in more imports
of ferrovanadium.

FERROTITANIUM

by
Joseph Gambogi

Supply

On a gross weight basis, world ferrotitanium
production capacity is estimated to be 64,000
metric tons, led by the United Kingdom, Russia,
Japan, and the United States."”” U.S. producers
of ferrotitanium are Global Titanium, Inc.
(Detroit, MI), Shieldalloy Metallurgical Corp.
(Newfield, NJ), and Galt Alloys Inc. (North
Canton, OH). In addition to domestic producers,
numerous companies are involved in the
importation and trade of ferrotitanium.

Prior to the advent of clean scrap metal from the
titanium metal industry, ferrotitanium was
produced by aluminothermic reduction of
ilmenite. At that time, 30%-40% grade
ferrotitanium was produced as an additive to
stainless steels. Ferrotitanium is now produced
in grades ranging from 25% to 75% titanium
content; however, in the United States and

much of the world, production is based primarily
on the 75% grade. Production methods are
based on induction melting of scrap metal or in
some cases titanium sponge metal.'®

The supply of ferrotitanium is greatly influenced
by the price and availability of titanium scrap
and sponge. The primary source of scrap is that
generated during the fabrication of titanium mill
shapes. Because the production of titanium
metal is highly cyclic, so is the generation of
scrap. This has had a dramatic effect on the
price and availability of ferrotitanium. For
example, in 1997 titanium metal was produced
at arecord level. The excess scrap generated
during this production peak contributed to a 36%
decrease in ferrotitanium prices.

During the 1990's, imports played a major role
in the supply of ferrotitanium to the United
States. The dissolution of the Soviet Union in
1991 made large supplies of sponge and scrap
available to the open market. Scrap imports
began to increase in 1992, but an antidumping
duty on titanium sponge limited the volume of
imports. By 1993, former Soviet Union (FSU)
and European producers found that high-quality
ferrotitanium could be produced from FSU
sponge and scrap at competitive prices. From
1992 to 1993, annual imports of ferrotitanium
increased from 1,357 tons (gross weight) to
4,843 tons (gross weight) , a 257% increase.
The yearend published price of ferrotitanium in
1993 decreased 19% compared with that of
1992. Ferrotitanium imports have decreased
somewhat from the peak of 7,724 tons (gross
weight) in 1997, but continue to play a dominant
role in the supply of ferrotitanium.

Consumption

Global.consumption of ferrotitanium is
estimated to be 30,000 tons (gross weight) per
year and is led by Germany, France, Italy, Japan,
Scandinavia, and United States.” According to
survey data, ferrotitanium consumption in the
United States was about 3,600 tons (contained
weight). Since 1985, consumption has increased
4% annually.



Ferrotitanium is used in steel for deoxidation,
grain size control, and control and stabilization
of carbon and nitrogen. The addition of titanium
to steel is made in the ladle and is in form of
ferrotitanium, ferrosilicon-titanium, scrap, or
sponge.'®

On a technical basis, ferrotitanium is usually
preferred over titanium scrap or sponge.
Ferrotitanium has a lower melting point and has
a higher density than scrap. Consequently,
ferrotitanium is more readily dissolved in molten
metal. Another advantage of ferrotitanium over
scrap is the ability to control chemistry and
size.”” Ferrosilicon-titanium is used to permit
simultaneous addition of silicon and titanium,
usually in equal amounts.

Recent consumption trends have been led by the
production of stainless steel, boron hardened
steel, high strength, low alloy (HSLA) hot rolled
strip, interstitial free (IF) steels, low carbon
steel, and microalloyed steel."

Outlook

Growth in the consumption of ultra low carbon
steels for automotive applications and appliances
are expected to increase demand for
ferrotitanium. Given that the long-term growth
trend for ferrotitanium imports has been about
19% per year, imports are expected to meet
much of the future domestic demand for
ferrotitanium. New sponge capacity in the
Ukraine is expected to help supply European
producers of ferrotitanium.

FERRONIOBIUM
by
Larry D. Cunningham

Supply

The United States does not have a niobium
mining industry and must import all of its
niobium source materials for processing, mostly
niobium-bearing materials from Africa,
Australia, and China. Brazil and Canada are the
world's largest producers of niobium pyrochlore,
the niobium source material used to produce
steelmaking-grade ferroniobium, together

accounting for more than 95% of total reported
world production. Brazil discontinued the
export of pyrochlore in 1981 and now exports
only upgraded/value added niobium products,
mostly steelmaking-grade ferroniobium. Prior
to 1994, the United States converted pyrochlore
from Canada into steelmaking-grade
ferroniobium. However, starting in late 1994,
all pyrochlore produced in Canada was being
converted to steelmaking-grade ferroniobium in
that country. Four U.S. companies produce
ferroniobium from intermediate niobium
products, but production is of the high-purity
grade used for superalloy manufacture. Thus,
there basically is no U.S. production of
steelmaking-grade ferroniobium, and the U.S.
steel industry requirements for ferroniobium are
virtually satisfied entirely by imports.*’

Brazil is the leading producer of ferroniobium
for steelmaking, with an annual production
capacity of more than 20,000 metric tons of
contained niobium, with planned expansion to
increase capacity to more than 30,000 tons.
Canada's annual capacity to produce
ferroniobium for steelmaking is about 2,200 tons
of contained niobium. The United States
currently imports annually from Brazil about
4,000 tons of niobium contained in
ferroniobium, mostly steelmaking-grade, and
about 400 tons of niobium contained in
steelmaking-grade ferroniobium from Canada.

Ferroniobium supply has also been aided by
sales from the U.S. Government's National
Defense Stockpile (NDS). Ferroniobium sales
began in March 1997, and, about that time, the
NDS held about 530 tons of niobium contained
in ferroniobium, mainly steelmaking-grade
material. The majority of the stockpiled
ferroniobium has since been sold, with the NDS
Matager having disposal authority for the
remaining material.

It is estimated that less than 10% of steel
produced in the world benefits from the
advantages of niobium addition, with most
niobium-bearing steels containing less than
0.1% niobium.”’ While niobium is not
recovered from scrap steel containing it,
recycling of scrap steel is significant, and
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niobium content where applicable can be
reutilized. Much of the niobium recycled in
steel is diluted to nominal levels but tolerated,
effectively becoming a substitute for iron or
other alloy metals rather than being used for its
unique properties, or it is oxidized and removed
in processing.

Consumption

The principal use for niobium, in the form of
steelmaking-grade ferroniobium, is as an
additive in steelmaking to improve strength and
corrosion resistance characteristics. Also,
appreciable amounts of niobium, in the form of
high-purity grade ferroniobium, are used in
nickel- and cobalt-based superalloys for
applications such as jet engine components such
as turbine blades and vanes. Ferroniobium is
typically available in grades containing from
60% to 70% niobium. The United States
currently consumes about 3,900 tons of niobium,
including about 3,200 tons of niobium contained
in ferroniobium of which about 2,800 tons is in
the form of steelmaking-grade ferroniobium.
The amount of niobium consumed as
ferroniobium currently accounts for about 80%
of total U.S. niobium demand and has increased
by a total of about 22% since 1980, a growth
rate trend of less than 1% per year based on
consumption in 1980 and 2000. For the same
period, niobium consumed as ferroniobium in
steelmaking has increased by about 35% and
accounts for more than 70% of total U.S.
niobium consumption. Based on U.S. reported
ferroniobium consumption data, the amount of
niobium consumed per ton of steel produced
(including non-niobium containing steels) has
increased by more than 25% since 1980, a unit
consumption growth rate trend of about 1.6%
per year. In the automobile industry, the
use/amount of high-strength niobium-containing
steel has continued to increase despite the trend
to reduce the total amount of steel in
automobiles. While most niobium-bearing
steels contain less than 0.1% niobium, some
stainless steels can contain as much as 1.25%
niobium. (See table 2). The most important
niobium-containing superalloy, nickel-base alloy
Inconel 718, contains about 5% niobium.

The ferroniobium price is affected most by the
availability of pyrochlore and the capacity to
convert this material to steelmaking-grade
ferroniobium. As the dominant
producer/supplier of ferroniobium since the mid
to late 1960's, Brazil has maintained a marketing
strategy of stable supply and moderate price
changes. As mentioned, the demand for
steelmaking-grade ferroniobium since 1980 has
increased a total of about 35%, while the price
has increased a total of less than 10%. In terms
of constant dollars, the price has actually
declined by more than 40%, or 2.8% per year on
average, mostly a function of readily available
ferroniobium supply.

Outlook

The nonavailability of pyrochlore minerals from
Brazil and Canada for U.S. processing dictates
that future requirements of steelmaking-grade
ferroniobium from the domestic steel industry
will be met almost entirely with imports. Brazil
will continue as the leading source for U.S.
imports of steelmaking-grade ferroniobium, and
Canada will also be a major source of supply.
Most of the U.S. requirements for high-purity
grade ferroniobium will continue to be met by
domestic production.

The principal use for ferroniobium will continue
as an additive in steelmaking, mostly in the
manufacture of microalloyed steels used for
pipelines, bridges, automobiles, etc. The trend
of U.S. niobium demand will continue to follow
closely that of domestic steel production. The
production of high-strength low-alloy steel is the
leading use for steelmaking-grade ferroniobium,
and the close relationship between steel
production and niobium consumption is
expected to continue. Superalloy manufacture,
the second largest use for ferroniobium, will be
most dependent on the market for aircraft
engines. Nickel-base superalloys (in particular
alloy 718), which can account for about 40% to
50% of engine weight, are expected to be the
materials of choice for the future owing to their
high-temperature operating capability.

FERROTUNGSTEN
by



Larry D. Cunningham and Kim B. Shedd
Supply

There has been no recorded U.S. tungsten
concentrate production since 1994. Prior to
1999, when the U.S. Government began selling
tungsten materials from the National Defense
Stockpile (NDS), the United States imported all
of its tungsten mineral concentrates, mostly from
Bolivia, Kazakhstan, Portugal, and Russia. The
imported and NDS concentrates and tungsten-
bearing scrap are processed into ammonium
paratungstate, tungsten oxide, tungsten powder,
tungsten carbide powder, and/or tungsten
chemicals. There has been no reported U.S.
production of ferrotungsten since the late 1980's,
and until 1999, the United States imported most
of its ferrotungsten requirements. U.S.
ferrotungsten imports, less than 700 metric tons
of contained tungsten in 1999, came mostly
from China (over 74%) and Russia (about 25%).
Ferrotungsten generally accounts for less than
10% of total U.S. tungsten imports.

China is the leading producer of tungsten
mineral concentrate, currently accounting for
more than 75% of total estimated world mine
production. Prior to 1985, tungsten mine
production in China was dominated by state
mines. However, with promotion of private
production, China’s current output from private
tungsten mines reportedly is at a level double
that from state mines.*? However, most
tungsten exports from China are in processed
forms, including ferrotungsten, in lieu of
tungsten concentrates. China’s ferrotungsten
production is said to account for an estimated
90% of total world production.”® In recent
years, ferrotungsten from stockpiles in China,
Kazakhstan, Russia, and Ukraine also has been a
significant source of world supply.” In the first
half of 1999, to combat oversupply and the
excessive waste of resources, the Chinese
government banned the issuance of new
tungsten mining permits and reduced the number
of export licenses for tungsten materials.>*

In August 1999, the U.S. Government initiated
the sale of ferrotungsten from the National
Defense Stockpile (NDS). At that time, the

NDS held approximately 918 tons of tungsten
contained in ferrotungsten, all of which was
authorized for eventual disposal. The minimum
amount of ferrotungsten that could be sold
during the fiscal year, part of the Annual
Materials Plan, was set at 136 tons for the fiscal
year beginning October 1, 1998% and was
maintained at the same level for the following 2
fiscal years.

Certain alloy, stainless and heat-resisting, and

tool steels can contain up to about 21% tungsten.

(See

table 2.) Of the tungsten recycled from this end-
use sector, scrap is returned to the steel industry
with consequent dilution of the contained
tungsten in new steel production.?

Consumption

The main use for tungsten in the United States is
in the form of tungsten carbide powders for the
manufacture of cemented carbide parts to be
used as cutting and wear-resistant materials
primarily in the metalworking, oil and gas
drilling, mining, and construction industries.
This use accounts for more than 70% of total
U.S. annual tungsten demand. Tungsten also is
consumed by the steel industry, accounting for
about 5% of total U.S. demand. Tungsten’s use
in this sector is mainly in the production of tool
steels, and, to a minor degree, in certain grades
of alloy, and stainless and heat-resisting steels.
Tungsten is supplied to the steel industry in the
form of ferrotungsten in grades containing from
75% to 80% tungsten, as natural or synthetic
scheelite (CaWOy) containing 55% to 70%
tungsten, as tungsten melting base containing up
to 36% tungsten, and as tungsten metal scrap
containing 90% to 98% tungsten from the
lighting (filament) industry. The choice of the
alloying agent is largely determined by the
steelmaking practice, product requirements, and
economics.””**%

Current (2000) annual consumption of tungsten
in the United States is estimated at about 14,700
metric tons. On the basis of data reported by
industry to the U.S. Geological Survey,
approximately 500 tons of tungsten is consumed
in the form of ferrotungsten, mostly in
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steelmaking. The tungsten contained in
ferrotungsten consumed as a percentage of total
tungsten consumption has experienced a growth
rate trend of about 5.5% per year since 1980.
For the same period, the amount of tungsten
consumed as ferrotungsten has increased by
more than 140%, a growth rate trend of about
7% per year. Also, the amount of tungsten
consumed per ton of alloy steel produced
(including many non-tungsten containing alloys)
has increased substantially since 1980, with a
unit consumption growth rate trend of more than
10% per year.

The ferrotungsten price is affected most by the
price for tungsten concentrates, which
historically has fluctuated in response to either
scarcity or oversupply. Some of the variables
that have influenced the irregular tungsten price
cycles include China’s position as the world’s
largest producer, material availability from
Communist or former Communist countries,
buildup or reduction in various Government
stockpiles and industry inventories, and
production fluctuations.”® Since 1985, the
current dollar price for ferrotungsten has
decreased by a total of about 30%, a decline of
3.8% per year on average in terms of constant
dollars.

Outlook

Future ferrotungsten requirements from the
domestic steel industry will be met primarily by
imports and sales from the NDS. China will
continue as the dominant producer/exporter of
tungsten products and the leading source of U.S.
ferrotungsten supply. Approximately one-
quarter of the world’s tungsten supply comes
from various Government stockpiles, while
world tungsten mine capacity is estimated to be
less than demand. As these stockpiles are
depleted, mine production will have to be
increased in order to meet future tungsten
demand.”*

Cemented carbides will continue as the major
end-use for tungsten and future demand will be
dependent on the performance of the
automotive, aircraft, construction, oil and gas
drilling, and mining industries. U.S. tungsten

consumption, in the form of ferrotungsten, is
expected to remain at less than 10% of total
demand. Demand will continue to come mostly
from the domestic steel industry, in the
production of tool steels, and the health of this
end-use sector will dictate future U.S.
consumption of ferrotungsten.
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