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Introduction
Carl Wilhelm Scheele identified molybdenum as an element in 1778,
and Peter Jacob Hjelm produced metal powder by reduction in 1782.
However, molybdenum did not find application in metallic form until
1910, as a filament support for incandescent lamps.1
Its strength at high temperatures, and its greater ease of working and
lower cost compared to tungsten made it a clear choice for the
application. The advent of vacuum-tube electronics created a great
need for materials with high temperature strength and stability,
increasing the demand for molybdenum. Molybdenum metal and its
alloys found more and more applications, always based upon some
unique property or suite of properties that no other material could
provide. Most of these applications relied in one way or another on
molybdenum’s elevated temperature strength. The process of
property-driven application development continues today. Because of
molybdenum’s high cost compared to more common engineering
materials, designers do not select it unless it is required. Today
designers use molybdenum to meet specific needs with respect to
elevated temperature strength, chemical compatibility, tribological
properties, or physical properties like thermal expansion, thermal
conductivity, and electrical conductivity. This article discusses
molybdenum’s unique property suite, identifies commercially
available alloys and materials systems based upon molybdenum, and
presents some of the processing technologies used for these materials;
it then discusses molybdenum’s place in the market using examples of
traditional and emerging applications.
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Bottom, courtesy of
H.C. Starck, Inc.
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Molybdenum,
Its Alloys, and Its
Processing
Table 1 summarizes some of the properties of
molybdenum and identifies competitive materials
and materials systems. While it is tempting to
believe that applications are controlled by a single
property, in truth many molybdenum applications
exist because of a useful combination of several
properties. For instance, hot strength is a critical
property for high-temperature tooling like casting
die inserts, but molybdenum’s high resistance to
failure by thermal shock and thermal fatigue are
equally important. These qualities relate to
molybdenum’s unique combination of low heat
capacity and high thermal conductivity, which
minimizes thermal stresses. Molybdenum’s longstanding use as a power semiconductor heat sink
is due in part to its excellent thermal expansion
match with silicon, but its good electrical and
thermal conductivity provide additional
advantages compared to competitive materials.
Table II summarizes classes of molybdenumbased alloys and materials systems that have
evolved in order to optimize specific properties and
improve performance. Each of the systems
evolved in response to performance needs in
certain applications. The carbide-stabilized alloy
TZM is one of the oldest commercial alloys; MHC,
stabilized with hafnium carbide precipitates, is a
more recent member of the same family. These
alloys improve molybdenum’s hot strength, creep
resistance, and recrystallization resistance.
Alloying with tungsten also improves hot strength,
but molybdenum-tungsten alloys find widest use
in handling molten zinc, where they resist zinc
corrosion. The Mo-30 wt. % W alloy is nearly as
corrosion resistant as pure tungsten at a greatly
reduced density and cost. Oxide-dispersed alloys
impart extraordinary creep resistance at

temperatures as high as 2000° C. Molybdenum
sheet clad with copper provides enhanced thermal
and electrical conductivity and increased thermal
expansion coefficient (CTE), allowing a good
match with ceramic substrates used in integrated
circuits. Copper-molybdenum powder composite
materials have the added advantage of isotropic
properties; if enhanced properties are required,
they can also be clad with copper. Molybdenumnickel laminates provide an easily soldered or
brazed nickel surface, eliminating environmentally
challenging nickel plating processes.
Molybdenum is produced by both powder metallurgical (PM) and vacuum casting techniques.
Figures 1 and 2 illustrate the two
processing routes schematically. In the PM route,

Table I. Properties of Molybdenum
Property Class

Property
Hot strength

Mechanical

Creep resistance
Wear resistance
Machinability
Corrosion resistance

Chemical

Compatibility with
molten glass
Adherence to glass
substrates
Etchability
Low vapor pressure
Electron emission
Thermal expansion

Physical
Thermal conductivity

Electrical conductivity

Low diffusivity into
other materials
Low friction
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pure metal powder is made from high-purity
starting material (ammonium dimolybdate or
molybdenum trioxide) in a two-step hydrogen
reduction process. This powder is blended with
constituents appropriate to the alloys being
manufactured. Blended powder is isostatically
pressed to produce a preform, which is sintered at
high temperatures in hydrogen or vacuum to
produce a billet that is 94%-97% of
molybdenum’s pore-free density. Hot and cold
processing operations are combined with
appropriate intermediate and final annealing
practices to manufacture mill products (plate,
sheet, foil, bar, rod, wire, and forgings).
PM processing has the advantage of being a
lower-cost route to produce material, and can
produce shapes with relatively low scrap losses.

Applications

Competing Materials

Lighting, furnaces,
Tungsten
hot tooling
Lighting, furnaces
Tungsten, graphite
Hot tooling,
Tungsten
anti-friction coatings
Fabricated parts for a
Many, most are
variety of applications
more machinable
Metal handling
Noble metals,
and casting
graphite
Glass melting electrodes,
Platinum, tin oxide,
furnace components
nickel alloys
Lighting components,
Titanium,
integrated circuits
chromium
Lighting components,
Titanium,
integrated circuits
chromium
High temperature
Tungsten,
vacuum components
tantalum
Lamp components
Nickel, others
Silicon power devices,
W, W-Cu, AlSiC,
integrated circuits,
AlN, AlGr
hot work tooling
Traditional tooling materials
Silicon power devices,
Copper, aluminum,
integrated circuits,
W, W-Cu, AlSiC,
hot work tooling
AlN, AlGr
Silicon power devices,
Copper, aluminum,
integrated circuits
W, W-Cu, AlSiC,
AlN, AlGr
Integrated circuits,
Ti,
flat panel displays
Cu-Al
Anti-friction coatings
Carbon, brass

Table II. Molybdenum Alloys and Materials Systems
System

Example

Properties of Interest

Pure Mo

99.95 wt % Mo

Elevated temperature strength,
thermal conductivity, thermal expansion

Mo-W

Improved hot strength;
Zn corrosion resistance

Mo-Re

Improved low temperature ductility

TZM

Improved hot strength and creep resistance

MHC

Higher hot strength and creep resistance
than TZM

La2O3 (ML,ODS-Mo)

Outstanding hot strength and creep
resistance

Y2O3 (MY)

Outstanding hot strength, creep resistance

Substitutional alloys

Carbide-stabilized alloys

Oxide-dispersed systems

Other systems

Cu-Mo-Cu laminate

Engineered thermal properties

Mo-Ni laminate

Solderability

Mo-Cu powder composite

Isotropic engineered thermal properties

Figure 1.
Powder metallurgical processing of molybdenum metal products.

The oxide-doped alloys cannot be produced by
melting techniques at all. Powder processes are
required to obtain the fine dispersion of oxide
particles in the molybdenum matrix that are
responsible for these alloys’ extraordinary hightemperature mechanical properties. PM processing
must be controlled carefully to avoid the
detrimental effects of adsorbed oxygen and oxide
films on powder particles. Alloys containing
reactive metals like Ti, Zr, and Hf form very stable
oxides that affect microstructure and can affect
performance as well. Manufacturers, over the
years, made great progress on these problems,
and PM processing now accounts for the vast
majority of all molybdenum metal and alloy produced in the world.

Both vacuum arc-casting (VAC) and electron beam
(EB) melting are used to cast molybdenum and its
alloys. In the arc-casting process,
molybdenum ingot is melted using a
semi-continuous press-sinter-melt (PSM)
process. The process consolidates powder
blends into electrodes and melts the
electrodes in a water-cooled copper crucible
under vacuum. Arc-cast ingots are usually
extruded in their first processing step to
prevent hot cracking at grain boundaries
and break down the large as-cast grains.
EB melting also uses a water-cooled
copper crucible to contain the melt. It is
usually performed under lower pressures
Courtesy of PLANSEE Metall.
than VAC melting. EB melting does not
require virgin powder; this means that the
process can be used to recycle process
scrap. Because the heat used to melt the
material is applied independently of the
heat to maintain the molten solidification
pool, EB-melted ingots typically have
smaller grain size than VAC ingots.
Because of this, EB-melted material is
often forged in the as-cast condition.

Figure 2.
Processing molybdenum via EB melting or arc-casting technology.

Courtesy of PLANSEE Metall.
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Figure 3.
Automotive halogen lamp, showing molybdenum sealing ribbons and reflector caps.
Courtesy of PLANSEE Metall.

All ingot-casting techniques require a surface
preparation step prior to forging or extrusion, in
order to remove surface porosity and possible
contaminants from the ingot mold. Cast alloys,
while typically more expensive to produce than
PM alloys, provide benefits for that additional cost.
They are lower in impurities, especially volatile
species that evaporate in the casting process.
Alloying is accomplished in the melt, where it is
more likely to be homogenized than in solid-state
sintering. Since the technologies use a deoxidizer,
excess oxygen is not a problem. Oxygen contents of
10 ppm or less are normal in cast material.
In all of these processing techniques,
thermomechanical processing serves two roles: to
create a useful final product form, and to impart the
required mechanical properties. Manufacturers
employ various hot, warm, and cold deformation
processes in combination with annealing steps to
produce the desired microstructures and properties
in finished products. Round, flat, and shape
rolling, rod and wire drawing, rotary forging,
swaging, forming and deep drawing are all used to
process molybdenum.

Traditional applications consume significant
volumes of material, but new applications are
emerging that promise to supplant and surpass
many traditional applications.

Lighting
Lighting is the oldest application for molybdenum
metal. In fact, some applications in this market
are nearly unchanged from the earliest applications.
Figure 3 illustrates the most highly evolved
example of the traditional tungsten filament
incandescent lamp: the automotive halogen
headlamp. The high temperatures in halogen
lamps require a pure silica (quartz) glass envelope.
Molybdenum sealing ribbons provide a transition
from the external lamp wiring to the internal
refractory metal components. Molybdenum’s low

thermal expansion coefficient and good bonding
with silica glass make it ideal for this application.
The profile of the strip used in the sealing ribbons is
engineered to minimize stresses in the glass arising
from expansion mismatches during manufacturing
and operation. Molybdenum reflector caps control
the shape of the lamp beam, so that it does not
impair the vision of oncoming drivers. Strip used
for reflectors must meet stringent surface finish and
ductility requirements because it is drawn into the
cup shape at high speeds. Strip failure during
drawing creates significant productivity losses, and
may result in damage to expensive multi-cavity
tooling. Molybdenum also finds application in
other traditional lighting applications such as
discharge lamps.
A example of an emerging lighting application is
shown in Figure 4. The cold cathode
fluorescent lamp (CCFL) illuminates liquid crystal
flat panel displays (FPDs). The dramatic increase in
sales of FPDs drives demand for molybdenum in
these lamps. Molybdenum hollow cathode cups
replaced the formerly used nickel cups due to its
better sputter resistance and emissivity, while doped
molybdenum lead pins replaced Kovar, offering a
much higher thermal conductivity and allowing
lower lamp temperatures. The rapidly evolving high
brightness light emitting diode (HBLED) technology
may also be an area where copper-clad
molybdenum or Mo-Cu composites are needed.
Even though HBLEDs are extremely efficient in

Applications
Molybdenum touches our lives every day, but in
ways that are usually invisible to the end user.

4

Figure 4.
Cold cathode fluorescence lamp (CCFL) and molybdenum components.
Clockwise from upper left: examples of lamp geometries,
molybdenum cups, Mo/Mo/Dumet electode assembly, HT pins.
Courtesy of PLANSEE Metall.

Table III. Characteristics and Status of Lighting Industry Applications
Application

Mo Product

Elevated-temperature
Mechanical Properties

Chemical
Properties

Physical
Properties

Alternative
Materials

Traditional applications
■

Halogen lamps

■

Sealing and
support wire

■

Strength for
sealing process

■

Discharge
lamps

■

Reflector caps

■

Creep resistance

■

Sealing foil

■

■

Mo powder demand: ~1300 mt/yr

Corrosion
resistance
against lamp
gases

■

High melting
point

■

CTE

Good bond
strength with
glass

■

Thermal
and electrical
conductivity

None

Market status: shrinking

Emerging applications
■
■

CCFL lamps
HBLED lamps

CCFL:
■ Mo cup and pin
for electrode

CCFL:
■ Strength for
sealing process

HBLED:
■ MoCu or
Cu-Mo-Cu
heat sink

■

Creep resistance

CCFL:
■ Compatible
with mercury

CCFL:
Electron
emission,
thermal and
electrical
conductivity

■

■

Sputter
resistance

HBLED:
Thermal
and electrical
conductivity

CCFL:
Ni & Ni alloy
■ Nb
■ Kovar
■

HBLED:
■ Cu
■ Al
■ AlSiC
■ AlN
■ Etc.

■

■

Mo powder demand: ~100 mt/y
comparison to traditional incandescent lamps, they
still generate high power densities that require
efficient heat removal.
Table III summarizes the status of lighting
applications. Traditional applications depend
primarily on molybdenum’s elevated temperature
strength and creep resistance, and its chemical
compatibility with the glass systems and halogen
gases present in lamps. Molybdenum’s attractive
thermal properties (conductivity and expansion)
and electrical conductivity are also factors in these
applications. Because of molybdenum’s unique
property suite, no suitable replacement materials
have yet been found. Emerging applications like
CCFLs rely on the same suite of properties,
combined with sputter resistance and emissivity,
while HBLEDs exploit the thermal and electrical
properties of molybdenum. In these applications,

CTE

Market status: rapidly growing

there are numerous alternatives to molybdenum.
Time and the evolution of device design will
determine the ultimate optimal material choices.
The material competition is particularly robust in
the area of HBLEDs, where many of the welldeveloped thermal management materials also

compete, and where design improvements may still
significantly reduce thermal loads on the devices.
Emerging applications, while not yet consuming as
much powder as traditional applications, have
high growth rates. The quantity of molybdenum
powder required to serve traditional markets is

Figure 5.
Glass melting furnace components. Top left to bottom left: furnace protection
shields, glass-melting electrodes, molbdenum glass stirrers. Right: schematic
of glass-melting furnace showing molybdenum applications.
Courtesy of PLANSEE Metall.
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Glassmaking and
High-temperature
Furnaces

Figure 6.
Typical molybdenum vacuum furnace and components.
Bottom right: load support structure. Top right: Heating elements and heat shields.
Courtesy of PLANSEE Metall.

significant now, but is decreasing. The extent to
which emerging markets will replace traditional
markets will depend critically upon the evolution of
the applications within the markets, and upon
molybdenum’s ability to succeed against competing
materials. Cost is a significant factor in all these
applications.

The traditional lighting applications
are commodity-like businesses, and require low
costs. The emerging applications, aimed at the
high-volume consumer markets, are also highly
cost-sensitive. Material cost stability and tight
control of manufacturing costs are important factors
for success in this market.

Glass manufacturing and furnace construction have
long been important applications for molybdenum.
Molybdenum’s high-temperature strength,
fabricability, and compatibility with most glass
compositions make it an ideal choice in
glassmaking. Figure 5 illustrates a typical
glass-melting furnace installation with
molybdenum components. Molybdenum’s strength,
creep resistance, and erosion resistance in glass
melts make it ideal for stirrers, glass melting
electrodes (GMEs), and furnace shields, all of which
must resist stresses and erosion imposed by the
molten glass. Molybdenum also resists glass
corrosion, and the small amounts that dissolve in
the melt do not discolor the glass. Molybdenum
can be made with very low carbon content (<20
wt. ppm), preventing the formation of CO2 bubbles

Table IV. Characteristics and Status of Glass and Furnace Industry Applications
Application

Mo Product

Elevated-temperature
Mechanical Properties

Chemical
Properties

Physical
Properties

Alternative
Materials

Traditional applications
■

Glass tank
components

■

GMEs

■

Strength

■

Stirrers

■

Creep resistance

■

Shields

■

Dies for glass
fiber
manufacture

■

■

■

Corrosion
resistance in
molten glass

■

Melting point

■

Noble metals

■

Thermal
and electrical
conductivity

■

Nickel base
alloys

■

SnO

■

Refractories

No discoloration
of glass
No formation
of CO2 bubbles

Mo powder demand: ~400 mt/y Market status: shrinking
Emerging applications
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■

Vacuum
furnaces

■

Hydrogen
atmosphere
furnaces

■

Heat shields

■

Strength

■

Heating
elements

■

Creep resistance

■

Support
structures

■

Boats

■

Setter tiles

Mo powder demand: ~300 mt/y

■

Compatibility
with hydrogen

■

Melting point

■

Graphite

■

Thermal
and electrical
conductivity

■

Tungsten

■

Tantalum

Low vapor
pressure

■

Ceramics

■

Market status: slowly growing

Figure 7.
Traditional molybdenum applications in hot metal forming. Upper right: TZM
and MHC isothermal forging die components used to manufacture aircraft gas
turbine (upper left) components. Lower right: TZM piercing plugs for the
manufacture of pierced stainless steel tubing (lower left). Courtesy of PLANSEE Metall.

in the molten glass due to reaction between glass
and carbon in solution.
Figure 6 illustrates typical applications in the
vacuum furnace industry. Pure molybdenum,
oxide-dispersion strengthened alloys such as ML or
ODS Mo, and TZM are used because of their high
temperature strength and creep resistance.
Molybdenum’s low vapor pressure at high
temperature means that it does not contaminate
workloads, an important factor when heat treating
reactive metals like titanium. Molybdenum is used
for support structures, heat shields, heating
elements, and all manner of vacuum furnace
hardware. Molybdenum’s poor oxidation resistance
prevents its use in oxygen-containing atmospheres,
but it is used extensively for furnace boats, setter
tiles, heating elements, and load-bearing
components in hydrogen atmosphere furnaces.
Unlike the refractory metals tantalum and niobium,
molybdenum forms no deleterious hydrides.
Hydrogen gas protects molybdenum against
oxidation, providing an ideal environment.
Table IV summarizes the status of glass
melting and furnace applications. Molybdenum
has held a significant position in the glass melting
industry since the advent of electrically boosted
furnaces to increase productivity. Several materials
theoretically can compete with molybdenum in
certain areas, but none has a combination of

properties like molybdenum’s. For example tin
oxide and platinum are used in niche applications
requiring specific chemical characteristics or other
properties, but they cannot compete with
molybdenum’s overall cost-effectiveness.
Improvements in efficiency gained by furnace
design and operating practice have resulted in a
slowly declining demand for molybdenum in
these applications.
Competing materials have had an effect on
molybdenum consumption in the furnace industry,
especially in vacuum furnace technology. Graphite

is a strong competitor for vacuum furnaces in
general duty applications. Molybdenum’s place
in the vacuum furnace industry is in applications
that require the ultimate in cleanliness and
contamination-free operation. Superalloys and
high-tech materials systems are processed in
all-molybdenum furnaces. This segment has seen
a slight growth with time. With the increasing
interest in nuclear technology, there may be an
increase in demand for fuel sintering furnaces,
which typically use molybdenum components.

Material Forming
Molybdenum and its alloys have made important
contributions to hot metal forming. Molybdenum’s
high strength at elevated temperatures, creep
resistance, and resistance to thermal shock and
fatigue make it the material of choice for
demanding applications. Hot work tooling is
manufactured from TZM or MHC, because of their
improved strength and creep resistance over pure
molybdenum. Figure 7 illustrates two
well known applications for these alloys:
isothermal forging dies and components, and
piercing plugs for stainless steel tube forming.
Molybdenum’s unique high-temperature
mechanical properties and wear resistance allow it

Figure 8.
Emerging applications of molybdenum alloys (right) and products made using
them (left). Top to bottom: MHC dies for brass extrusion, TZM
inserts for Al and Mg die-casting, TZM hot runner die inserts for
plastic injection molding.
Courtesy of PLANSEE Metall.
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Table V. Characteristics and Status of Material Forming Applications
Application

Mo Product

Elevated-temperature
Mechanical Properties

Chemical
Properties

Physical
Properties

Alternative
Materials

Traditional applications
■

Isothermal
forging

■

Tube forming

■

■

TZM and MHC
forging dies
and accessories

■

TZM piercing
plugs

■

Mo-W molten
Zn tooling

Molten Zn
handling

TZM, MHC:
None identified

■

High temperature
strength

■

■

Creep resistance

MoW alloys:
■ Corrosion
resistance in
molten Zn
■

■

Thermal
conductivity and
heat capacity
(thermal shock
resistance)

■

Wear resistance

■

Thermal
conductivity and
heat capacity
(thermal shock
resistance)

None

Good
hot strength

Mo powder demand: ~100mt/y Market status: stable
Emerging applications
■

Metal
extrusion

■

Plastic
injection
molding

■

Extrusion and casting:

■

MHC dies

■

TZM hot
runner nozzles

■

High temperature
strength

■

TZM tool inserts

■

Creep resistance

Al and Mg
casting

Plastic injection
molding:
■ Good corrosion
resistance
against plastics
at medium
temperatures

■

■

Stellite

■

CuBe

■

Steel

Wear resistance

Casting:
Stable to Al,
Mg, Zn attack

■

Mo powder demand: ~10 mt/y
to forge nickel base superalloys in the
superplastic deformation regime. The machining
savings that accrue by producing a near net shape
part easily justify the expense of using massive
molybdenum die sets, in forging presses operating

Market status: growing

in controlled environments to prevent oxidation
of the tooling. Piercing plugs operate in ambient
atmospheres, and the same strength and wear
resistance enable significant increases in
productivity in tube-making mills.

X-Ray Target

Cathode components

Rotor

Mounting

Figure 9.
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Medical X-ray tube (right) and molybdenum components. Left, top to
bottom: rotating anodes, rotors, and cathodes.
Courtesy of PLANSEE Metall.

The molybdenum trioxide that forms during use
can also provide some lubricity, reducing friction
and improving internal surfaces of the finished
product.
Figure 8 illustrates several emerging
applications for molybdenum tools. Some of these
were identified in the past, but earlier alloys could
not provide the required performance.
Improvements in molybdenum alloy properties and
increased demands for productivity and quality
have made them feasible, and they now consume
substantial amounts of material. TZM alloy has
been used for many years as a die insert material
for brass extrusion dies, but was relegated to
leaded brass alloys and small sizes because of
strength limitations. The higher strength MHC
alloy can extrude a wider range of stronger, more
abrasive alloys, and can produce larger sizes.
Molybdenum has also been used for inserts in
aluminum and magnesium die casting dies where

Medical

Figure 10.
Traditional molybdenum electronic applications. Clockwise from upper left:
Diodes used for low power rectification, molybdenum heat sinks used in that
application, molybdenum base plates for high-power semiconductors, assembled
power semiconductor packages.
Courtesy of PLANSEE Metall.

hot cracking is a problem. Molybdenum’s
combination of low heat capacity and low thermal
expansion make it significantly more resistant to
surface cracks from thermal shock. Increasing
demands for quality in automotive castings, and
casting design that has pushed traditional die
materials to their limits, spurred an increased use
of TZM in critical regions of casting tools.
Manufacturers of plastic injection-molded
components are finding advantages for TZM
tooling, despite the fact that their operating
temperatures are much lower than

traditional metalworking or metal casting
processes. TZM’s excellent strength, corrosion
and erosion resistance, and thermal stability all
contribute to its selection in this application.
Table V provides an overview of the material
forming industry and molybdenum’s place in it.
Here the emerging applications are evolutionary in
nature, representing extensions of applications long
known for molybdenum and its alloys. The
traditional applications provide a stable market,
while the emerging applications are growing.

Medical applications of molybdenum are almost
exclusively components of high-energy rotating
anode tubes used in computerized axial
tomography (CAT) scanners. Some molybdenum is
also used in the detector arrays of CAT scanners,
but here it competes against tungsten, which
absorbs the scattered radiation even more
effectively than molybdenum. Figure 9
illustrates molybdenum applications in a typical
rotating anode X-ray tube. The rotating anode, the
tube’s "business end," uses pressed, sintered, and
forged TZM. The anode contains a focal track of
W-Re alloy manufactured integrally with the rest of
the target in this process. Electrons emitted by the
cathode assembly bombard the W-Re track as the
anode rotates, causing the track to emit X-rays.
The electron beam heats the W-Re track nearly to
its melting point immediately underneath the
beam, generating enormous amounts of heat. The
tube stores this heat in a graphite heat sink brazed
to the TZM target, and then re-radiates it from the
heat sink to the surrounding environment, which in
the case of the tube assembly is an oil bath.
The rotor used to spin the target also reaches high
temperatures, so it is made from TZM alloy.
The rotor is designed to limit the amount of heat
transferred down the shaft to the bearings.

Table VI. Characteristics and Status of Medical Applications
Application

Mo Product

Elevated-temperature
Mechanical Properties

Chemical
Properties

Physical
Properties

Alternative
Materials

Traditional applications
■
■

X-ray tubes
X-ray detectors

■
■

Rotating anodes
Bearings and
rotors

■

■

Tubes:
Thermal
conductivity
■ CTE

High temperature
strength

■

Creep resistance
■

■

Cathode parts

None identified

Collimators:
Radiation
absorption

■
■

Collimator
components

■

Dimensional
control of sheet

■

Surface finish

Tubes:
■ Tungsten
Collimators:
Tungsten

■
■

Tungsten
heavy alloy

Mo powder demand: ~350mt/y Market status: slowly growing
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Molybdenum is also found in tooling and other
equipment used to manufacture electronic devices
and multilayer circuit board assemblies.
Molybdenum sheet is used in masks to apply circuit
inks in multilayer ceramic circuit board assemblies.
In the same technology, molybdenum powders
formulated to specific particle size distributions are
contained in inks that create the circuits on these
boards.

Figure 11.
Emerging molybdenum electronic applications. Clockwise from upper left:
Radio frequency integrated circuit for telecommunications,
PVD-coated Cu-Mo-Cu heat sinks for radio frequency packages, nickel plated
baseplates for power electronics, two IGBT power modules for hybrid vehicles.
Center: Cu-CuMo-Cu clad sheet microstructure.

Courtesy of PLANSEE Metall.

X-ray tube components are a traditional
application. The designs are highly evolved, and
the higher power densities they require push the
materials to their limits. Larger and larger targets
spinning at faster and faster speeds are needed to
handle the energy deposited by the electron beam.
Weight restrictions driven by stress and balance
considerations continue to force reduction in
molybdenum weight in the targets. As a result, the
amount of powder required to serve the medical
industry grows only slowly.
Table VI summarizes these considerations.
Given the unique engineering requirements of X-ray
tube design, molybdenum is one of only a few
alternatives now available.

Electronics
Electronic applications have required molybdenum
from the earliest days. Molybdenum’s elevated
temperature strength and creep resistance,
compatibility with tube glass formulations, low
vapor pressure, and compatibility with standard
metalworking technologies made it an optim choice
in vacuum tubes. These applications
consumed a significant amount of material for
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many years. With the advent of solid-state
electronics, it appeared that molybdenum’s place
in the industry might disappear. However,
molybdenum’s unique combination of physical
properties (excellent thermal expansion match with
silicon, good electrical and thermal conductivity),
good mechanical properties at ambient
temperatures, ease of plating, and compatibility
with existing brazing and soldering technologies
made it the material of choice for construction of
these devices as well. Molybdenum is used
extensively in the industry as a heat sink material
for rectifier diodes in consumer goods, and for
high-power semiconductors used in motor control
and power generation. Figure 10 illustrates
some of these components. The small heat sinks
are manufactured by the millions daily in highly
automated pressing and sintering operations, while
the heat sinks for large power devices are typically
made from sheet that is stamped, machined, and
plated to exacting specifications. These traditional
applications consume molybdenum at growth rates
that mirror the overall economic development
of the world, and are tied to rail transportation,
power generation, and capital investment in
manufacturing plant equipment.

Arc chambers of ion implanter equipments used to
dope semiconductors are often entirely made of
molybdenum or TZM enabling a long service life in
the highly corrosive environment created by the
chemicals used in this process.
Applications for molybdenum are also emerging in
the integrated circuit and power semiconductor
areas. Figure 11 illustrates a few.
Integrated circuits are built on ceramic substrates
having higher thermal expansion coefficients than
silicon. Molybdenum’s thermal expansion
coefficient (CTE) must be modified to provide an
acceptable expansion match. This can be done by
cladding molybdenum sheet with copper, by
creating a MoCu powder composite material, or
even by cladding this composite material with
copper. This approach can produce tailored
thermal properties and improved device
performance. Telecommunications growth is a
major driving force in this market. The expansion
of mobile telephone technology around the globe
created a large demand for integrated circuits,
which generate high power densities and require
advanced thermal management materials. The
same materials used in telecommunication have
recently found application in heat sinks for
integrated gate bipolar transistor (IGBT) power
modules used in hybrid vehicles.

Table VII. Characteristics and Status of Electronic Applications
Application

Mo Product

Elevated-temperature
Mechanical Properties

Chemical
Properties

Physical
Properties

Alternative
Materials

Traditional applications
Semiconductors:
Power
semiconductors ■ Mo
semiconductor
base plates
■ Multilayer
ceramic board ■ Mo glass
diode pins
manufacturing

Multilater boards
Controlled
etchability

■

■

Device
manufacturing

Multilayer boards:
■ Fine powders
■

■

None identified

Sheet masks
for circuit
application

Device
manufacturing:
■ Corrosion
resistance
against
dopant
chemicals

Device
manufacturing:
■ Ion implanter
parts

Mo powder demand: ~400 mt/yr

Semiconductors:
CTE

■
■

Thermal and
electrical
conductivity

■

Resistance to
erosion from
metal powderfilled inks

■

Strength and
stiffness

■

Flatness control
of sheet

Power semiconductors:
■ AlSiC

Multilayer boards:
■ Glass ceramic
boards
employing
Multilayer boards:
alternate ink
■ Powder
formulations
sintering
properties
matching
alumina
substrates

Market status: stable

Emerging applications
■

■

Radio
frequency,
server, and
processor
chips
IGBTs for
hybrid cars

■

Cu-Mo-Cu

■

CTE

■
■

■

MoCu

■

Cu-MoCu-Cu

None identified

Mo powder demand: ~350 mt/y

None identified

■

Thermal and
electrical
conductivity

■
■
■

Cu
Al
AlSiC
AlN
Others

Market status: rapidly growing

Table VII summarizes molybdenum usage
in electronic applications. The traditional
applications use more or less material in concert
with the general world economy, and particularly
in relation to capital-intensive investments.
The emerging applications show rapid growth in
material consumption, and are likely to surpass
the traditional applications.

Figure 12.
Traditional molybdenum coating applications. Clockwise from lower left:
coating a shaft for wear resistance, molybdenum-coated synchronizer rings,
molybdenum wire for flame spray coating.
Courtesy of PLANSEE Metall.
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Coatings
Figures 12 and 13 illustrate traditional
coating applications. Flame spraying has been used
for years to improve the wear and friction properties
of automotive components like gears, synchronizers,
and piston rings. Recently, engineered molybdenum
powders have taken a more prominent role in these
applications, using plasma spray technology. The
powders are often alloyed with nickel and chromium
to produce highly corrosion resistant coatings.
The compositional flexibility and improved
performance has allowed molybdenum thermal
spray powders to gain the lion’s share of the
traditional coating market. Even so, this traditional
market is not growing, but stable.
Figure 13.
Thermal spray coating with powders. Clockwise from upper left: engineered powder
for plasma spray applications, plasma spray torch, aircraft engine employing plasma
spray coatings.
Courtesy of H.C. Starck, Inc.

Figures 14 and 15 illustrate coating
applications that are growing steadily, after several
years of very rapid growth. They are in the

Table VIII. Characteristics and Status of Coating Applications
Application

Mo Product

Elevated-temperature
Mechanical Properties

Chemical
Properties

Physical
Properties

Alternative
Materials

Traditional applications
■

■

Flame
spraying of
wear parts

■

Mo spray wire

■

Mo and Mo
alloy powder
blends

Plasma
spraying of
wear parts

■

High yield strength
contributes to good
wear properties

■

Corrosion
resistance
against oils

■

Low friction

■

Carbon

■

Good wear
resistance

■

Brass

■

CrN (piston
rings)

Mo powder demand: ~500mt/y Market status: stable
Emerging applications
■

12

PVD coating
of TFT-LCD
and
solar panels

■

Mo and Mo
alloy sputtering
targets
None identified

Mo powder demand: ~2000 mt/y

■

Good adhesion
to glass

■

Good electrical
conductivity

■

Cu and Al
alloys

■

Good etching
behavior

■

No diffusion of
Mo into Al, Cu
and glass

■

Ti

Compatibility
with processing
environments

■

Cr

■

■

Organic
materials
with spin
coating

Market status: steadily growing

solid-state electronics area, where sputtered
molybdenum coatings are used in the production of
solar cells and thin film transister flat panel
displays (TFT-FPDs). Molybdenum bonds well to
glass, matches the thermal expansion of the glass
or silicon substrate well, forms a stable diffusion
barrier, and is compatible with processing
environments used during device manufacturing.
Figure 14 shows the growth in glass
substrate sizes for flat panel display manufacturing
over the past several years. The nested blue
squares illustrate the glass panel sizes that are
coated using various generations of the technology
(each glass panel yields multiple FPD glasses).
Early in development of FPD manufacturing
processes, molybdenum targets were sized to equal
the glass substrate being coated. This required
manufacturers to find ways to roll larger and larger
plates. The largest molybdenum targets made were
the Generation 5 targets. At this point in the
process evolution, equipment designers realized
they would soon exceed the ability of mills to roll
individual molybdenum targets. Succeeding
generations continued to coat larger and larger
glass panels, but sputtering is now accomplished
with an array of narrow and long molybdenum
targets, each with its own magnetron. An example
of such a target array is also shown in
Figure 14. Molybdenum tubular targets are
also available. Figure 15 shows examples of
both flat targets and cylindrical targets.
Table VIII summarizes traditional and
emerging coating applications. While wire and
powder demand for traditional thermal spray
applications is stable, the amount of molybdenum
required for emerging applications in the sputtering
target market continues to increase at a steady
rate, after several years of rapid growth. Here
success depends upon molybdenum’s physical and
chemical properties, not on its high-temperature
strength and creep resistance, properties that have
been responsible for molybdenum’s success in its
traditional applications.

Gen 8

???
Gen 7

2200x 2700

Gen 6

1800 x 2300

1431 x 1700 x10

Gen 5

Gen 4
880 x 980 x10

Gen 3
500x 500 x 6

Figure 14.
Emerging coating applications in flat panel display (FPD) technology. Clockwise from top
left: Modern wall-mounted FPD, Gen 6/7 target array, schematic of relative production
glass sizes as a function of process generation (dimensions in mm), mounted Gen 5 target.
Courtesy of PLANSEE Metall.

Figure 15.
Targets can be manufactured as flat panels bonded to copper substrates
(right top, bottom), or as tubular targets (left). Courtesy of PLANSEE Metall.
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Summary

Table IX. Application Characteristics and
Estimated 2005 Powder Demand
Application

Table IX summarizes characteristics of
traditional and emerging applications, and
presents estimates of the molybdenum
powder required to serve each application
type in 2005. There is a shift in the
properties that drive molybdenum’s use in
emerging markets. Elevated temperature
strength and creep resistance have been key
in traditional applications, but emerging
applications take advantage of
molybdenum’s unique combination of
physical properties (coefficient of thermal
expansion, thermal conductivity, electrical
conductivity) and chemical properties
(compatibility with the application
environment). This change brings with it
more competition. Elevated temperature
mechanical properties are directly correlated
with melting temperature, limiting the
number of potential competitive materials.
Physical properties do not necessarily
correlate with melting temperature, and
this allows a wider spectrum of competitve
materials. In fact, creative materials system
design with composite materials can readily
create new materials systems capable of
competing with molybdenum and in some
cases exceeding molybdenum’s performance in
emerging applications.
Emerging applications are also concentrated in
markets like consumer electronics that are
extremely price sensitive. Cheaper alternative
solutions are constantly being evaluated in these
applications, and materials substitution is
commonplace. Molybdenum has always been a
target for substitution because of its cost.
It is not used unless it confers a clear performance
advantage or an overall cost benefit.
Molybdenum has not previously faced the breadth
of potential competition that it now faces in
emerging applications. There are reasons for
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Elevated-temperature
Mechanical Properties

Chemical
Properties

Physical
Properties

Alternative
Materials

Very important

Less important

Important

Limited

Traditional:
Stable or slowly
growing markets

Emerging:
Steadily growing
markets

Lighting
Glass/Furnace
Material forming
Medical
Electronics
Coating
Other
Total

Molybdenum powder demand, mt:
1300
700
100
350
400
500
3000
6350

Elevated-temperature
Mechanical Properties

Chemical
Properties

Physical
Properties

Alternative
Materials

Unimportant

Very important

Very Important

Many

Lighting
Material forming
Electronics
Coating
Total

Molybdenum powder demand, mt:
100
100
350
2000
2550

optimism, as well as caution regarding the growth
of molybdenum applications, as noted in the
following points:

Emerging applications are mainly in the
price-sensitive electronics and automobile industry
(caution); and

Traditional applications are mainly based
on molybdenum’s unique mechanical properties at
elevated temperatures, with very few material
alternatives (optimism);

Averaged over all products, raw material
costs account for 60 % or more of total production
costs, and are the main cost driver (caution).

Demand for traditional applications is
stable or shrinking (caution);
Material requirements for emerging
applications are already one third of those for
traditional applications and have potential
for strong growth (optimism);
Emerging applications are mainly based on
molybdenum’s chemical and physical properties
with many competing materials whose prices are
lower and less volatile (caution);

The stable or declining nature of traditional
applications means that new applications based on
molybdenum’s unique suite of mechanical,
physical, and chemical properties are critical to the
health of the molybdenum metal industry.
Molybdenum technologists have established an
enviable record of new product generation over the
years, and there is every reason to expect them to
continue to identify new opportunities for growth.
However, to be successful in emerging markets
where cost is constantly under pressure, reasonable
and stable raw material prices are requirements.

Membership

REACH ….
Molybdenum Consortium
formed by IMOA ….
Member companies and
non-members invited to
join.

Welcome to:

Commercial Metals Co, a US company involved in
marketing, distribution and project investment on moly
related products
Dala Mining LLC, a private company incorporated
in the Republic of Kazakhstan, working on the
development of the Koktenkol molybdenum project
Glencore International AG, a Swiss company trading
Ferro Molybdenum and Molybdenum Oxide

See IMOA website for details
(in English and Chinese)

Haldor Topsoe A/S, a Danish consumer of
molybdenum compounds used in manufacturing of
catalysts, and a supplier of technology for sulphuric acid
recovery from molybdenum sulphide and other metal
sulphide roaster off-gasses

Stainless Steel World Conference

Joe H Smith Co Ltd, a long-term distributor in
Southern USA for a major US producer

As an official "Supporter" of these
conferences which are organised every two
years by "Stainless Steel World", IMOA draws
the attention of readers to the 2007 event
which will be held from 6-8 November in
Maastricht. For further information, visit
their website - www.stainless-steel-world.net,
or contact them by email
ssw2007.conf@kci-world.com
or Fax No: +31 575 511099

Oriental Minerals Inc, a Canadian-based
exploration and mine development company, with a
diverse portfolio of precious and base metals projects in
South Korea. The Company's current projects include
the Sangdong tungsten-molybdenum mine, historically
one of the largest past producing tungsten mines in the
world

LIST of MEMBERS

R

INTERNATIONAL MOLYBDENUM ASSOCIATION

Secretary-General: Michael Maby Technical Director: Nicole Kinsman
HSE Management Team: Sandra Carey and Wieslaw Piatkiewicz

AUSTRALIA

BELGIUM

Moly Mines Ltd
46-50 Kings Park Road, West Perth,
WA 6005, AUSTRALIA
Tel: +61 8 9429 3300;
Fax: +61 8 9429 3399
Email: info@molymines.com
Website: www.molymines.com

Sadaci NV
Langerbruggekaai 13, B-9000 Gent, BELGIUM.
Tel: +32 92 540 511; Fax: +32 92 540 571
Email: daisy.sergeant@sadaci.be
Website: www.sadaci.be

AUSTRIA

Oriental Minerals Inc
24th Floor, 1111 West Georgia Street, Vancouver,
BC, V6E 4M3, CANADA
Tel: +1 604 681 5755; Fax: +1 604 684 2990
Email: info@orientalminerals.com
Website: www.orientalminerals.com

Interalloys Trading & Business Consulting
GmbH
Floragasse 7, A-1040 Vienna, AUSTRIA
Tel: +43 1 504 6138; Fax: +43 1 504 6192
Email: interal@ycn.com

CANADA

CHILE
Plansee SE
6600 Reutte, AUSTRIA
Tel: +43 5672 6000; Fax: +43 5672 600 500
Email: info@plansee.com
Website: www.plansee.com
Treibacher Industrie AG
Auer-von-Welsbach, Strasse 1
9330 Althofen, AUSTRIA
Tel: +43 4262 505; Fax: +43 4262 505 8416
Email: ferdinand.kampl@treibacher.com
Website: www.treibacher.com

Codelco Chile
Huerfanos 1270, Santiago, CHILE
Tel: +56 2 690 3406; Fax: +56 2 690 3366
Email: vperez@codelco.cl
Website: www.codelco.cl
Estudios Antofagasta Copper Ltda
Ahumada 11, Oficina 613, Santiago, CHILE
Tel: +56 2 377 5000; Fax: +56 2 377 5096
Email: gsanchez@aminerals.cl
Website: www.antofagasta.co.uk

Molibdenos y Metales SA
Huerfanos 812, 6th Floor, Santiago, CHILE
Tel: +56 2 368 3600; Fax: +56 2 368 3653
Email: info@molymet.cl
Website: www.molymet.cl
CHINA
Chaoyang Jinda Molybdenum Co Ltd
No 788 Section 4, Longshan Street, Chaoyang,
Liaoning, 122000, CHINA
Tel:+86 421 297 6888;
Fax:+86 421 297 6666
Email: jindamolybdenum@163.com
Website: www.jindamoly.com
Grand Build Metal International Co Ltd
1002B East Ocean Centre, 98 Granville Road,
Kowloon, Hong Kong, CHINA
Tel: +852 3542 5659;
Fax: +852 3542 5655
Email: grandbuild@grandbuild.com.hk
Huludao Hongda Moly Co Ltd
No 16-13-14-15 South Bohai Street,
Lianshan District, Huludao,
Liaoning 125001, CHINA
Tel:+86 429 858 6666; Fax:+86 429 213 9888
Email: dreamliang@263.net
Website: www.hongdamoly.com

Jiangsu Fengfeng Tungsten and
Molybdenum Materials Co Ltd
Tang Jia Se,
The Northern Suburbs of Dongtai,
Jiangsu 224200, CHINA
Tel:+86 515 527 3311;
Fax:+86 515 527 1237
Email: djppaa@126.com
Website: www.fengfeng.com.cn
Jinduicheng Molybdenum
Group Co Ltd
17th Floor, Jie Rui Mansion,
No 5 West section of the second South Ring Road,
Xian, Shaanxi 710068, CHINA
Tel:+86 29 8837 8676;
Fax:+86 29 8837 8771
Email: jck@jdcmmc.com
Website: www.jdcmmc.com
Luoyang Luanchuan Molybdenum
Group Co Ltd
374 Junshan West Road,
Luanchuan County, Luoyang,
Henan 471500, CHINA
Tel:+86 379 66819855;
Fax:+86 379 66819854
Email: wenhuiw@126.com
Website: www.clcmo.com
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LIST of MEMBERS continued
DENMARK

JAPAN

SWEDEN

Haldor Topsoe A/S
Nymoellevej 55, DK-2800 Lyngby, DENMARK
Tel: +45 4527 2000; Fax: +45 4527 2999
Email: catalyst@topsoe.dk
Website : www.topsoe.com

Kohsei Co Ltd
Kohsei Building, 2-11 Kobunacho Nihonbashi
Chuo-ku, 103-0024 Tokyo, JAPAN
Tel: +81 3 5652 0901;
Fax: +81 3 5652 0905
Email: itibu@kohsei.co.jp
Website: www.kohsei.co.jp

AB Ferrolegeringar
PO Box 71 63, Sveavägen 9, 103 88 Stockholm,
SWEDEN
Tel: +46 8 454 6560; Fax: +46 8 796 0636
Email: info@ferrolegeringar.se
Website: www.ferrolegeringar.se

FRANCE
Ampere Alloys
12 Mail Joliot Curie,
Saint Ouen L’Aumone (95), 95310 FRANCE
Tel: +33 1 34 32 4007; Fax: +33 1 30 37 0584
Email: f.celerier@amperealloys.com
Arcelor Mittal Purchasing
5 Rue Luigi Cherubini
93212 La Plaine Saint-Denis Cedex, FRANCE
Tel: +32 2 533 3613; Fax: +32 2 533 3601
Email: carl.landuydt@purchasing.arcelor.com
Website: www.arcelor.com
Molycorp Inc
129 rue Servient, 69003 Lyon, FRANCE
Tel: +33 4 7863 7936; Fax: +1 281 276 9317
Email: gdebeco@molycorp.com
http://www.molycorp.com
GERMANY
CM ChemieMetall GmbH Bitterfeld
ChemiePark Bitterfeld-Wolfen, Areal E,
Niels-Bohr-Straße 5, D-06749 Bitterfeld, GERMANY
Tel:+49 3493 604 000; Fax:+49 3493 604 001
Email: info@chemiemetall.de
Website: www.chemiemetall.de
GfM Fesil GmbH
Schifferstrasse 200, D-47059 Duisburg, GERMANY
Tel:+49 203 300 070; Fax:+49 203 3000 7110
Email: info@gfm-fesil.de
Website: www.gfm-fesil.de

Mitsubishi Corp
16-3 Konan 2-chome, Minato-ku,
Tokyo 108-8228, JAPAN
Tel: +81 3 6405 3273;
Fax: +81 3 64058871
Email: yuji.fukumoto@mitsubishicorp.com
Website: www.mitsubishicorp.com
Sojitz Corp
Ferroalloys Section 1
Iron Ore and Ferroalloys Dept
1-20 Akasaka 6-chome, Minato-ku,
Tokyo 107-8655, JAPAN
Tel: +81 3 5520 3529;
Fax: +81 3 5520 3517
Email: matsumura.hiroshi@sojitz.com
Website: www.sojitz.com

UK

Dala Mining LLC
050043, Koshek Batyr, 5, Almaty,
KAZAKHSTAN
Tel: +7 327 226 6820; Fax: +7 327 226 6823
Email: info@dalamining.kz

Adams Metals Ltd
1 Milkhouse Gate, Guildford, Surrey, GU1 3EZ, UK
Tel:+44 1483 577 900; Fax:+44 1483 578 008
Toll Free: +1 800 473 8427;
Fax: +1 800 473 8428
Email: info@adamsmetals.com
Website: www.adamsmetals.com

LUXEMBOURG

Mexicana de Cobre SA de CV
Av Baja California 200, Col. Roma Sur
06760 Mexico DF, MEXICO
Tel:+52 555 264 7775;
Fax:+52 555 264 7769
Email: archibaldo.deneken@mm.gmexico.com
Website: www.gmexico.com

Pars Molybden Co
No 46 Bahar Alley, South Shiraz St
Molla Sadra Ave, 14358 Tehran, IRAN
Tel: +98 21 806 3917; Fax: +98 21 806 1476
Email: info@parsmolybden.com
ISRAEL
Commodity Resources Inc
Dor Dor V’Dorshav 4, Jerusalem 93117, ISRAEL
Tel: +972 2 561 0658; Fax: +972 2 561 0660
Email: jdm@attglobal.net
Metal-Tech Ltd
Ramat Hovav, PO Box 2412,
Beer-Sheva 84874, ISRAEL
Tel: +972 8 657 2333; Fax: +972 8 657 2334
Email: general@metal-tech.co.il
Website: www.metal-tech.co.il

Cronimet Suisse AG
Allmendstrasse 11, CH-6312 Steinhausen,
SWITZERLAND
Tel: +41 41 748 5040; Fax: +41 41 748 4201
Email: tendoornkatt.fritz@cronimet.ch

KAZAKHSTAN

FW Hempel Metallurgical GmbH
Leopoldstr. 16, D-40211 Düsseldorf, GERMANY
Tel: +49 211 168 060; Fax: +49 211 168 0648
Email: info@metallurgical.de
Website: www.metallurgical.de

IRAN

SWITZERLAND

Glencore International AG
Baarermattstrasse 3, CH-6341 Baar, SWITZERLAND
Tel:+41 41 709 2000; Fax:+41 41 709 3000
Email: info@glencore.com
Website: www.glencore.com

Traxys Europe SA
3 rue Pletzer, Centre Helfent, L-8080 Bertrange,
LUXEMBOURG
Tel: +352 45 99 991; Fax: +352 45 999 9223
Email: heinz.duechting@traxys.com

HC Starck GmbH
Im Schleeke 78 - 91,
D-38642 Goslar, GERMANY
Tel: +49 5321 7510; Fax: +49 5321 751 6192
Email: info@hcstarck.com
Website: www.hcstarck.com

Scandinavian Steel AB
Birger Jarlsgatan 15, SE 111 45 Stockholm,
SWEDEN
Tel: +46 8 614 2850; Fax: +46 8 611 6434
Email: metals@scandinaviansteel.se

Taiyo Koko Co Ltd
3-1, 3-chome Marunouchi, Chiyoda-ku,
Tokyo 100-0005, JAPAN
Tel: +81 3 3216 6041; Fax: +81 3 3216 6045
Email: trade@taiyokoko.co.jp

Grondmet Metall-und Rohstoffvertriebs
GmbH
Luegallee 55, 40545 Düsseldorf Oberkassel,
GERMANY
Tel: +49 211 577 250; Fax: +49 211 577 2555
Email: info@grondmet.de
Website: www.grondmet.de

Metherma GmbH
Arnheimer Str. 103
D-40489 Düsseldorf, GERMANY
Tel:+49 211 40 80 840; Fax:+49 211 40 71 26
Email: molybdenum@metherma.de

Outokumpu Stainless AB
PO Box 74, S-774 22 Avesta, SWEDEN
Tel: +46 226 810 00; Fax: +46 226 813 05
Email: info.stainless@outokumpu.com

MEXICO

Molymex SA de CV
Tehuantepec No 90 Col. Centenario,
Hermosillo, Sonora 83260, MEXICO
Tel:+52 662 289 3640;
Fax:+52 662 289 3650
Email: administracion@molymex.com.mx
Website: www.molymex.com.mx
PERU
Southern Copper Corporation
Av Caminos del Inca 171
Chacarilla del Estanque, Surco, Lima 33, PERU
Tel: +51 1 512 0440; Fax: +51 1 217 1351
Email: jdlheros@southernperu.com.pe
Website: www.southernperu.com
RUSSIA
Baltic Enterprise Ltd
40, The 17th Line, VO, Saint-Petersburg,
199178, RUSSIA
Tel: +7 812 325 8688;
Fax: +7 812 325 8687
Email: bm@soli.ru
Website: www.soli.ru
JSC Polema Corp
Przhevalskogo Str 3, Tula, 300016, RUSSIA
Tel: +7 095 633 1177; Fax: +7 095 633 1527
Email: polema@metholding.com
Website: www.polema.ru

Alfred H Knight International Ltd
Eccleston Grange, Prescot Road, St Helens,
Merseyside WA10 3BQ, UK
Tel: +44 1744 733757; Fax: +44 1744 27062
Email: enquiries@ahkgroup.com
Website: www.ahkgroup.com
Derek Raphael & Co Ltd
8-10 Castle Street, Cirencester,
Gloucestershire GL7 1QA, UK
Tel:+44 1285 885 821; Fax:+44 20 7504 8483
Email: araphael@derek-raphael.co.uk
Website: www.derek-raphael.co.uk

Bear Metallurgical Co
679 East Butler Road, Butler, PA 16002, USA
Tel: +1 724 283 6800;
Fax: +1 724 283 6078
Email: mike.bourgeois@bearmet.com
The Chem-Met Co
P O Box 819, Clinton, MD 20735-0819, USA
Tel: +1 301 868 3355;
Fax: +1 301 868 8946
Email: afox@chem-metco.com
Climax Molybdenum Co
One North Central, Phoenix, AZ 85004, USA
Tel: +1 602 366 8100;
Fax: +1 602 366 7329
Email: climax@phelpsdodge.com
Website: www.climaxmolybdenum.com
Commercial Metals Co
2050 Center Avenue, Suite 250, Fort Lee, NJ
07647, USA
Tel: +1 201 302 0888;
Fax: +1 201 302 9911
Email: jz@cmc.com
Website: www.cmc.com
Comsup Commodities Inc
2200 Fletcher Avenue, 7th Floor, Fort Lee, NJ
07024, USA
Tel: +1 201 947 9400;
Fax: +1 201 461 7577
Email: comsup@comsupinc.com
CRI/Criterion Inc
Two Greenspoint Plaza, Suite 1000,
16825 Northchase Drive, Houston, TX 77060,
USA
Tel: +1 281 874 2661; Fax: +1 281 874 2580
Email: ken.darmer@cri-criterion.com
Gulf Chemical & Metallurgical Corp
PO Box 2290, Freeport, Texas 77542-2290, USA
Tel: +1 979 233 7882; Fax: +1 979 233 7171
Email: kevin.jones@gulfchem.com
Kennecott Molybdenum Co
8315 West 3595 South,
PO Box 6001, Magna,
Utah 84044-6001, USA
Tel: +1 801 252 3000; Fax: +1 801 252 3292
Email: cowleyj@kennecott.com
Osram Sylvania Products Inc
Hawes Street, Towanda, PA 18848, USA
Tel: +1 570 268 5000; Fax: +1 570 268 5113
Email: susan.dunn@sylvania.com
Website: www.sylvania.com

Alex Stewart (Assayers) Ltd
Caddick Road, Knowsley Industrial Estate,
Merseyside L34 9ER, UK
Tel:+44 151 548 7777; Fax:+44 151 548 0714
Email: enquiries@alexstewart.com
Website: www.alexstewart.com

Powmet Inc
PO Box 5086, 2625 Sewell Street, Rockford,
IL 61125, USA
Tel: +1 815 398 6900; Fax: +1 815 398 6907
Email: wct@powmet.com

Wogen Resources Ltd
4 The Sanctuary, Westminster, London,
SW1P 3JS, UK
Tel:+44 20 7222 2171; Fax:+44 20 7222 5862
Email: Allan.kerr@wogen.com
Website: www.wogen.com

Shangxiang Minmetals Inc
150 N Santa Anita Avenue, Suite 500, Arcadia,
CA 91006, USA
Tel:+1 626 445 8946;
Fax:+1 626 445 6943
Email: georgesong@emetalmarket.com

Wyseway (UK) Ltd
Power Road Studios, 114 Power Road,
Chiswick, London W4 5PY, UK
Tel:+44 20 8742 3420; Fax:+44 20 8742 3421
Email: mail@wyseway.co.uk

Sheng Tong Enterprises (USA) Corp
17870 Castleton Street, Suite 240,
City of Industry, CA 91748, USA
Tel:+1 626 581 7105;
Fax:+1 626 581 7195
Email: jiweijia@risingst.com
Website: www.risingst.com

USA
Albemarle Corp
451 Florida Street, Baton Rouge, LA 70801, USA
Tel: +1 225 388 8042; Fax: +1225 388 7686
Email: chris_knight@albemarle.com
Website: www.albemarle.com
Barex Resources Inc
105B Van Houten Avenue, Passaic Park,
NJ 07055-5518, USA
Tel: +1 973 778 6470;
Fax: +1 413 460 7930
Email: nrs@barexresources.com

Joe H Smith Co Ltd
PO Box 837, Cypress , TX 77410 , USA
Tel: +1 281 469 7110, Fax: +1 281 890 6541
Email: khsmith@sbcglobal.net
Thompson Creek Metals Co
945 West Kenyon Avenue, Englewood
CO 80110-3469, USA
Tel: +1 303 761 8801;
Fax: +1 303 761 7420
Email: margol@tcrk.com
Website: www.thompsoncreekmetals.com

