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~ Attorney Docket No. 83346

MOLYBDENUM-COPPER COMPOSITE MATERIAL

STATEMENT OF GOVERNMENT INTEREST

The invention descriﬁed herein may be manufactured and used

by or for the Governmént of the United States of America for
governmental purposes without the payment of any royalties

thereon or therefore.

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

This‘patent application is co-pending with one related

281 0€10700¢

patent appliéation entitled STAINLESS STEEL-COPPER COMPOSITE
MATERIAL (Attorney Docket No. 83344), by the same inventor as - D,

this application.

BACKGROUND OF THE INVENTION
(1) Field of the Invention
The present invention relates to a moledenum—copper
composite_material which may bg used to manufacture parts and
tools requiring wérking tempefatureé up tO'}}OOO degrees
Centigrade and to a method of makiﬁg the éomposite matérial to a

desired form using either cold pressing or selective laser

. sintering.
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(2) Description of‘the’Prior Art

Sinterea copper alloys are khéwn in the éit. For example,
U.S..Patent No.v4,935,056 to Miyasaka illustrates a wear-
resistant copper-base sintered oil containing bearing material
having a structure which contains 2 to 11% by weight of tin and
1 to 20% by weight of cobalt andlfurther includes 2 to 15% by
weight of at least one of molybdenum diéulfide, graphite and
lead serving as soiid lubridaﬁts. Dispersed throughout the
structure is cobalt at an average particle size équal to or less
than 20 microns.

"U.S. Patent No. 5,824;922 to Aonuma illustrates a wear-

resistant sintered alloy having a generalAcomposition consisting

"essentially of in weight ratio 0.736 to 9.65% nickel, 0.736 to

2.895% copper, 0.294 to 0.965% molybdenum, 0.12 to 6.25%
chromium, and 0.508 to 2.0%—carboﬁ with the balance being iron,
and inevitable impurities. The alloy has a metallic structure
in which there are dispersed (1) a martensite, (2) a bainite
having a nucleus of sorbite and/or upper bainite surrounding
said nucleus, (3) an austenite ha#ing a high ﬁickel

concentration, and (4) a hard phase surrounding with a ferrite

having a high chromium céncehttation and composed mainly of a

chromium carbide.
U.S. Patent No. 5,870,663 to Stucker et al. illustrates a

wear-resistant Zirconium-DiBoride (ZrB;) -Copper Alloy composite
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electrode. Wheréin the first_furﬁace cycle produces-a'sintered
shaped form which ié about 30 Qol;% to about 70 voi;% occupiéd
by sintefed ZrBz. Wherein the first furnaéé cycle comprises
heating the desired form room temperature to about 1,300 decrees
C to about 1,900 degrees C. Wherein the sintered ZrB, is then
contacted with a copper alloy comprised of up to about 3 wt.%
boron and up to about 10 wt.% nickel. Wherein a second furnace
cycles is used to heat the sintered ZrB, and copper alloy above

the melting point of the copper alloy to infiltrate the ZrBzwith

\

- copper alloy to form a ZrB,/copper alloy composite electrode.

Despite the existence of these materials, there exists a
need for a material that offers the abiiity to create tools and
prototype parts requiring working temperatures up to 1000

degreeS'Centigrade,

SUMMARY OF THE INVENTION
Accordingly, it is an object of the present invention to
provide a composite material that offers the ability to create
tools and prototype parﬁs requiring working températures up to
1000 degrees Centigrade. |
It‘ié a further object of the present invention to provide
a composite materialbas.abbve which;has a low coefficienf of

thermal expansion.
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It is still aAfurthef:obﬁect of the pr@sent invention to-
proVide a methéd for manﬁfacturing the above composite matérial.

The foregoing objgcts are attained by the composite |
material and method of the preéent invention.

In accordance with the present invention, a composite
material is provided which has a molybdenum particulate and an
oxygen free.copper matrix.' The molybdénum is preferably present
in an amount of 35 - 65 vol® with the balance being of oxygen .
free cbpper. 

Also;‘in accordance with the present invention, a method
for manufacturing a molybdenum-copper composite material broadly
cémprises forming a mixture of molybdenum,,phéndli¢, ana wax,
forming the mixture into a green form using either a selective
laser:sintering process or a cold pressing process, placing the
greén form and oxygen ffee‘copper intolfhe furnace adjacentvto
the green form, and subjecting the green form and the oxygen
free copper to a furnace cycle. During the furnace cycle the
wax and phenolic thermoset resin is vaporized and the molybdenum
is sintered. 'Additionally,vthe sintered molybdenum substrate,
which is contacted with copper, is heated above the melting
pdint of the copper which causes the c¢p§ér to infiltrate the
molybdeﬁum substrate, formingbthe molybdenum-copper coﬁpbsite

part.
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Other detailsiof the molybdenum-copper composite'material,

vas'well as othe:fobjecte and advantages attendant thereto, are

set forth in the following detailed description.

;DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

The molybdenum-copper composite material is a particulate
composite created from melybdenum, phenolic, wex,'and‘oxygen
free copper. The materiallis manufactured using an indirect
selective laser sintering (SLS) process, where a
molybdenum/phenolic/wax powder mixture is initially sintered
into a green form.' Upon completion of sinterihg, the green fotm
is placed through.a.furnace cycle for de-binding and
infiltration of the oxygen free copper;

Molybdenum is - a hard,~me11eeble,‘ducti;e,vhigh*melting,
silver white metal with.a'body—centered’cubic crystalline.
structure. It is a metallie element which is most frequently
used as an alloying addition in alloy and stainless steels. Its
alloying versatility is unmatched because its addition enhances
strength, hardenability, weldability, toughness, elevated

temperature strength and corrosion resistance. Alloys

~conta1n1ng molybdenum are used 1n making hlgh speed cutting

tools, aircraft parts, and forged automoblle parts. Because it
retains its strength and structure at very high temperatures, it

has found use in certain critical rocket and missile parts.
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Molybdenum is not'attacked by air at ordinary temperature, but
at -elevated temperatures;'it oxidizes to form molybdenum oxide.
Molybdenum melts at about 2617 degrees Centigrade;

The desired material propertiés of molybdenum is as

follows:
Property : Molybdenum

Density (g/cm’) _ 10.22
Tensile Yield Strength (MPa) - ' 550
Gifimate Tonsile Sweng (MP3) — . 650
Modulus of Elasticity (GPa) _ 3248
Hardness (Vickers, Gpa) ' 200
Coefficient of Thermal Expansion (m/m/°C) 5.04E-6

| Thermal Conductiyity (W/mK) . o 146

| 'Melting point (°C) — | , 2,614

 Pheno1ic‘ié'a thermosét'synthetié resin generéily employéd'
és a molding material for the making of mechanical and
electrical parts. There are hundreds of different phenolic
molding compounds and iﬁ general they have a balance of
moderately good mechanical and electrical properties and are
general;y suitable in temperatures up to 160 degrees Centigrade.
The resinsg are maﬁketed usually in a'granﬁlar fofm, partly
polyﬁerized for”molding under heat andbpressufe which completes
the polymerization process, making the product infusible and

relatively insoluble.
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The desired material properties of

resin is as follows:

the-phenolic_thermoset

Property Phenolic
Density (g/cm’) L1-13
Tensile Yield Strength (MPa) ‘52.0
Ultimate Tensile Strength (MPa) 60.0
Ultimate Compressive Strength (MPa) 140.0
Modulus of Elasticity (GPa) 6.0

Hardness 130.0, Rockwell M
| Coefficient of Thermal Expansion (m/m/°C) 77.0E-6
Thermal Conductivity (W/mK) 0.2
Electrical Resistivity (Ohm-cm) 5.0E11
Melting poin_t (°C) _ ' —
Maximum Service T er;iperahue (°O) - C o 160

;O#§gen¥free high”condﬁéti&if& cépper'(CiOiOO)_ié‘préduEed
by the direct conversion of selected refined cathodes and
castings under carefully controlled conditions to prevent any
contamination of the pure oxygen-free metal during processing.
The method of prdducing oxygen-£free high conductivity copper

insures extra high grade of metal with a copper content of 99.9%

by weight. With so small a content of extraneous elements, the

inherent'préperties of elemental copper are brought forth to a

high degree. Characteristics are high ductility, highA

electrical and thermal conductivity, high impact strength, good

creep resisténce, ease of welding, and low volatility under high

8
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vacuum. Some typical uses for copper alloy C10100 in the

electrical and electronic industries are bus bars, bus

conductors, wave guides, hollow conductors, lead-in wires and

anodes for vacuum tubes, glass to metal
The desired material properties of

is as follows:

seals and others.

.the oxygen free copper

_ Property O, Free Cu

Density (g/cm’) 896

Tensile Yield Sirength (MPa) 333

Ultimate Tensile Strength (MPa) 210

Modulus of Elasticity (GPa) 110

Hardness (Vickers, Gpa) 49
Coefficient of 'I_’her';ml Expansion (m/m/°C) | - 17.64E-6

Thermal Conductivity (W/mK) l . 346 .

‘[ Miclting poimt (°C) . 1,083

To form the composite material of the present invention, a

mixture of molybdenum, phenolic, and wax is formed.

The mixture

may be shaped into the form of a part or component to be

produced. The mixing of molybdenum pafticles with wax and

that the particles are evenly dispersed

molybdenum, wax, and phenolic thermoset

phenolic thermoset resin particles should be done in a way such
. The preferred

‘resin particle size for

the selective laser sintering shaping method should be between

10 microns and 145 microns, with an average particle size of

between 20 microns and 45 microns. This is because the powder

9 .
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in the selectlve laser sintering machlne is moved by a counter—
rotating roller, and thlS method of powder transfer does not
work well for finer powders.

| In mixing the particles, the recommended molybdenum, wax,
and phenolic thermoset resin mixture is 3% phenolic thermoset.
resin particles, 2.5% wax particles, balance molybdenum
particles, by weight. The proper ratio of wax, phenolic
thermoset resin particles, and molybdenum particles has an
effect on shrinkage.during selectiveblaser sintering of the
particle mixturelto “tack” together the molybdenum particles and
during sintering of the desired form which vaporizes the wax and
phenolic thermoset resin and sinters the molybdenum particles.

Where mass production of simple shaped parts is desired,

' “wcold pressing” the mixture of molybdenum particles, wax

particles, and phenolic thermoset resin particles is the
preferred method of shaping a desired form.

A version of “rapid prototyping” is preferred where the
part to be manufactured is of complex or varying topography or
where limited numbers of parts are to he‘manufactured. “Rapid
prototyping"Ais a known technology to facilitate rapid product
development.h‘The.version of rapidnprototyping as disclosed
herein is suitable for processing or ehaping a mixture of

molybdenum particles, wax particles, and phenolic thermoset

10
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 resin particles into a desired form. This is particularly

advantageous for complex or varying topographies.

In rapid prototyping, a 3-D model produced on a computer-

aided design (CAD) system is mathematically divided into a large

number of thin layers, a few thousandths of an inch thick. The

different processes for rapid prototyping generally work on the
same basis'prihciple, i.e.( the desi;ed part is built up in
small layers, about 0.003” thick to about 0.005” thick, one
layer at a time, starting from the bottom and working up until
the entire part is finished. Thus, the layers are built, and
simultanéously consolidated to the preéeding layer, using the
descriptioﬁ of that layer from‘the computer.

The preferred rapid proﬁotyping technique is “seiective
laser sintering"v(“SLS”).‘ SLS uses a CO, iaser to Sintgr a
mixtﬁfe of molybdénum partiéiés, wax particles, and phenolic
thermoset resin particles by scanning in the horizontal plane
oniy as dictatedlby a current layer description in a CAD model.
The three dimensional solid is built up by the addition of
material layers. |

The SLS machine consists of hardware and software

components. The hardwarevcomponents include the probess chamber

and powder engine, the controls cabinet,_and the atmospheric
control unit. The process chamber incorporates the laser, pre-.

heater, and the powder handling equipment. The controls cabinet

11
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interpretsxthe CAD drawing aﬁd contrdls and'mo#itors the SLS»
process. The atmoéphefiCICOntrol unit regulates fhe temperature
and amount of N flowiﬁg through the air in the chamber. It aiso
fiiters the air that flbws through the.process chamber. The
softwére components utilize the UN;X operating system and other
DTM Corporation‘propfietary applications.

The CAD drawing is geometrically modified to horizontally
divide the desired form into thin horizontal iayers. Thése
1ayérs can be adjusted in thickness, but are typically about
0.003” to about 0.005” in thickness. The thin layers represent

sintering planes to be traced by the CO; laser. In operation, a

~layer of a mixture of molybdenum particles, wax~particles,>and

phenolic thermoset resin particles is spread out. When the

desired cross section of the layer is traced out by the CO;

'lasef, the temperature of the mixture of molybdenum particles,

wax particles, and phenolic thermoset resin particles is
increased, and the wax and phenolic thermoset resin particles

fuse the molybdenum particles together. The part is then

- lowered in the SLS machine by 0.003” to 0.005” (depending upon

the layer thigkness), and new layers are added in a gimilar
fashion to form the solid mass. Thq'SLS machine builds the part
one layer at a time by creating the bottom layer first, and then

adding layers until the part is finished.

12
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The mixture of molybdenum particles, wax particles, and

phenolic thermoset résin particles was laser sintered using the

DTM SINTERSTATION 2500plus machine which sinters only the wax .

and phenolic thermoset resin particles and.not the molybdenum
particles. As described below, post processing is necessary to
vaporize, sublime, or “bufn off" the wax and phenolic.thermoset
resin énd sinter the molybdenum particles. After this, the
sintered molybdenum substrate,»whichvis porous, is infiltrated
with an oxygen'free copper. This post-SLS processing generally
résuits in a small shrinkage due to the vaporization of the wax
and phenolic thermoset resin and sintering of thé molybdenum

particles. By holding the processing variable cbnstant, this

| shrinkagé may be compensated for in the CAD design of the part,

i.e., the CAD design provides for a_slighﬁly largervmolybdenum,
wéx,'ahd'phenolic shaped fotm, éuch fhat upon shrinkaée, the
molybdenum-copper composite part will be the desired size.

The CO, laser used in the SLS machinevis generally only
capable of produéing enough heat to fuse low-melting thermoset
synthetic resin such as phenolic; as such, it is these and
similar low-melting point materials, such as wax, which are used
to mix with the molybdenum paitiéles,when the SLS brocéss'is
employed. Additionally, the wax‘and phenolic thermoset resin
used must suiﬁably vaporize or sublime in the Vaporization step

prior to sintering the molybdenum particles.

13
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- The desired ﬁérameters'for SLS shaping of a mixturevof
’mdlybdenum pérticles, wax particléé,'éhd phenolic thermoset
rééin particles to the desired form are as follows:

Layer thickness: 0.003 inches

Righg énd left feed heater température: 55 degrées‘c

Part heater set point: 75 degrees C |

Laser power: 12 Watts

Scan spacing: 0.003 inches

Séan speed: 150 inches per second

After sintering or cold pressing has been.COmpleted,vthe

green form is placed on an'éluminum oxide pléte which is located
in a graphité crucible. Oxygen frge qopper_is placed on top of

tabs, which are also fdrmed from the molybdenum, phenolic, wax

mixture, that are adjacent to the green form. . The amount of

oxygen free COpper £6>bé uséd is 0;72 x green weight including
thé green form and the tabs. The oxygen free Copper ié pléced
on the tabs and the entire green form, tabs, and oxygen free
copper infiltranf material is then coﬁered with aluminum oxide
in particulate form. The crucible is then placed in a furnace
with a process gas of 5% hydrogen, balance argon, and a process
pressure of 1 Torr. The green form material and the oxygen free
cqpper are subjected to a furnace cydle. The furnace>cycleA
comprises takingithe'green form material and the oxygen.free

copper from room temperature (approximately 68 degrees

14
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Fahrenhelt) to 600 degrees Centlgrade over a perlod of 3 hours,'
holdlng at 600 degrees Centlgrade for 1 hour, heating from 600
degrees Centigrade to 1,150 degrees Centigrade over a period of
2.3'hqurs, holding at 1,150 degrees Centigrade for 0.5 hours,
then reducing the temperature from 1,150 degrees Centigrade to

room temperature over a time period of 3 hours. During this

single furnace cycle, vaporization of the wax and phenolic
binder, sintering of the molybdenum particulate, and

infiltration of the sintered molybdenum particles with oxygen

free copper are accomplished. The vaporization step may be

referred to by those skilled in the art as “burn-out”; however,
this terminology is somewhat misleading in that it is preferred
that substantially no -oxygen be present during the sintering

stepw'-Oxygen'preeent'in the sintering step may lead to reddced;f;

‘wetting in the copper infiltration step.-

Vaporization and sintering produces a sintered molybdenum

shaped form that is about 35 volume % to about 65 volume %

occupied by sintered molybdenum, i.e., about 35% to about 65%
dense. The density may advantageously be varied, within these
limits, depending upon. the desired application. The density or
poroéity»may bedaltered by verYing the size or size’distributionvv
of the molybdenum particles used, varying the size or size
distribution of eifher the wax or phenolic thermoset resin

particles used, varying the'particle mixture ratio used, and/or

15
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varying theAmanufacturing technique, etc. The density or

,pdrosity deterﬁines the molybdenum¥copper ratio and may be

optimized to meet specific objectives.
During the furnace operation the oxygen free copper is

heated above its melting point (1,083 degrees C), such that by

capillary action, the copper infiltrates into the open area of

the sintered molybdenum particles to producé the molybdenum-

copper composite in the desired form With an about 100% density.
The resulting mixture.is‘a molybdenum-copper composite With a
volume fraction of molybdenum of between 35% and 65% with the
balance oxygen free copper.

Generallyp the resulting average particle gize diameter of
the cbmposite material is 2.31 microné, the méah free bath is
1.99'micronéifand the mean center to center'particie'spacing is
4.61 micfons. | | |

The composite material of the present invention is unique
in that it offers the ability to create tools and prototype
parts requiring working temperatures up ﬁo 1000 degrees
Centigrade. The material is also advantageous because it has a

low coefficient of thermal expansion. The present invention is

also unique in that it offers properties above -and beyond-thaﬁ'

of the commercially available selective laser sintering material
systems. For example, it has a higher thermal conductivity than

known stainless steel-copper alloy composite materials. Since

16
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an oxygen free copper (99. 99 pure copper)-is used in‘the preset
invention it w111 have better thermal conduct1v1ty than known
90% copper - 10% tin bronze infiltrant materials. A wide
variety of parts may be made from the composite material of the
present inventien and the method of the presentkinvenﬁion.

It is apparent that there has been provided in accordance

with the present invention a molybdenum-copper composite

‘material which fully satisfies the objects, means, and

advantages set forth hereinbefore. While the present invention
has been described in the context of specific embodiments
thereof, other alternatives, modifications, and variations will
become apparent to those skilled in the art having read the

foreg01ng description. Accordlngly, it is 1ntended to embrace

“those alternatives, modlflcat;ons, and variations ‘as fall within

the broad,ecope of the appended claims. 
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Attorney Docket No. 83346
MOLYBDENUM-COPPER COMPOSITE MATERIAL

ABSTRACT OF THE DISCLOSURE
The present invention relates to a molybdenum-copper
composite material. The composite material is formed‘by forming
a mixture of molybdenum, phenblic, and wax, laser sintering the
mixture to form a green form, placing the green form and oxygen
free copper into a furnace, and subjecting the green form and

oxygen free copper to a furnace heating cycle.
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