Journai of Electronic Matenals, Vol. 24, No. 7, 1995

Regular Issue Paper

Copper-Matrix Molybdenum Particle Composites Made
from Copper Coated Molybdenum Powder

PAY YIH and D.D.L. CHUNG
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Copper-matrix molybdenum particle composites containing 33 ~ 73 wt.% Mo
were fabricated by hot pressing copper coated molybdenum powder. For com-
parison, corresponding composites fabricated by hot pressing a mixture of
copper and molybdenum powders were also made. The former method gave
composites of lower porosity, higher hardness, higher compressive yield strength,
lower coefficient of thermal expansion, lower electrical resistivity and higher
thermal conductivity than the latter method. These differences are partly due
to the separation of the molybdenum particles by the copper coating in the
former case. In contrast, molybdenum particle clustering occurred in the latter
case when the Mo content exceeded 53 wt.%.
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INTRODUCTION

Thermal conductors with low thermal expansion
are needed in electronic packaging for substrates,
heat sinks, lids, housings, and constraining cores in
printed circuit boards. The low thermal expansion is
necessitated by

¢ the low thermal expansion of the semiconductor

and of its carrier, which is often ceramic, and

¢ the thermal cycling encountered by the electronic

package during use.
The high thermal conductivity is necessitated by the
need for the package to dissipate heat—a need which
is increasingly critical as the package is more minia-
turized and the power is increased.

Thermal conductors with low thermal expansion
include metal-matrix composites (usually with alu-
minum or copper as the thermally conducting ma-
trix), polymer-matrix composites (with carbon fibers,
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boron nitride particles or even diamond particles as
the thermally conducting filler), and carbons (carbon-
carbon composites, pyrolytic graphite, etc.). The low
thermal conductivity of polymers gives the polymer-
matrix composites a disadvantage, especially when
the thermal contact resistance is considered. Carbons
that are high in thermal conductivity tend to be very
expensive, though they can be even more thermally
conductive than copper. On the other hand, metals
are low in cost and high in thermal conductivity,
making metal-matrix composites highly attractive in
both cost and performance. This paper is focused on
copper-matrix composites because of the high ther-
mal conductivity of copper.

Although the metal matrix in a metal-matrix com-
posite is a good thermal conductor, the filler is prefer-
ably also of good thermal conductivity in order to
maximize the conductivity of the composite. More-
over, the filler must have a low coefficient of thermal
expansion (CTE), since the metal matrix has a high
CTE and the composite is required to have a low CTE.
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Table I. Physical Properties of Some Engineering Metals'
Thermal CTE Electrical Young’s
Density Melting Point Conductivity (x 10-8) Resistivity Modulus
Metal (g/cm?) (°C) (W/m °C) (20-100°C) (10-%C>cm) (GPa)
Al 2.7 658 210 24 2.76 68.3
Cu 8.96 1083 385 16.4 1.7 110
Fe 7.9 1535 76.2 12.2 8.9 197
Mo 10.22 2620 145 4.9 5.17 324
Ni 8.88 1455 60.7 13.1 6.4 207
w 19.3 3370 163.3 44 5.65 345

Fig. 1. Optical micrograph showing the Cu coating (bright ring) on Mo
particles.

These requirements point to the choice of a low CTE
metal (as opposed to a ceramic) as the filler. Table I
gives the pliysical properties of some commonly used
engineering metals. Molybdenum and tungsten are
particularly attractive due to their low CTE. Al-
though tungsten is similar to molybdenum in thermal
conductivity, CTE, electrical resistivity and Young’s
modulus, it suffers from a high density. Molybdenum
Particles were thus chosen as the filler in the copper-
matrix composites of this work.

Even with a filler oflow CTE, a sufficiently low CTE
(<10 x 106 °C-!) in the composite cannot be attained
unless the filler content is sufficiently high (e.g., >50
vol.% Mo). The fabrication of metal-matrix compos-
ites with a high filler volume fraction (as high as 75%)
can be achieved by liquid metal infiltration.? How-
ever, achieving this by conventional powder metal-
lurgy (P/M) is difficult. Dense composites made by
P/M all tend to have relatively low filler volume
fractions (<40% ); at high filler volume fractions, they

tend to be porous. As the melting point of copper is
high compared to that of aluminum, the liquid metal
infiltration technique is simpler for aluminum-ma-
trix composites than copper-matrix composites. More-
over, powder metallurgy is a more widely used metal)
Processing technique than liquid metal infiltration.
Forthesereasons. this paper focuses on fabricating by
powder metallurgy copper-matrix composites with
high filler volume fractions ( up to 70%).

Inorder to achieve metal-matrix composites of high
filler volume fractions by powder metallurgy, an un-
conventional P/M method was used in this work. This
method involves sintering a coated powder which
consists of the matrix metal coated on individual filler
particles; it is called the coated filler method in this
paper. In contrast, conventional P/M technology in-
volves sintering a mixture of the matrix metal powder
and the filler particles; it is called the admixture
method in this paper. The coated filler method has
been previously used to make copper-matrix or silver-
matrix graphite particle composites for use as brushes;
it gave composites of lower electrical resistivity than
the corresponding composites made by conventional
P/M.3 In recent years, the coated filler method was
used by the Specialty Metal Products Division of
Ametek Inc. to prepare Cu/Mo composite products
with high Mo contents and low porosity. However,
Systematic research work involving the comparison
between the composites made by the two methods in
terms of the thermal conductivity, electrical resistiv-
ity, CTE, porosity, and mechanical properiies has not
been previously made. The objective of this paper is to
provide comparison in all these aspects between the
composites made by the two methods. The above.-
mentioned use of coated particles such that the coat-
ing serves as the matrix should be distinguished from
the use of coated particles such that the coating serves
to alloy with the matrix*s or to modify the filler-
matrix interface.$

For the sake of comparison, a Cw/Mo composite
made by the admixture method (Sumitomo Electric
Industries, Ltd., Japan)and a CwMo composite made
by the coated filler method (Ametek Inc., Wallingford,
CT) were examined in this work. Both were made by
powder metallurgy for electronic packaging applica-
tions, such as substrates, heat sinks, thermal spread-
ers, mother boards, and housings.

The attractive properties of Cu/Mo composites for
electronic packaging applications include low ther-
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mal expansion compared to Cu, Ni, or Fe and high
thermal conductivity compared to SiC or Al,O,. Cw/
Mo composites are attractive not only for electronic
packaging, but also for sliding electrical contacts,
motor brushes, and resistance welding electrodes,
because of their hardness and electrical conductivity.

EXPERIMENTAL

Cu/Mo composites containing 33-73 wt.% (30-70
vol.%) Mo were fabricated by two powder metal-
lurgical methods, namely the coated filler method
(using Cu coated Mo powder, optionally mixed with
Cu powder) and the admixture method (using a mix-
ture of Cu powder and Mo powder). In the coated filler
method, the Cu coated Mo powder (70 vol.% Mo in
particles after coating) was prepared by an electro-
plating process developed by the authors. The compo-
sition of the coated particles were determined using
the method described in the Appendix. The Mo par-
ticles were uniformly and continuously covered by the
coating (Fig. 1). The Cw/Mo composite at 73 wt.% Mo
was made from the Cu coated Mo powder without the
addition of Cu powder. Composites at lower Mo con-
tents were made from a mixture of the Cu coated Mo
powder and “bare” Cu powder in a proportion re-
quired to achieve a particular Mo weight fraction in
the composites. For comparison with the admixture
method, mixtures of Cu powder and Mo powder were
prepared at the same corresponding compositions by
weight to the composites made by using the coated
filler method. The Cu and Mo powders used were of
mean size of 3.3 and 4.5 pm, respectively, and were
from GTE Products Corporation (Towanda, PA). Mix-
ing was performed in a ball mill with alumina cylin-
ders (13 x 13 mm) as the grinding medium.

Before composite fabrication, the appropriate pow-
der or powder mixture was reduced in purging hydro-
gen gas at 300°C for 120 min. Composite fabrication
involved cold pressing the appropriate powder or
powder mixture in a graphite die at 156 MPa to form
a cylindrical green compact (0.5” dia. x 0.5” high),
which was then hot pressed by using the same die in
purging nitrogen gas at 1000°C and 117 MPa for 25
min. During heating, the pressure was kept at 77
MPa. The P’M route for both methods is shown in Fig.
2.

Composite testing involved measurements of the
density, hardness (Brinell and/or Rockwell), com-
pressive yield strength, volume electrical resistivity,
CTE, and thermal conductivity (K).

The density of sintered CwMo composites was
measured by using the buoyancy (Archimedes) method
(ASTM B328-92). The porosity of the composite was
determined by the equation

Vp=1-p/p, (1)

where Vp is the pore volume fraction, p the measured
density, and p, the theoretical density.

The hardness measurement was performed using a
Brinell Hardness Tester (Detroit Testing Machine
Co., Model HB-2) at a load of 1000 kg for the Brinell
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hardness test and a Rockwell Hardness Tester (Page-
Wilson Co., Model 3JR) for the Rockwell B scale
hardness test. Compressive testing was conducted on
a cylindrical specimen, using an MTS hydraulic
mechanical testing system.

For measurement of the volume electrical resis-
tivity, the four-probe method was used. Silver paint
was used for electrical contacts. The value of the CTE
was obtained by using a Perkin-Elmer DMA-7 ther-
mal mechanical analyzer, with the temperature
scanned from 25 to 150 °C at a rate of 5°C/min.

The thermal conductivity (K) was determined by
using the equation

K = apC,, 2)

where &, p and C, are the thermal diffusivity, density,
and specific heat, respectively, of the sample. For
obtaining the thermal conductivity, the thermal
diffusivity was measured by the laser flash method
(Nd glass laser, 10~15 J energy, 0.4 ms/pulse),” while
the specific heat was measured by differential scan-
ning calorimetry (Perkin-Elmer DSC-7).

Optical microscopy was used to examine the micro-
structure of the Cu/Mo composites made by the two
P/M methods. For quantitatively analyzing the mi-
crostructure of the Cu/Mo composites, quantitative
metallography was used to examine the degree of
contact, or the contiguity, of Mo particles in the
composite, which can be determined by the equation?

C,=2N, /(N + 2N, ), 3

where C, is the contiguity ratio of Mo particles, N Laa
and N, are the numbers of intersections per unit
length of a random line with o~ (Mo-Mo) and a-§
(Mo-Cu) interface traces, respectively.

RESULTS AND DISCUSSION

Microstructure

Figure 3 shows the optical micrographs of polished
and etched (with copper preferentially etched) sec-
tions of the CwMo composites made by the two P/M
methods. It was thus found that the composites with
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Fig. 2. Powder metallurgy route for the two methods utifized in the
preparation of Cu/Mo composites.
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Fig. 3. Optical micrographs showing the microstructure of the Cu/Mo composites made by the two P/M methods with the Cu matrix {(dark area)
preferentially etched: (a) 33 wt.% Mo. coated filler method: (b) 63 wt.% Mo, coated filler method: (¢) 73 wt.% Mo, coated filler method: (d) 33 wt.%
Mo, admixture method:; (e) 63 wt.% Mo, admixture method: and (f) 73 wt.% Mo. admixture method.

high Mo contents of 63 and 73 wt.% Mo, for example,
made by the coated filler method had the adjacent Mo
particles substantially separated from one another by
the Cu matrix (Figs. 3b and 3c¢), whereas the corre-
sponding composites made by the admixture method
hadthe adjacent Mo particles contacting each other to
form Mo agglomerates. (Figs. 3e and 3f). The extent of
Mo particle contacts increased with increasing Mo
content among the composites made by the admixture
method. However, in the case of a low Mo content (33
wt.% Mo, for example). the microscopic observation
showed no apparent difference in the microstructure
between the composites made by the two methods
(Figs. 3a and 3d). Table I1 lists the contiguity ratio of
yo in the Cu/Mo composite samples corresponding to
ig. 3.

The fabrication of composites by the P/M route

involves solid-state flow of the lower melting matrix.

Inthis work, the hot pressing temperature was 1000°C,
which is below the melting point of copper (1083°C)
and is much lower than the melting point of molybde-
num (2617°C). During hot pressing, the composite
formed through the flow of the softened Cu, with the
rigid Mo particles dispersed in the Cu matrix. For the
composites made by the admixture method, the de-
gree of Mo contact increased with increasing Mo
content, since it was difficult for the small amount of
softened Cu particles to flow through the contacted
rigid Mo particles in a random Cu/Mo mixture. How-
ever, for the composites made by the coated filler
method, the Cu coating separated the Mo particles,
thereby greatly reducing the degree of contact be-
tween the Mo particles, even though the Cu content
was low. In the case of composites containing a low
volume fraction of Mo, since there was a sufficient
amount of Cu particles surrounding the Mo particles
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At a high Mo content, as discussed previously, the

for the composites made by the admixture method,
there was no apparent difference in the microstruc-
ture between the composites made by the two meth-

ods.

Porosity
Figure 4 shows that, at Mo contents below 50 wt.%,
the composites made by the two P/M methods had
almost the same low level of porosity. At Mo contents
exceeding about 60 wt.%, the porosity of the compos-
ites made by the admixture method increased dra-
matically, especially at 73 wt.% Mo, whereas the
porosity of the composites made by the coated filler
method remained at a relatively low level and in-
creased only slightly when the Mo content was in-
creased to 73 wt.%. This is supported by optical

micrographs obtained after polishing but no etching,
as shownin Fig. 5 for the 73 wt.% Mo composites made

high porosity of the composites made by the admix-
ture method was due to the small amount of Cu
particles, which could not flow thoroughly through
the contacted rigid Mo particles to fill up the inter-
stices. Since the hot pressing temperature was much
lower than the meiting point of Mo, the contacted Mo
particles could not be effectively sintered, thus result-
ing in high porosity. Figure 5b shows that most pores
were present among the contacted Mo particles. For
the composites made by the coated filler method,
however, even at high Mo contents, the Cu coating
separated the Mo particles from one another, thus
resulting in low porosity. At Mo contents below 50
wt.%, even for the composites made by the admixture
method, there was a sufficient amount of Cu particles
to surround the Mo particles, so the porosity of the
comyuosites made by both methods was low.

Physical Properties
The effects of the Mo weight fraction and the com-

by the two methods.
Table I1. Contiguity Ratio (C,) of Mo
in Cu/Mo Composites

Sample
Method Adm. Coated Adm. Coated Adm. Coated
Wt Mo 33 33 63 63 73 73
C, 0.07 0.07 058 0.19 0.78 0.26
10
= Admixture method
= Coated filler method e
H
8 i
[}

POROSITY (vol.%)

80 .

50
Wt.% Mo

composites made by the two P/M methods.

Fig. 4. Porosity as a function of weight percent Mo for the Cu/Mo

admixture method.

) O S _
Fig. 5. Optical micrographs showing pores in the Cu/Mp composites
made by the two P/M methods. The samples were polished but not
etched: (a) 73 wt.% Mo, coated filler method; and (b) 73 wt.% Mo.
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Fig. 8. Electrical resistivity as a function of weight percent Mo for the
CuMo composites made by the two P/M methods.

posite fabrication method on the measured proper-
ties, such as hardness, compressive. yield strength,
volume electrical resistivity, CTE, and K, are shown
in Figs. 6-10, respectively.

Hardness and Compressive Yield Strength

Figures 6 and 7 show that the hardness and com-
pressive yield strength of the composites made by the
coated filler method were higher than those of the
corresponding composites made by the admixture
metnod. The differences between the composites made
by the two methods increased with increasing Mo
content, especially at high Mo contents (>53.4 wt.%).
At Mo contents exceeding 63 wt.%, both the Brinell
hardness and compressive yield strength of compos-
ites made by the admixture method decreased
abruptly, whereas, for the composites made by the
coated filler method, the hardness continued to in-
crease while the compressive yield strength remained
high.

Electrical Resistivity

Figure 8 shows that, at high Mo contents (>63
wt.%), the electrical resistivity of the composites made
by the admixture method increased more markedly
with increasing Mo content than that of the compos-
ites made by the coated filler method.

Allthe difference in the properties mentioned above
between the composites made by the two methods are
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attributed, at least partly, to the higher porosity of the
composites made by the admixture method. More-
over, the insufficient sintering of the contacted Mo
particles in the Mo particle agglomerates contributes
to the degradation of properties of the composites
made by the admixture method. Table III shows the
effect of the porosity and Mo particle agglomerates
(expressed in contiguity ratio C,)on measured proper-
ties of the CwMo composites made by the two meth-
ods at high contents of Mo (63 and 73 wt.% Mo).

Thermal Conductivity and Coefficient of
Thermal Expansion

Figures 9 and 10 show that the composites made by
the coated filler method exhibited lower CTE and
higher thermal conductivity than the composites made
by the admixture method at Mo contents from 33 to 73
wt.%. The differences increased with increasing Mo
content. The CTE and thermal conductivity are sub-
stantially linear with Mo content and are not as
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Fig. 9. Coefficient of thermal expansion as a function of weight percent
Mo for the Cu/Mo composites made by the two P/M methods.
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sensitive to the porosity as the hardness, compressive
yield strength, and electrical resistivity are.

At low Mo contents, there was little porosity dif-
ference (Fig. 4, <53 wt.% Mo) and no apparent dif-
ference in microstructure (Figs. 3a and 3d, at 33 wt.%
Mo) between the composites made by the two meth-
ods. Nevertheless, all the properties showed a differ-
ence between the composites made by the two meth-
ods at all Mo contents from 33 to 73 wt.%, such that
the difference increased with increasing Mo content.
Therefore, the porosity and the microstructure can-
not explain fully the difference in the properties
between the composites made by the two methods.

Due to the very limited solid solubility of Cu and Mo
in the Cu-Mo system?® and the processing parameters
in this work (1000°C, 117 MPa, 25 min), mechanical
bonding® of Cu to Mo due to the differential thermal
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Fig. 10. Thermal conductivity as a function of weight percent Mo forthe
Cu/Mo composites made by the two P/M methods.

Table III. Measured Properties vs Porosity (V,) and Contiguity Ratio (C,) of Cu/Mo Composites

Sample

Method Wt.% Mo Vp (%) C
Admixture 63 1.4 0.58
Coated 63 0.8 0.19
Admixture 73 8.7 0.78
Coated 73 1.5 0.26

Compressive Electrical
Hardness Yield Strength Resistivity
(HB) (MPa) (104CQcm)
148 468 347
171 641 3.28
129 425 4.92
193 647 3.87
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Table IV, Comparison of Cu/Mo Composites of this Work, Sumitomo, and Ametek with Kovar

This Work Kovarn
Sample Method Admixture Coated Sumitomo Ametek (Fe-27%Ni-7%Co)
Mo particle size (um) 4.5 4.5 4.0 85 /
Wt.% Mo 73.3 73.3 80" 75° /
Porosity (vol.%) 8.7 1.5 4.7 0.8 /
Density (g/cm?) 8.99 9.70 9.47 9.82 8.3
Hardness (Ry) 76 97 42 82 /
Compressive yield
strength (MPa) 425 647 / / /
CTE (10-¢/°C) (25-150°C) 8.2 7.3 8.0 7.7 5.3
Electrical resistivity (104 Q.cm) 4.92 3.87 5.62 44 50°
Thermal conductivity (W/m.K) 114 141 / 185° 17

Note: Values with * are published values. Values without * are measured values obtained in this work.

TAF . o ~kF o) S

VI & Qs

Fig. 11. Optical micrograph showing the microstructure of commercially available Cu/Mo composite samples: (a) Sumitomo sample containing 80
WL.% Mo; and (b) Ametek sample containing 75 wt.% Mo.

contraction is expected to be dominant, though other formed before the fabrication of the composite. Obvi-
types of bonding (such as dissolution and wetting ously, stronger Cu/Mo bonding is expected by using
bondin)**may occurtoa limited degree. The quality of Cu coated Mo particles than that obtained by using a
both types of bonding is affected by how tightly the Cu mixture of Cu and Mo powders in which some defects

and the Mo are joined together. Since the electroplat- (such as impurities, oxides, etc.) may be introduced to
ing of Cu on Mo involves the discharge of Cu ions and the interface between Cu and Mo after the same hot-
deposition of Cu atoms one by one on the surface of Mo press processing.

particles, good bonding in atomic scale between the InCu/Mo composites, because of the different CTEs
Cu coating (matrix material) and the Mo (reinforce- of the two components (high for Cu and low for Mo),

ment) in a Cu coated Mo particle had already been the free thermal éxpansion of the Cu matrix is con.



Copper-Matrix Molybdenum Particle Composites Made
from Copper Coated Molybdenum Powder

strained by the Mo particles through the bonding
between Cu and Mo. Thus, the CTE of the composite
is affected by the bonding between the Cu matrix and
the Mo particles. Weaker bonding leads to a higher
CTE. The interface between the two components
affects heat conduction, so better bonding between Cu
and Mo leads to a higher thermal conductivity in the
composite. Since the effect of bonding on the proper-
ties depends on the total amount of interface between
Cu and Mo in the composite, differences in the prop-
erties between the composites made by the two meth-
ods increased with increasing Mo content. Compared
to the effect of porosity on hardness, compressive
yield strength, and electrical resistivity, the effect of
the bonding on these properties was not significant in
this work, especially at low contents of Mo (<53 wt.%).

Comparison with Commercial Cu/Mo
Composices

For the sake of comparison, commercial samples of
a Cu/Mo composite containing 80 wt.% Mo, known as
CMSH (admixture method) from Sumitomo Electric
Industries, Ltd., Japan, and a Cu/Mo composite con-
taining 75 wt.% Mo, known as AMC 7525 (coated filler
method) from Specialty Metal Products Division of
Ametek Inc., Wallingford, CT, were examined in this
work. Their properties are listed in Table IV, together
with those of the Cw/Mo composites fabricated in this
work. Optical microscopy (Fig. 11a) showed that the
Sumitomo composite sample contained Mo particle
agglomerates—similar to the microstructure of 63
and 73 wt.% Mo composites (Figs. 3e and 3f) fabri-
cated by the admixture method in this work. There-
fore, its properties were inferior to the 73.3 wt.% Mo
composite made by the coated filler method, even
though the Mo content of CMSH was higher. Figure
11b shows that the Ametek sample had Mo particles
substantially separated by the Cu matrix—similar to
the microstructure of CwMo composites (Figs. 3b and
3c) fabricated by the coated filler method in this work.
Therefore, its properties were superior to the
Sumitomo composite sample and the 73.3 wt.% Mo
composite made by the admixture method in this
work. Compared to the 73.3 wt.% Mo composite made
by the coated filler method in this work, the Ametek
sample had lower porosity and higher thermal conduc-
tivity, but lower hardness, higher CTE, and higher
electrical resistivity (Table IV). It also can be noticed
that the Ametek sample had a much larger Mo par-
ticle size (85 pm) than that (4.5 um) of CwMo compos-
ites fabricated in this work. In general, at high Mo
contents, the properties of Cw/Mo composites made by
the coated filler method (whether the composites
made in this work or the Ametek sample) are superior
to those of the composites made by the admixture
method (whether the composites made in this work or
the Sumitomo sample).

Kovar is a low CTE Fe-Ni-Co alloy used in the
electronicindustry. As shownin Table IV, it has lower
CTE than CwMo composites, but its thermal and
electrical conductivities are much lower.
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Since some of the values listed in Table IV are
published values and some are values measured in
this work, comparison should be more reliable be-
tween measured values than between published and
measured values.

CONCLUSION

Copper-matrix molybdenum particle composites
containing up to 70 vol.% Mo were fabricated by
powder metallurgy using two methods. One method,
called the admixture method (conventional method),
used a mixture of Cu and Mo powders. The other
method, called the coated filler method, used Cu
coated Mo particles (70 vol.% Mo) with Cu powder
mixed in optionally for varying the composition of the
composite. ,

The composites made by the coated filler method
exhibited lower porosity, higher hardr.ess, higher
compressive yield strength, lower coefficient of ther-
mal expansion, lower electrical resistivity, and higher
thermal conductivity than the corresponding compos-
ites made by the admixture method.

The difference between the composites made by the
two methods increased with increasing Mo content.
The microstructure of the two types of composites
differed only at high Mo contents (>53 wt.%). The
difference was that Mo particle agglomeration oc-
curred in the composites made by the admixture
method, but not in those made by the coated filler
method. Inside a Mo particle agglomerate, sintering
was inefficient at 1000°C, so the bonding was poor
between contacted Mo particles and the electrical/
thermal contact resistance between adjacent Mo par-
ticles was high. Moreover, the clustering made the Mo
particles a less effective reinforcement.

A possible cause of the property differences ob-
served at all Mo contents between composites made
by the two methods is related to the better Cu/Mo
bonding obtained by using Cu coated Mo particles
than that obtained by using a mixture of Cu and Mo
powders after the same hot-press processing.
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APPENDIX:; METHOD FOR URING
COMPOSITION OF METAL COATED
PARTICLES

CONDITIONS FOR USING THIS METHOD

in conjunction with the coating materia] in pow-
derform)to make a sound composite which serveg
as a test vehicle, anq

® duringthe fabrication of the composite, the meta]
coating does not alloy or have any chemical reac.
tion with the bage Particles,

THE CONCEPT

This method involves making two types of com-
Pposite with nearly the same composition ( pProportions
of the matrix and the particulate reinforcement). Opne
type is Composite A, which is made from matrix.
coated particles (the very particles the composition of

Acanbe made close to that of Composite B bytrial and
eérror through adjusting the proportion of matrix
Powder used along with the metal coated particles in
making Composite A Provided that
¢ Composites A and B are properly fabricated at
Suitable and simjlay composite compositions,
* their porosities are at equally low levels, and
* the variation of Porosity is small within g limited

and B can be made,
The Porosity of Composite B can be determined by
Measuring its density, since the composition (hence
the theoretica] density) of this composite is exactly
own. With the Porosity and the proportion of ma-

Yih and Chung

tion of meta] coated particles can be calculated.

EQUATIONS
The equations used in this method are as follows:
V,=1-pp, (1)

where V | P, and p_ are the porosity, measured den-
sity, and the theoretica] density of the composite
(Composite A or B), respectively:

Vb=[p—pm (1—Vp)]/(pb—pm) (2)

where V. isthe volume fraction of the base particles in
composite A, and Py @nd p_ are the densities of base
particle and metg] coating aterials, respectively;

Wo=p,lp-p_(1- VVlp (p, - p_] (3)

where W, s the weight fraction of the base particles
in Composite A;

W=(1+R)p,[p- Pu (1 =V )Vp(p, - Pl (4)
where W is the welgh!: fraction of the base particles in

V= P.Wp, - Wp, - Pl (5)

where V is the volume fraction of the base particles in
the meta] coated particles.
In the equations mentioned above, Eq. (1) is well

relations among density, weight and volume, and the
rule of mixtures.

PROCEDURE
FromEgs. (1)to( 5), only V_andpare unknown and
need measured to determine W orV, ie, the

work, hot Pressing was ygeq.
Preparation of Composite B

The fabricatiop Process and the composition of
Composite B should be selected to make g composite
With a low leve] of porosity. The filler content of
Composite B should

In this work, (fomposite B (with Cu as the matrix
and Mo Particles as the filler) wag made by the
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admixture method. In the composition range 15-25
vol.% Mo, the porosities of Composites A and B were
low (<0.003) and the difference in porosity between
Composites A and B at the same composition was very
small (<0.0005). Thus, a composition of 20 vol.% Mo
was selected for Composite B and the assumption that
V, is the same for Composites A and B is valid.

Preparation of Composite A

Composite A was fabricated by using the coated
filler method, i.e. using metal coated particles, option-
ally together with matrix powder. The same process
conditions as those used for the fabrication of Com-
posite B should be used in the fabrication of Compos-
ite A. The composition of Composite A should be as
close as possible to that of Composite B.

Procedure for Measurement of the
Composition of Metal Coated Particles

The procedure consists of the following steps:
Step 1

Fabricate Composite B, measure its density and
calculate its porosity by using Eq. (1).

Step 2

Estimate the composition of the metal coated par-
ticles. Form a mixture of metal coated particles (as-
sumed to be at the estimated composition) and matrix
powder, such that the mixture has the same composi-
tion as Composite B. Use this mixture to fabricate
Composite A. Measure the density of Composite A.
Use the measured density of Composite A and the
porosity of Composite B (determined in Step 1) to
calculate the composition of Composite A by using
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either Eq. (2) or equation (3). Calculate the composi-
tion of the metal coated particles by using Eq. (4) and
Eq. (5). Compare the composition of Composite A with
that of Composite B. If the compositions of Compos-
ites A and B are very close (usually, the difference in
composition should be less than 0.5 vol. % filler or base
particles), the value of the composition of the metal
coated particles determined in this step can be taken
as the final result. If the compositions of Composites
A and B are not close enough, go to Step 3.

Step 3

Repeat Step 2, except that the composition of the
metal coated particles determined in Step 2 is used as
a more accurate estimated value to make another
Composite A. The composition of Composite A made
in this step should be very close to that of Composite
B. If necessary, repeat Step 3 to make yet another
Composite A. Each time use the composition of the
metal coated particles determined by using the last
Composite A as the more accurate estimated value to
make the next Composite A, until the composition of
Composite A is very close to that of Composite B. Take
the composition of the metal coated particles deter-
mined by using the last Composite A as the final
result. :

MEASUREMENT ACCURACY

If the porosity is low and the porosities of Compos-
ites A and B at the same composition are almost the
same, the value of the composition of metal coated
particles measured by this method should be reliable.
The accuracy of the result depends on the accuracy of
measuring the density of the composites A and B.



