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Brass-matrix silicon carbide whisker composites
prepared by powder metallurgy

P. YIH, D.D.L. CHUNG
Composite Materials Research Laboratory, State University of New York at Buffalo, Buffalo,
NY 14260-4400, U.S.A.

Brass (Cu-18Zn)-matrix and copper-matrix composites containing 0-50 vol% silicon carbide
whiskers were fabricated by powder metallurgy using both the admixture method and the
coated filler method, such that the fabrication of the copper-matrix composites did not
involve a liquid phase whereas that of the brass-matrix composites did during the sintering
process. The coated filler method gave composites with lower porosity, greater hardness,
higher compressive yield strength, lower coefficient of thermal expansion (CTE), higher
thermal conductivity and lower electrical resistivity than the admixture method, though the
differences were much larger for copper-matrix composites than brass-matrix composites
due to the liquid phase present during the fabrication of the brass-matrix composites. The
mechanical properties of the brass-matrix composites were similar to those of the
copper-matrix composites (also made by the coated filler method) at >35 vol% SiC, but
were superior to those of the copper-matrix composites at <35 vol% SiC. The CTE was
lower for brass-matrix composites than copper-matrix composites at >35 vol% SiC. The
thermal conductivity was lower and the electrical resistivity was higher in brass-matrix
composites than copper-matrix composites at <50 vol% SiC. © 1999 Kluwer Academic
Publishers

1. Introduction between composites made by the two methods is negli-
Copper-matrix composites have attracted considerablgible. The superior properties of the composites made
attention due to their combination of high strength,by the coated filler method is due to the more effec-
high thermal conductivity and low electrical resistivity, tive sintering of copper coated filler units compared to
which are properties of importance to electronic appli-the sintering of intermixed filler and matrix, when the
cations. The copper-zinc, or brass, alloys with less thasintering temperature is fixed (950 [1], at which no
35 wt% Zn are substitutional solid solutions-phase liquid phase is involved during sintering). When sinter-
in the Cu-Zn phase diagram) of zinc in copper. Bothing involves a liquid phase, the flow of the liquid will
strength and ductility of brass are higher than those oénhance the sintering of intermixed filler and matrix, so
copper, though the thermal conductivity is lower and thethat the coated filler method may result in a composite
electrical resistivity is higher. Due to the high strengththatis nottoo different from the admixture method. Itis
and ductility of brass, the use of brass instead of coppesn objective of this paper to investigate the usefulness
as the matrix of a metal-matrix composite is of inter- of the coated filler method compared to the admixture
est. However, there has been no previous report of angnethod in fabricating composites by sintering that in-
brass-matrix composite. Thus, brass-matrix compositegolves a liquid phase.
constitute the subject of this paper.

Powder metallurgical fabrication of copper-matrix
composites with discontinuous reinforcements is con2. Experimental methods
ventionally performed by sintering a mixture of ma- The SiC whiskers (SiCw) used in this work were
trix powder and the discontinuous reinforcement—asupplied by Advanced Refractory Technologies, Inc.
method referred to as the admixture method. An al{Buffalo, NY). They were single crystals and primarily
ternate method involves coating the discontinuous reinin the 8-phase form. They were 0.5-1.8n in diam-
forcement with the matrix and then sintering the coateckter, with an aspect ratio of 10—25. Their density was
reinforcemeh— a method referred to as the coated filler3.21 g/cni. The copper powder used was supplied by
method. The latter method gives copper-matrix com-GTE Products Corporation (Towanda, PA); the mean
posites of lower porosity, higher hardness, higher compatrticle size was 3.3m. The zinc powder used in con-
pressive yield strength, lower CTE, higher thermal conqjunction with copper to form brass was also supplied
ductivity and lower electrical resistivity than the former by GTE; the mean particle size wagun.
method when the filler is SiC whiskers:a80 vol% [1]. As described [1] and [2], Cu/SiCw composites con-
At whisker contents less than 30 vol%, the differencetaining 0-54 vol% SiC whiskers were fabricated by
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hot-pressing, using two different methods, namely the The density of composites was measured by using
coated filler method (using Cu coated SiC whiskersthe buoyancy (Archimedes) method (ASTM B328-92).
without the addition of Cu powder) and the admix- The hardness measurement was performed using a
ture method (using a mixture of Cu powder and SiCBrinell Hardness Tester (Detroit Testing Machine Co.,
whiskers). In the coated filler method, a coating pro-Model HB-2) at a load of 1000 kg. Compressive testing
cess developed by the authors was used to prepare @uas conducted on a flat face of a cylindrical specimen
coated SiC whiskers. In this coating process, the surf0.5 in. or 12.7 mm in diameter, 0.5 in. or 12.7 mm
face of the SiC whiskers was metallized by electrolessn height), using an MTS hydraulic mechanical testing
plating with Cu and subsequently electroplated withsystem.

Cu to obtain the desired volume fraction of Cu in the For measurement of the volume electrical resistivity,
Cu coated SiC whiskers. The SiC whiskers were unithe four-probe method was used. Silver paint was used
formly and completely covered by the Cu coating. Forfor electrical contacts. The CTE was determined by
the sake of comparison with the conventional powdeusing a Perkin-Elmer TMA-7 thermal mechanical ana-
metallurgy method, the admixture method was usedlyzer, with the temperature scanned from 25 to 100

In the admixture method, mixtures of Cu powder andat a rate of 3C/min.

SiC whiskers were prepared at the same corresponding The thermal conductivity (K) was determined by the
compositions by weight as the composites made by thequation
coated filler method. Mixing was performed in the ball

mill with alumina cylinders (13 mnx 13 mm) as the K=apCp @)

grinding medium. _ o wherea, p and G, are the thermal diffusivity, density
Brass (Cu-Zn)/SiCw composites containing 0-S0and specific heat respectively of the sample. For ob-
vol% SiC whiskers were prepared also by the coategaining the thermal conductivity, the thermal diffusivity
filler method and the admixture meth_od. In thg coatedyas measured by the laser flash method (Nd glass laser,
filler method, copper coated SiC whiskers (with 57.510_15 3 energy, 0.4 ms/pulse) [3], while the specific
vol% SiC), obtained by electroless plating and subteat was measured by differential scanning calorime-
sequent electroplating of copper on the SiC whiskers»Ery (Perkin-Elmer DSC-7).
were mixed with different amounts of copper and “x.ray diffraction was conducted to identify the
zinc powders, such that the ratio of copper to zinc inphases in the composites which had been ground into
the entire mixture (including the copper deposited OMowders. A powder diffractometer with Cukradia-
the whiskers) was 80:20 by weight. In the admixturetion was used. X-ray spectroscopy was conducted us-
method, SiC whiskers (without coating) were mixeding a scanning electron microscope (SEM) to analyse
with different amounts of copper and zinc powders,the elemental composition of the brass-matrix compos-
such that the ratio of copper to zinc was 80:20 byjte made by the coated filler method and containing 20

weight. _ , ~_ vol% SiC whiskers.
In this paper, the SiC whisker volume fraction is the

quantity used to describe the composition of the com-
posites. It should be noted that this is a nominal vol-3. Results and discussion
ume fraction, i.e., only metal matrix and SiC whiskers3.1. X-ray diffraction and X-ray
were considered; the volume fraction of porosity was spectroscopy
not taken into account. The actual SiC whisker volumeThe phases in brass-matrix composites made by both
fraction is less than the nominal volume fraction due tothe coated filler method and the admixture method were
the porosity. analyzed by powder X-ray diffraction (Fig. 1). Fig. 1la
Before composite fabrication, the coated whiskersand ¢ show the presence of metallic zinc prior to sin-
(oramixture of bare whiskers and metal powder(s)) wagering. After sintering, the absence of metallic zinc in
reduced in purging hydrogen gas at 2&0for 60 min.  both the composites made by the admixture method and
The composite fabrication involved cold compaction ofthe coated filler method (Fig. 1b and d) indicates that
the coated whiskers (or the mixture) in a graphite die akinc had been dissolved into copper to form a copper-
155 MPa to form a cylindrical green compact (0.5 in. based solid solution, i.e., brass. The zinc dissolution
or 12.7 mm in diameter). The green compact was theiis also supported by X-ray spectroscopy of a brass-
heated and hot pressed in the same die in purging nimatrix composite made by the coated filler method and
trogen gas at 900C and 116 MPa for 25 min. During containing 20 vol% SiC whiskers. X-ray spectroscopy
heating, the pressure was kept at 77 MPa until the temshowed peaks associated with Cu, Zn and Si (Si from
perature reached 90C. During heating, the zinc pow- SiC), such that the weight proportions of these three
der (melting point= 420°C) in the compact melted and elements are 80.3:17.1:2.6 (i.e., the weight proportions
then diffused into the copper to form solid brass. Due toof Cu to Zn are 82.4:17.6). The ratio of Cuto Zn is quite
the molten zinc, a liquid phase was transiently presentlose to the ratio 80:20 in the mixture prior to sintering,
during sintering. The sintering temperature of 9a0s  though the amount of Zn relative to that of copper was
below the solidus temperature of Cu-202/980°C).  less than that prior to sintering due to the evaporation
Composite testing involved measurements of theof zinc during sintering.
density, hardness (Brinell), compressive yield strength, The grain sizes of the copper in the mixture or the
volume electrical resistivity, coefficient of thermal ex- copper coated whiskers prior to sintering and of the
pansion (CTE) and thermal conductivity. brass matrix in the composites after sintering were
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Figure 1 Powder X-ray diffraction patterns of brass-matrix composites containing 44 vol% SiC whiskers made by the coated filler method and the
admixture method. (a) Admixture method — prior to sintering. (b) Admixture method — after sintering. (c) Coated filler method — prior to sintering.
(d) Coated filler method — after sintering.
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measured by X-ray diffraction using the method de-
scribed in [4]. The results show that, prior to sinter-
ing, the grain size of the copper powder in the mixture
was larger than 0.Lm and the copper coating on the
whiskers had a fine grain size of 0.02; after sinter-
ing, the grain sizes of the brass matrix in the composites
were even finer—0.016m for the composite made by
the coated filler method and 0.0&n for the composite
made by the admixture method.
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3.2. Porosity
The porosity can be determined by the equation

POROSITY (Vol.%)

fo=1-p/po. 2) i i
where f, is the pore volume fractiorp the measured
density, angpg the theoretical density.

The porosities (Fig. 2) of the brass-matrix compos-
ites at a given composition and made by the coated filler
method and the admixture method were close, such that .
the former was slightly lower than the latter when the Vol.% SiCw
SICw content exce(.eded 46 VOI.%' However, the pOfOS.It){:igure 2 Variation of porosity with SiC whisker volume fraction in
of the copper-matrix composites made by the admlx'copper—matrix and brass-matrix composites made by the coated filler
ture method was much higher than that of copper-matrixnethod and the admixture method.
composites made by the coated filler method at the same
SiCw volume fraction when the SiCw volume fraction involved a liquid phase, and the advantage of the coated
exceeded 30%. These differences are because the fabifiller method over the admixture method was more sig-
cation of the copper-matrix composites involved no lig- nificant when the sintering involved no liquid phase
uid phase, whereas that of the brass-matrix compositgeesent.
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3.3. Mechanical properties composites made by either method were both attained
The hardness (Fig. 3) and compressive yield strengtht 45 vol% SiC whiskers. In contrast, the maximum

(Fig. 4) were both higher for brass-matrix compos-hardness and maximum compressive yield strength for
ites made by the coated filler method than for thosecopper-matrix composites made by the coated filler
of the same SiC whisker volume fraction and mademethod were attained at 50 vol% SiC whiskers. Brass-
by the admixture method for all whisker volume frac- matrix composites made by both methods exhibited
tions exceeding 10%. The maximum hardness anthigher hardness and compressive yield strength than

maximum compressive yield strength for brass-matrixcopper-matrix composites at the same SiC whisker vol-
ume fraction and made by the coated filler method when

the whisker volume fraction was 30% or less, and ex-
300 hibited higher hardness and compressive yield strength
® Cu/SiCw Coated than copper-matrix composites at the same whisker vol-
" O Cu/SiCw Admixture ume fraction and made by the admixture method at all
| A Brass/SiCw Coated whisker volume fractions.
& Brass/SiCw Admixture The superior mechanical properties of the brass-
matrix composites compared to the copper-matrix
composites at low whisker volume fractions are not
due to the difference in porosity, as the porosity was
no different (Fig. 2), but are probably due to the
higher strength of the brass matrix compared to the
copper matrix. At high whisker volume fractions,
the mechanical properties are dominated by the
whiskers rather than the matrix, so brass-matrix and
copper-matrix composites of the same whisker volume
fraction and with similarly low porosity (both made
by the coated filler method) exhibited similar me-
chanical properties at high whisker volume fractions.
The superior mechanical properties of brass-matrix
composites than copper-matrix composites, both made
by the admixture method and both at the same whisker
l ' ‘ ‘ volume fraction, are attributed to the higher strength of
0 10 20 30 40 50 60 the brass matrix compared to the copper matrix when
Vol.% SiCw the whisker volume fraction was less than 33% and
Figure 3 Variation of hardness with SiC whisker volume fraction in to the lower porosity of the brass-matrix composites
copper-matrix and b_rass-matrix composites made by the coated ﬁ"eCompared to the copper-matrix composites when the
method and the admixture method. whisker volume fraction was greater than 33%.

For brass-matrix composites, the superior mechani-
cal properties of composites made by the coated filler
method compared to those made by the admixture
method are not due to the difference in porosity, as the
porosity was essentially the same, but are attributed
to the better filler-matrix bonding provided by the
coated filler method than the admixture method. For
the copper-matrix composites, the superior mechani-
cal properties of composites made by the coated filler
method compared to those made by the admixture
method are attributed to the difference in porosity.
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3.4. Coefficient of thermal expansion

Fig. 5 shows that the CTE was lower for brass-matrix
composites than copper-matrix composites of the same
* Gu/SiCw Coated whisker volume fraction when the whisker volume
C”/ iow Loate ! fraction was high £40% when compared to copper-
© Cu/SiCw Admixture . : .
N : matrix composites made by the coated filler method,
Brass/SiCw Coated o .
A Brass/SiCw Admixiure fand>33 Y% when compared to copper-matrix compos-
| ites made by the admixture method). This is not due to
| | | | . - - . .
10 20 30 40 50 60 differences in porosity '(Flg. 2)2 but. is probably due to
o ic the stronger filler-matrix bonding in the brass-matrix
Vol.% SiCw composites than the copper-matrix composites. (Zinc
Figure 4 Variation of compressive yield strength with SiC whisker vol- is a well-known adhesion promotor). It is useful prac-

ume fraction in copper-matrix and brass-matrix composites made by théically (say for electronic packagin_g) that a CTE as
coated filler method and the admixture method. low as 88 x 106/°C was attained in a brass-matrix
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18 by the admixture method and containing more than
® Cu/SiCw Coated 42 vol% SiC whiskers. This is attributed to the low
i Cu/SiCw Admixture thermal conductivity of the brass matrix compared to
A Brass/SiCw Coated the copper matrix. For both brass-matrix and copper-

16 - Brass/SiCw Admixture matrix composites, the thermal conductivity was higher

for the composite made by the coated filler method than
that at the same SiC whisker volume fraction and made
by the admixture method, such that the difference in-
creased with increasing SiC whisker volume fraction
and was larger for the copper-matrix composites than
the brass-matrix composites. This is attributed to the
better filler-matrix bonding in composites made by the
coated filler method than those made by the admix-
ture method, as porosity (Fig. 2) cannot explain it. The
coated whiskers may render the composites with clean
(less impurities such as oxides or other contaminants)
and better bonding between the whiskers and the cop-
per matrix which leads to a lower thermal contact re-
sistivity at the filler-matrix interface. At 50 vol% SiCw,
brass-matrix and copper-matrix composites, both made

‘ : ‘ : by the coated filler method, exhibited the same thermal
10 20 30 40 50 60 conductivity.

Vol.% SiCw

Figure 5 Variation of coefficient of thermal expansion with SiC whisker . e e
volume fraction in copper-matrix and brass-matrix composites made b);;'G' EIeCt_rlcaI re_SI.SFIVIty. .
the coated filler method and the admixture method. The electrical resistivity (Fig. 7) was higher for brass-
matrix composites made by either method than copper-

composite made by the coated filler method and Con[natrix _composites at the same SiCw volume fractiqn
taining 50 vol% SiC whiskers atall Slevolume fractions, except that copper-matrix

' composites made by the admixture method and contain-
ing >33 vol% SiCw were highest in electrical resistiv-
3.b. Thermal conductivity ity. This is attributed to the high electrical resistivity
As shown in Fig. 6, the thermal conductivity was of the brass matrix compared to the copper matrix and
higher for copper-matrix composites than brass-matrixhe high porosity of copper-matrix composites made by
composites, except for copper-matrix composites madthe admixture method and containin@3 vol% SiCw.
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Figure 6 Variation of thermal conductivity with SiC whisker volume Figure 7 Variation of electrical resistivity with SiC whisker volume frac-
fraction in copper-matrix and brass-matrix composites made by theion in copper-matrix and brass-matrix composites made by the coated
coated filler method and the admixture method. filler method and the admixture method.
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For both copper-matrix and brass-matrix compositespowder metallurgy, using both the admixture method
the coated filler method gave composites with lowerand the coated filler method. The fabrication of the
resistivity than the admixture method, though the dif-copper-matrix composites involved no liquid phase,
ference was small for the brass-matrix composites. whereas the fabrication of the brass-matrix compos-
ites involved a transient liquid phase (zinc). The coated
3.7. Applications requiring high thermal filler method gave composites with lower porosity,
conductivity and low CTE greater hardness, higher compressive yield strength,
Applications requiring both high thermal conductiv- lower CTE, higher thermal conductivity and lower elec-
ity and low CTE (<10 x 10-8/°C) include substrates, trical resistivity than the admixture method, but the dif-
lids, heat sinks and housings in electronic packagference between composites at the same volume frac-
ing. For such applications, the brass-matrix com-tionbutmade by different methods was much larger for
posite fabricated by the coated filler method andCOPPer-matrix composites than brass-matrix compos-
containing 50 vol% SiCw is recommended. Its CTEtés. The sintering was more effective (lower porosity
is lower and its thermal conductivity is higher than the @nd/or better filler-matrix bonding) in the coated filler

copper-matrix composite fabricated by the coated fillernethod than the admixture method. The liquid phase
method and containing 55 vol% SiCw. helped the effectiveness of the sintering, so that, when a

liquid phase was present, the improvement obtained by
using the coated filler method instead of the admixture
method was relatively small. Nevertheless, the high-
est hardness in brass-matrix composites was increased
from 225 to 262 (Brinell) and the highest compressive

heat exchanaers. For such applications. copper-matri ield strength in brass-matrix composites was increased
-Nangers. . PP ons, copp om 560 to 660 MPa when the composites were made
composites made by either coated filler method or ad;

mixture method and containing25 vol% SiCw are lr:Jnye:L\gdcoated filler method instead of the admixture
recommended. For applications requiring high strength The brass-matrix composites and copper-matrix

(T:'ts? hﬁl?e;llrlhcimp{essalg 3(’3',{?\'/(; strtingtgr) an_dmrgt? s('composites, both made by the coated filler method,
cerately nig ermaf condu y, the brass ere similar in both hardness and compressive yield

composite fabricated by the coated filler method an P .
containing 47 vol% SiCw is recommended, although al- trength at>35 vol% SiCw, but the former exhib

. ) 0
most as good is the copper-matrix composite fabricate@ed higher such properties than the lattera6 vol%

X o iCw. The CTE was lower for the brass-matrix com-
m 0,
by the coated filler method and containing 50 VOI/Oposites than the copper-matrix composites a5 vol%

3.8. Applications requiring high thermal
conductivity and high strength

Applications requiring high thermal conductivity

(>200 W/m°C) and moderately high strength include

SiCw. SiCw. The thermal conductivity was lower and the
o . ) electrical resistivity was higher in brass-matrix com-
3.9. Applications requiring low electrical posites than copper-matrix composites, both made by
resistivity and high strength the coated filler method, except that the thermal con-

For applications requiring low electrical resistivity ductivity at>50 vol% SiCw was similar or lower for

(<10x 10°©-cm) and high strength, such as weld- the brass-matrix composites than the copper-matrix
ing electrodes, the copper-matrix composite made by.omposites.

the coated filler method and containing 38 vol% SiCw s
recommended. For applications requiring low resistiv-
ity (<16 x 1(r6'§2-cm) and high strength, the copper- References
matrix composite made by the coated filler method and. p. viH andb. bD. L. CHUNG, J. Mater. Sci, 31 (1996) 399.
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4. Conclusion
Brass (Cu-18 Zn)-matrix and copper-matrix compos-Received 19 May 1997
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