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In this work, superhard Cu-B based composite has been prepared by reducing reaction of B, O3 with Cu-Al
melt. Moreover, the microstructure, microhardness, resistivity and CTE of Cu-B based composites has
been studied. It has been found that B-rich compounds can be formed by reducing reaction occurred in the
Cu-Al melt: [Al] +B,03 — [B] + Al,05. The precipitation of B-rich compound may change the preferential

growth plane of Cu matrix in Cu-B based composite. The average microhardness of the B-rich compound
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in Cu-10B alloy is 2763 HV, which is much higher than that of pure Cu. Moreover, CTE of Cu-10B alloy is
much smaller than that of pure Cu, and the Cu-B composite has pretty good resistivity.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The need for materials with high thermal conductivity and low
coefficient of thermal expansion (CTE) is increasing as laser diodes
and central processing units continue to require ever more special
physical and mechanical properties. Since Cu metal matrix materi-
als are expected to have special physical and mechanical properties,
studies on the synthesis and characterization of Cu metal matrix
composites have attracted increasing interest. Al,03 [1-4],ZrO, [ 5],
MoSi, [6], SiC [7-9] particles reinforced Cu metal matrix compos-
ites synthesized by different methods have been investigated for
their excellent properties. In addition, diamond and boride ceram-
ics possess many desirable properties, such as high hardness, high
melting temperature, high modulus and high corrosion resistance
[10-13], and these make them to be potential reinforcement can-
didates in copper matrix composites.

Although the properties of the Cu-diamond composites are
excellent, the synthesis methods are mainly sintered, so they are
relatively low thermal stability. The hardness of boron is very high,
and it is also suitable for reinforcing the Cu matrix. However, pure B
are always used during the preparation of Cu-B based composites
[12,13], and it makes the preparation cost highly.

In the present work, B,03 is used to prepare Cu-B based com-
posites, and the Cu-B based composites are prepared by reducing
reaction of B, O3 with Cu-Al melt. In addition, the microstructures,
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microhardness, resistivity and CTE of Cu-B based composites will
be studied.

2. Experimental

The experimental materials used in this study were pure Cu (>99%, all compo-
sitions quoted in this work are in wt.% unless otherwise stated), pure Al (>99.99%),
pure Si (>99%) and blocky B, 0. The preparation of Cu-B based composites was car-
ried out according to the following procedure: (a) Pure Cu and pure Al (weight ratio
5% and 10%) for each test, weighting approximately 300 g were melted in an Al,03
crucible using high-frequency induction furnace at about 1300°C. (b) Then 1% pure
Si and blocky B,03 were added into the Cu-Al melt (the atomic ratio of B,03 and
Al was 1:2), stirred by graphite bar for 15 min. (c) The melt was poured into a steel
mould, and cooled in the air.

Metallographic samples were mechanically ground and polished through stan-
dard routines. The microstructures of Cu-B based composites were observed and
analyzed by SU-70 Scanning Electron Microscope (SEM). Phase identification was
performed using X-ray diffraction. Microhardness was analyzed by HVS-1000 Dig-
ital Microhardness Tester, and the load was 50 g. Resistivity was measured using
double-configuration four-point probe by H2ERM-1 resistance measuring device,
and samples for resistivity test were machined with a size of 8.5 x 33 mm?3. CTE
of Cu-B composites were investigated by a Netzsch DSC 404 calorimeter using pure
In and Zn standards, and the detailed measurement processes to obtain the specific
heat capacity were given by Bush and Johnson [14].

3. Results and discussion
3.1. Microstructures of Cu-B based composites

Microstructures of Cu-B based composites are observed by SU-
70 SEM, as shown in Fig. 1. It can be found that a large number of
reinforcing compounds distribute in the Cu matrix, and the amount
of compounds increases with increasing addition level of Al and
B,05. More details of Cu-10B based composites are analyzed by
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Fig. 1. Microstructures of Cu-B based composites (a) Cu-5B and (b) Cu-10B.

SU-70 SEM, as shown in Fig. 2. Fig. 2(b) shows the EDX of reinforc-
ing B-rich compounds. The EDX result reveals that elements B, Al
and Cu constitute the precipitated particles, with element atomic
proportion B94.32%, Al 3.01% and Cu 2.67%. Fig. 2(d) shows the EDX
of matrix of Cu-10B based composites. It can be found that besides
Cu, a small quantity of elements Al, Si and O can also be found in
the Cu matrix. So it can be deduced that reducing reaction occurred
in the Cu-Al melt:

[Al] + B,03 — [B] + Al,03

Since the proportion of B in the B-rich compound is particularly
high, it can be deduced that most of Al has been reacted with B, O3 in
the Cu melt. Moreover, small amount of Al and Si are solutionizing
in the Cu matrix.

' Electron Image 1

3.2. XRD analysis of Cu-B based composites

More details of the obtained Cu-10B composite alloy are ana-
lyzed by XRD. Fig. 3 shows the XRD analysis of the Cu-10B based
composite, and the XRD result reveals that the main components of
the obtained composite are Cu and B-rich compounds as expected.
Moreover, special attention has been paid to the parameters of XRD
results. Table 1 shows the crystal lattice parameters of Cu matrix in
Cu-10B composite alloy. It can be seen from Table 1 that the inter-
planar spacing in this work s a little larger than that of Davey’s work
[15], and the closed packed plane has been changed. In Davey’s
work [15], the closed packed plane of Cuis (11 1), while it has been
changed to (2 2 0) in this work. It can be deduced that the solution in
the Cu matrix makes the interplanar spacing larger, and the precip-
itation of B-rich compounds may change the preferential growth
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Fig. 2. SEM analysis of the phases in Cu-10B alloy (a) microstructure of Cu-10B alloy, (b) EDX analysis of dot 1, (c) microstructure of Cu-10B alloy, and (d) EDX analysis of

dot 2.
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Fig. 3. XRD analysis of the Cu-10B based composite.
Table 1
Crystal lattice parameters of Cu in Cu-B based composite.
Peak list din Ref. I'in Ref. d in this I'in this
(hkl) [15] [15] work work
111 2.08 100 2.1054 15
200 1.80 86 1.8288 11
220 1.27 71 1.2880 100
311 1.09 86 1.0993 30

plane of Cu matrix in Cu-B based composite in this work. How-
ever, the exact influence mechanism needs to be further studied.
Furthermore, the XRD peaks of B-rich compounds in this work are
different from pure B, pure Al and AlB,, and it has its own crystal
structure and crystal parameters.

Fig. 4 shows the XRD analysis of the dross during preparation
of Cu-10B based composite. Al,03 and B,03 can be found in the
dross during preparation of Cu-10B based composite. So it can be
confirmed that reducing reaction has occurred in the Cu-Al melt:

[Al] + B,03 — [B] + A1203

The density of Al, O3 is lower than that of Cu, so most Al, O floats
on the surface of the Cu melt. When the melt was poured into the
mould, most Al, 03 transformed into dross, and it cannot be found
in the microstructure of Cu-B alloy. The B,03 in the dross is what
has not been reacted.
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Fig. 4. XRD analysis of the dross during preparation of Cu-10B based composite.

Table 2
Microhardness and resistivity of Cu-10B based composite.

Average microhardness (HV) Resistivity (€2 m)

B-rich compound Cu matrix

Cu-10B 2763 695.6

8x 1077

Fig.5. Optical microscope image with indent on the B-rich compound and Cu matrix
(a) indent on the B-rich compound and (b) indent on the Cu matrix.

3.3. The microhardness, resistivity and CTE of Cu-B based
composite

Microhardness of pure Cu, the B-rich compound and Cu matrix
in Cu-10B based composite has been measured by HVS-1000 Dig-
ital Microhardness Tester, as shown in Table 2, and the optical
microscope image with indent on the B-rich compound and Cu
matrix is shown in Fig. 5. The microhardness of the B-rich com-
pound in Fig. 5 is 2806 HV. The microhardness of the pure Cu is
123 HV, but the microhardness of the Cu matrix solutionized by
Al, Si and O in Cu-10B alloy can reach 695.6 HV, which has been
improved by 465.5%. Moreover, the max microhardness of the B-
rich compound in Cu-10B alloy can reach 2973 HV, and the average
microhardness of the B-rich compound in Cu-10B alloy is 2763 HV.
So it can be seen that the hardness of the Cu-10B composite has
been improved significantly as compared to those of pure Cu.

The resistivity of Cu-10B composite have been tested using
double-configuration four-point probe by H2ERM-1 resistance
measuring device at 20°C, and the resistivity has been calculated
according to p=RA/[L, where p is resistivity, R is electric resistance,
A is cross-sectional area and L is the length of sample. As shown in
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Fig. 6. CTE analysis of pure Cu and Cu-10B alloy.
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Table 2, the resistivity of Cu-10B composite is 8 x 10~7  m, which
is a little higher than pure Cu at 20°C. So the Cu-B composite has
pretty good resistivity.

In addition, the CTE of pure Cu and Cu-10B has been measured
in this work, as shown in Fig. 6. It can be seen that the CTE of Cu-10B
alloy is much smaller than that of pure Cu. The maximum CTE of
pure Cu is 2.6 x 10~6 at about 152 °C, while the maximum CTE of
Cu-10B alloy is 2.25 x 10-6 at about 157 °C, which is much lower
than that of pure Cu. Based on above discuss and results, it can be
seen that the Cu-B based composites have higher hardness, lower
CTE and pretty good resistivity, compared to pure Cu.

4. Conclusion

In this work, Cu-B based composites have been prepared by
reducing reaction of B, 03 with Cu-Al melt, and B-rich compounds
can be formed by reducing reaction occurred in the Cu-Al melt:
[Al] +B;03 — [B] + Al 03. The solution in the Cu matrix makes the
interplanar spacing larger, and the precipitation of B-rich com-
pounds changes the preferential growth plane of Cu matrix in
Cu-B based composite. The average microhardness of the B-rich
compound in Cu-10B alloy is 2763 HV, and the hardness of the
Cu-10B composite has been improved significantly as compared
to those of pure Cu. Moreover, CTE of Cu-10B alloy is much smaller
than that of pure Cu, and the Cu-B composite has pretty good
resistivity.
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