Ceramics International 30 (2004) 401-404

CERAMICS

INTERNATIONAL

www.elsevier.com/locate/ceramint

Preparation and characterization of coated nanoscale Cu/SiC,
composite particles

Rui Zhang®®, Lian Gao®*, Jingkun Guo®

aState Key Lab of High Performance Ceramics and Superfine Microstructure, Shanghai Institute of Ceramics,
Chinese Academy of Sciences, Shanghai 200050, China
®College of Materials Engineering, Zhengzhou University, Henan 450003, China

Received 18 April 2003; received in revised form 29 April 2003; accepted 2 June 2003

Abstract

Nanoscale Cu/SiCp composite particles were prepared using a coating method. XRD, AES, SEM, DSC-TG-MS techniques were
used to characterize the coated composite particles. It was found that a core-shell structure is constructed in the coated Cu/SiC
composite particles with the core of SiC and the shell of Cu. A new layer of Cu,O is created on the surface of the coated particles
due to the oxidation of nano Cu crystallites. The expected sintering temperature for the coated Cu/SiC composite particles is below

950 °C.
© 2003 Elsevier Ltd and Techna S.r.1. All rights reserved.
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1. Introduction

In recent years, Cu/SiC composites have received
considerable attention to meet the challenges of thermal
management in the rapidly increased power of advanced
electronics. They offered a great potential for uses in
high-temperature structural applications and electronic
packing due to the superior heat-conductive, electric-
conductive and heat-releasing natures [1-3]. The poor
compatibility between SiC and Cu was the most concern
in the preparation of Cu/SiC composites [4,5]. Many
efforts have been focused on the development of com-
patibility-enhancing procedures. Coating technology
(instead of an admixture method) was one of the
appreciable ways [6-9]. Nevertheless, most of the as-
reported copper/SiC composites were prepared by coat-
ing copper on SiC whiskers or particulates in dimen-
sions of microns. No open literature about coating
copper on nano SiC particles had been reported thus far.
Strategically, nano copper/SiC, composite particles
might be more attractive, since unique electrical, thermal,
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mechanical properties had been found in nano-
structured composites [10,11].

In this study, an electroless coating method is used to
prepare nano Cu coated SiC particles. The surface con-
dition and sintering behavior of the coated composite
particles are investigated.

2. Experimental

SiC particles (~120 nm in average diameter; China
Huatai Group) were commercially available. Cu was
obtained by displacing Cu?" ion with Zn powder dur-
ing a cementation reaction. The ratio of Cu to SiC is
75:25 (vol.%). During the coating process, the aqueous
suspension at pH 2 containing the SiC particles was
ultrasonicated for 30 min and blended into a saturated
CuSOy solution in a round-bottomed flask. The flask
was mounted onto a rotating apparatus at a 45° angle.
Two-thirds of the flask was immerged in a 30 °C water
bath. Very fine particles (or crystallites) in the solution
precipitated as the flask rotated centrifugally. After 10
min, the high-purity Zn powder was added to the flask.
The relative amount of Cu/SiC to Zn powder was 53:47
(wt.%). The rotation rate was ~240 rpm (round per
minute). After 30 min, the final deposition of particles
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was filtered, rinsed, and dried at 80 °C. The morphology
of particles was observed using a field-emission scanning
electron microscope (SEM; Jeol JSM-6700F). Surface
elements of coated particles were detected by Auger
electron spectra (AES; Microlab 310-F). Phases in the
coated composite powders were identified by X-ray
(Cuk,) diffraction analysis (XRD; D/MAX - 2550V,
Rigaku Tokyo, Japan). The surface composition of
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Fig. 1. The XRD pattern of the coated composite particles.
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Fig. 2. The AES patterns of the coated composite particles corres-
ponding to 5 different areas (1x1.2 pm).

different samples was confirmed through the zeta
potential measurement (Zetaplus, Brookheaven, NY).
The average particle size was estimated according to
Scherrer formula:

D = 0.894/(Bcosb) (1)

where D is the average diameter of the grains, 4 the
wavelength of X-ray, = (B—0.15) the full width at half
maximum of the diffraction line (111), 6 the Bragg
angle. The sintering behavior of the coated Cu/SiC,
composite particles was determined using the differ-
ential scanning calorimetry (DSC) and thermo-
gravimetry (TG) (STA 449C, Netzsch, Germany),
coupled with quadrupole mass spectrometer (MS)
(QMG-511, Balzers, Switzerland) (DSC-TG-MS). The
heating was conducted in flowing Ar gas (20 ml/min
flow) with the heating rate of 10 °C/min. Al,O5 crucible
was employed as the reference material.

3. Results and discussion

Fig. 1 shows the XRD pattern of the coated compo-
site particles, indicative of the presence of Cu, Cu,O and
SiC. The inherent Cu,O is formed due to the instanta-
neous oxidation of Cu during the coating process [12].
The AES patterns of different areas in dimension of
~1x1.2 um are given in Fig. 2. Note that Si, C, Cu, and
O co-exist in different areas and that the intensities of
corresponding peaks for different areas show no
obvious deviation. This implies the even distribution
between SiC and Cu phases in the composite powder.

The morphologies of original SiC and the composite
particles are shown in Fig. 3. Different from the original
SiC particles in Fig. 3(a), the composite particles consist
of very fine adherent Cu crystallites on SiC. The Cu
crystallites, whose average diameter is ~50 nm, adhere
to SiC particle(s) by physical bonding. Even though the
physical bonding types between the inert SiC and Cu

Fig. 3. The morphology of (a): SiC original particles and (b): Cu/SiC composite particles.
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Fig. 4. Changes in zeta potential versus pH of different samples.
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Fig. 5. The DSC-TG curves of the coated Cu/SiC composite particles.

particles are not now fully understood, one of which
Van der Waals’ attractive forces may function. Mean-
while, the mechanical entrapment might be enhanced
through the possible micro surface deformation of the
nano Cu crystallites during the coating process. When
the settling nano Cu crystallites, which differ structu-
rally and characteristically from the crystalline or glassy
state, touch the rotating rigid SiC particle, an instanta-
neous shear strain might possibly occur at the surface of
Cu particle due to the combined effects of relative slid-
ing and the ductility of the nano Cu crystallites [10].
Consecutive steps can be plausibly imagined during the
coating process: (1) one Cu crystallite settles and con-
tacts the rotating SiC particle; (2) the Cu crystallite
nucleates on the surface and adheres onto the SiC. Once
the Cu crystallite is adsorbed, the fluid flow in the vici-
nity of the rotating SiC particle will be disturbed and an
instantaneous negative pressure will be locally generated
back to this raised adsorbed Cu crystallite. More Cu
crystallites will be sucked and kink to each other suc-
cessively and incorporate along the SiC particle [13].
Therefore, a core-shell structure is constructed in the
coated composite particles with the core of SiC particle(s)
and the coating shell of nano Cu crystallites.

From the changes in Zeta potential of different parti-
cles shown in Fig. 4, the isoelectric point of the coated
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Fig. 6. The MS curves of the coated Cu/SiC composite particles.

composite particles appears at pH 3.6, shifting from pH
7.4 for SiC to pH 3.5 for Cu,O. Meanwhile, the Zeta
potential value is more close to that of Cu,O rather than
that of SiC. This demonstrates that a new surface of
Cu,O0 is created on the coated Cu/SiC composite parti-
cles. The Cu,O content could be estimated according to
the solubility of air in the aqueous solution at the given
temperature. The average diameter of the resultant
coated composite particles is ~270 nm.

Fig. 5 shows the DSC-TG-MS profiles during the
heating process. Two obvious endothermic peaks
appear at 850 and 900 °C, respectively. Oxygen is
detected to release at 850 °C, as shown in Fig. 6, which
arises from the decomposition of CuO. Although no
CuO (or less than 5 wt.%; within the resolution limit of
XRD) is detected in the starting coated particles, it can
be formed through the oxidation of Cu,O (and/or cop-
per) with the entrapped oxygen during the heating pro-
cess. The decomposition of CuO at 850 °C leads to a
weight loss of about 1.0%. The latter endothermic peak
implies the melting of Cu,O/copper eutectic at 900 °C
since no corresponding weight loss occurs [14]. It is
noticed that, due to the abnormal specific surface arca
of the nano particles, the temperature at which CuO
decomposes or Cu,O/copper melts is much lower than
that reported in the phase diagrams [15,16]. From the
changing trend of the DSC curve, a large exothermic
peak is supposed at above 950 °C. Correspondingly, the
MS curve in Fig. 6 reveals that substantial carbon and
CO, are formed. This indicates that silicon enters into
the solution of liquid copper beyond 950 °C and reacts
with copper. As a result, graphite is created [4,17,18].
Therefore, for the Cu/SiC composite particles, the reac-
tions in the system SiC—Cu—Cu,O-C may occur dur-
ing the heating process. It should be mentioned that
the reaction of SiC with copper is very detrimental to
the composite as it brings about a decrease of the
mechanical properties and should be prevented [19].
Therefore, the desired sintering temperature for the
coated Cu/SiC composite particles is lower than
950 °C.
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4. Conclusion

A core-shell structure is constructed in the coated
nanoscale Cu/SiC composite particles with the core of
SiC and the shell of Cu. A new layer of Cu,O is created
on the surface of the coated particles due to the oxida-
tion of nano Cu crystallites. The expected sintering
temperature is below 950 °C.
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