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Abstract

Cu-coated Al,O3 composite powders were synthesized by using the electroless plating method. The influence of the components proportion and
the pH value of the plating solution on the Cu layer were analyzed with XRD and SEM. The results showed that the proportion of the plating
solution components plays an important role for synthesizing the Al,03/Cu composite powders. The content of copper in the composite powders
could be effectively controlled by adjusting the content of copper sulfate and formaldehyde in the plating solution. Furthermore, the pretreatment of
the Al,O; powders is also a key factor to form a uniform Cu layer coating Al,Oj; particles. The optimum technical parameters for producing Al,O3/

Cu composite powders with uniform Cu coat were obtained.
© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Al,O; has been widely used in many fields due to its
excellent mechanical properties, high hardness, excellent anti-
corrosion and wearable characteristic. However, in some
situations, the toughness, the electric conductivity and thermo-
conductivity of the ceramic need to be enhanced [1-3]. Making
suitable Al,Os;/metal composite powders is a key step to solve
the problems. However, one difficulty of fabricating Al,O3/
metal composite powders is the poor wettability between the
Al,O3 particles and metals [4,5]. Metal-coated ceramics
particles with a ceramics core and a metallic shell can improve
the wettability between the metal and the ceramics [6,7].
Among the preparation of metal-coated ceramic powders,
Al,03/Cu composites have attracted considerable researcher’s
attentions [8,9]. In general, metal coating can be prepared by
many ways, such as precipitation, ball milling, electroless
plating and reduction [10]. As for these methods, electroless
plating has been recognized as one of the most effective
techniques [11], which is based on the controlled autocatalytic
reduction of metallic salt on target surface [12—-16]. The
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composite powders prepared by this method have good
dispersivity and the metal content in the powders can be also
controlled effectively [17,18]. In our study, the electroless
plating method was used to synthesize Cu-coated Al,O;
particles. According to the analyses of the samples we found
out a promising pretreatment and plating process, which could
result in a uniform coat of Cu particles on each Al,O5 particle.

2. Experimental
2.1. Pretreatment of Al,Oj3 particles

Al,O5 particles (Al,O5; powder from market) were used as
the cores of the composite powders in the electroless plating.
SEM (Fig. 1) examination revealed an irregular and polyhedral
shape of the ceramics crystal with a clean and smooth surface of
grains. The particles have a size distribution in the range of 3—
5 pm, approximately. XRD pattern indicated the powder is pure
a-Al,O3. In order to activate the surfaces of the particles, the
particles must be pretreated. In this work, the Al,O5 particles
were pretreated as follows:

(a) Surface cleaning: The Al,O; particles were immersed into
sodium hydroxide solution for 10 min to clean their
surfaces.
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Fig. 1. SEM images of the Al,O3 powder.

(b) Etching: The cleaned Al,O5 particles were immersed in
boiling hydrochloric acid for 15 min to coarsen their
surfaces to improve the adhesion between the Al,O3 and
copper particles.

(c) Activation: The Al,O;5 particle surface is non-conducting,
so the activation is necessary to improve its catalytic
property. One-step sensitization-activation was introduced
in this work. The etched Al,Oj3 particles were immersed in a
palladium activation solution consisting of palladium
chloride PdCl,(0.3 g/1), stannous chloride SnCl,-2H,0
(16 g/1), sodium chloride NaCl (150 g/l) and hydrochloric
acid HCI (60 ml/1), and stirred strongly at room temperature
for 15-20 min.

(d) Peptization: The powder after activation was put into
sodium hypophosphite solution and stirred for 15 min to
remove the bivalent tin on the surface of micelle and make
the palladium atoms expose, which would become the
catalytic activity in the future electroless plating process.

After each step mentioned above, the powder was repeatedly
washed using distilled water until pH =7, and was dried after
last step in an oven at 80 °C for 12 h.

2.2. Eletroless plating process

The copper plating solution is composed of copper sulfate
solution (20-28 g/l CuSO4-5H,0, 30 g/l EDTA-2Na, 14 g/
1 C4H,O6KNa-4H,0 and 10 mg/l K4[Fe(CNg)]-3H,0) and
formaldehyde solution (24-30 ml/l HCHO, 100 ml/l CH;OH
and 16 g/l NaOH). Plating was carried out at 30 °C in a
container with ultrasonic wave generator (CQF-50 CSIC
Corp.). During the reaction process, the pH value of the system
was kept as a constant by adding NaOH solution. The
experiment set is shown in Fig. 2. Mechanical rabble and
ultrasonic are necessary to make Al,Oj3 particles suspend in the
solution and make the hydrogen produced during plating easily
escape. After plating, the power was washed with distilled
water and then dried in an oven at 80 °C for 12 h. The weight
increment was determined by the calculation AW =W, — W,
where W, is the mass of Cu-coated powder and W is the mass
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Fig. 2. Experiment set for the ultrasonic electroless plating.

—
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of Al,O5; powder before coating. The experiment was repeated
several times to check the repeatability of the results and data of
5 experiments result were statistic.

The phase composition was analyzed by X-ray diffraction
(XRD, PANalytical, Holland). The morphology of the powder
was observed by using scanning electron microscope (SEM,
JEM, Japan).

3. Results and discussion
3.1. Effect of the plating solution prescription

Fig. 3 shows the influence of CuSO,4-5H,O content in the
plating solution on the copper content in the produced Al,Os/
Cu powder. It shows that the weight increment increased with
the increase of the content of CuSQO4-5H,0. So the Cu content
in the composite Al,O3/Cu powder can be controlled by
controlling that of CuSO,4-5H,0. It was also found that the
gestating time became shorter with the increase of the content
of CuSO4-5H,0. However, if the content of CuSO4-5H,0O was
very high (this is commonly called as spontaneous decom-
position of the solution) copper particles would not well coated
the surface of the Al,Oj3 particles, which was unfavorable for
obtaining a uniform Cu coating layer. Therefore, the content of

3.6

sl
ol
3.0F
2.8 —

2.6

weight increment (g/1)

24+

22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 16 18 20 22 24 26 28 30 32 34

content of CuSO4- SH20 (g/l)

Fig. 3. Effect of the content of CuSO,4-5H,0 on the weight increment.
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Fig. 4. Effects of the formaldehyde content on the weight increment and plating
speed.

CuS0O,4-5H,0 should be controlled in an appropriate range. Our
result indicated that the suitable content of CuSO4-5H,0 is
about 30 g/1.

Fig. 4 shows the influences of formaldehyde content in the
plating solution on the weight increment and on the plating speed
respectively. From Fig. 4 we can see that changing the content of
formaldehyde will not obviously affect the weight increment.
However, we can also see that before the formaldehyde content
reach 30 ml/1 the plating speed increases greatly with the increase
of the formaldehyde content. After the formaldehyde content
beyond 30 ml/l, the increment of the plating speed becomes
slower with the increase of the formaldehyde content. The reason
of this phenomenon is possibly as follows: during the electroless
plating process, the overall reaction is

Cu?>" +2HCHO + 40H™ — Cu| + 2HCOO™ +H,1 + 2H,0

It can be seen from the reaction that the high concentrations of
formaldehyde can increase the driving force of reaction and
result in the increase of the plating speed. On the other hand, the
reaction speed is also controlled by the concentration of
CuS0O,4-5H,0 and pH. In our experiments the initial pH value
and the concentration of CuSQO4-5H,O were fixed. When the
formaldehyde content is low, the reaction speed is controlled
mainly by formaldehyde. With the increasing amount of form-
aldehyde more electrons will be provided, so the reaction speed
increases. But the spontaneous decomposition of the solution
would become more intense with increasing formaldehyde
content, which prolongs the reaction time and reduces the
weight increment. This, in turn, results in a depression of
the plating speed. We think that is why adding more formalde-
hyde will not obviously increase the plating speed when the
formaldehyde content exceeds a certain value (30 ml/l in our
cases). The most suitable content of formaldehyde in our
experiments is about 24 ml/l.

3.2. Effect of the pH value on the process of plating

The action of formaldehyde is affected by the pH value of
the plating solution. When the pH value was less than 11, the
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g. 5. Effect of different pH on the gestating time.

reaction was not observed in 4 h in our experiments. Only if the
pH value of the solution was greater than 11 it had the reduction
ability. The pH value was adjusted by the sodium hydroxide
solution in the experiments. With the increase of the pH value
the driving force of reaction and the nucleation rate increase,
and the reaction becomes much easy, which will shorten the
gestating time. Fig. 5 shows the effect of different pH values on
the gestating time. When the pH value was between 11.5 and
12.5, the gestating time was in the range of 10-20 min. And the
following reaction would take place smoothly and spontaneous
decomposition of the solution did not appear during the whole
process. No free copper particles and uncoated Al,O; particles
were found in the composite powder.

At the higher pH value (12.5-13.5) the gestating time
shortened. But the side reaction accelerated. Fig. 6 shows the
XRD patterns of Al,O5/Cu at different pH values. The results
indicated that the Cu,O was formed when the pH value was
higher than 12.8. The solution color became darkening after
reaction and there was elemental copper attached to the beaker
wall. Fig. 7(a) shows the SEM photograph of Al,0O5/Cu powder
at the pH = 13.6. The small particles were the segregation of
free copper. It is clear that most of the Al,O; particles were
uncoated. When the pH = 14, the gestating time was nearly
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Fig. 6. XRD patterns of Al,O3/Cu at different pH values.
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(a) pH=13.6

(b) pH=11.5

Fig. 7. SEM images of the composite powders (a) pH = 13.6 and (b) pH=11.5.

zero. The plating solution spontaneously and completely
decomposed, and the reaction lasted only a very short time.
Because of the continuous depletion of sodium hydroxide in the
whole reaction process the pH value became gradually lower. It
was necessary to add the sodium hydroxide solution constantly
during the plating process in order to maintain the pH value
between 11.5 and 12.5.

Fig. 7(b) shows the overall morphologies of Al,O3/Cu
powder produced by our optimum process with pH = 11.5. It
shows that there are almost no free copper particles and no
uncoated Al,Oj3 particles. Meanwhile, the powder produced by
the optimum process also shows a good dispersivity.

4. Conclusions

The surface of each Al,O5 particle has been successfully
coated by Cu particles by using eletroless plating. The Cu layer
covering an Al,O5 particle was controlled by the content of
CuSO4-5H,0. The proportion between CuSO4-5H,0O and
formaldehyde as well as the pH value were found to play an
important role in the uniformity of copper layer coating Al,O5
particles. The most suitable content of CuSO,4-5H,O and
formaldehyde are 30 g/l and 24 ml/l respectively. The prefer-
able pH value scale ranges from 11.5 to 12.5. With these
optimum conditions fine and uniformly Cu coated Al,O;
composite powder can been obtained.
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