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ABSTRACT

1n this study, the A10:~Cu cure-shetl nanocomposite, thin metallic films coated coramic particles, was Babrcated by
Electroless plating of Cu on AL, particles and subsequently conventional sintering, This kind of nunocempusites
can be used as the catalysts, electromagnetic wave absorbing materials, cleclrudes i fuel cells and cte. becise of
its excellent properties such as gouod clectrical and thermal conductivitics, excellent resistance to high woiperatur
annealing, excellent corrosion and wear resisiance. At first, a thin metallic film is deposited unte cerame pucticlus,
using the Ilectroless depasition, in order 1v claborate a vomposite powder. and than the coated panticles were culit
pressed at 100- SO0 MPa and sintering was conducted at ditterent {emperature of 900 - 110D "0 will il lerent
atmosphere (uir and Argon gas). The influence of various parameter such as effects off preireaunents. PIL
temperature, time and chemical composition m the plating bath, Al-O, powder concentration and AlLGY pawader wise
{micron and nanosized) on the uniformity, thickness and composition of coated Tayer were tivestipated e jesults
shaw thal it is possible to fabricate Cu/alumina carg-shell powder materials by electroless plating welinrpue Al it
was found that the sizes of Cu on ALO; particles are between several and several hundreds of nanometers. while e
wmaunt of coating vn the powders as increases as lemperature and PH inercase.
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INTRODUCTION

Core shell structura) composites, thin niclallic s
comed ceramic particles, arc an attractive kind of
ceramic matrx composite due to their combined
chunzcleristivs of aetals and cerumic matrix  with
improved Junctional and mechanical properties [1].
This kind of composites are fabricated by sulid state
methuds such as ball milling, liquid stale methods
such as sol gel, Flectroless deposition (ED} and
precipitation deposition, and yapor deposition such us
PYDand CVD. Among these methods, the clectroless
coating has been gecopnized as one of the most
cifeclive  techniyues  for  preparing metal-coated
verumics powders due 1o the its advantages such as
even dispersion of the metal cowting, vasy control off
the coating thickness and nendcpendence on the
clectrical properties of the substrate [2-4).

I aleis stidy, the ALCH-Cu vore-shell nanoeomposite
wits labricuted by clectroless plating of Cu on AlLO,
particles and  subsequently  conventiomal  sinering.
This kind of nanocomposites van be used as the
catalysts. cleclromagnetic wave absorbing materials,
electrodes in luel cells, thennal protective coatings ol
air engings, contact materials in relays, contactoes,
swilches, circuit breaks, clectronic packaging, high
cirreal brush and  ete, because of its  exeelient
propertics such  as good  clectrical and  thermal
conductivities,  excellent  resislance 1o high
femperature anoealing. exeellent corrosion and wear
rosistanee,  high  bonding  streneth,  excellent

and  controllable  maenctic propeities

Bl

weldability,
through suituble heat treatment | 5.

EXPERIMENTAL

("nppcr was cogted on the surtice ul A4, pantacles
through  an
Electroless deposttion, o thin metallic [ilm is deposiiad
onfo ceramic particles in ourha 1o elibeaane o
fcomposite powder’, Beeiuse ol chemival inerting-s nl
ALD, punicles, at fisst they wore protreated be ok
catalytic  activity. The
perlormied in these stuges:
{13 Washing: Tn order to tmprove the wdhorence ol the
coatings and remuve impneites on e sorkee, The
AlOy purticles were linit washed macetone solution
Ty magnetic stierer and deicd 0 an ane leader ag 110 7
far 1S min.

{ii) Coursening: (o obtain o rough surkeee aml inecise
the speciﬁu surlace area and hydmphilia' pesperty of
the particles.  the powders  were ciehed by
hydrophilic solution o 180 k] - and 18H ol 1)
by magnetic stirrer fr 5 min o of roam lensperiingy
Allerwards, the powder was cleaned with e inized
wirter [or several times.

{in} Sensibilisation: fur chicmiserphon el Snen by
surtace of ALO, particles. the coinsad posvders e
submereed in o the  sensitization bydrochlane il
solution of 10 @0 Sa€’l-and 30 ml TCT by nsapenenic
sticrer for 30 min and at reom empesinoe Then the
poweers were washed in distillesd warer.

electanloss u);»\linj'_ prowess I the

predecabimenl had o been
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ABSTRACT

In this study, the Al,Os—Cu core-shell nanocomposite, thin metallic films coated ceramic particles, was fabricated by
Electroless plating of Cu on Al,O5 particles and subsequently conventional sintering. This kind of nanocomposites can
be used as the catalysts, electromagnetic wave absorbing materials, electrodes in fuel cells and etc, because of its
excellent properties such as good electrical and thermal conductivities, excellent resistance to high temperature
annealing, excellent corrosion and wear resistance. At first, a thin metallic film is deposited onto ceramic particles,
using the Electroless deposition, in order to elaborate a composite powder, and than the coated particles were cold
pressed at 100- 500 MPa and sintering was conducted at different temperature of 900 - 1100 °C with different
atmosphere (air and Argon gas). The influence of various parameter such as effects of pretreatments, PH, temperature,
time and chemical composition in the plating bath, Al,O; powder concentration and Al,O3; powder size (micron and
nanosized) on the uniformity, thickness and composition of coated layer were investigated. The results show that it is
possible to fabricate Cu/alumina core-shell powder materials by electroless plating technique. Also it was found that the
sizes of Cu on Al,Oj; particles are between several and several hundreds of nanometers, while the amount of coating on
the powders as increases as temperature and PH increase.
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INTRODUCTION

Core-shell structural composites, thin metallic films
coated ceramic particles, are an attractive kind of
ceramic matrix composite due to their combined
characteristics of metals and ceramic matrix with
improved functional and mechanical properties [1]. This
kind of composites are fabricated by solid state methods
such as ball milling, liquid state methods such as sol—
gel, Electroless deposition (ED) and precipitation
deposition, and vapor deposition such as PVD and
CVD. Among these methods, the electroless coating
has been recognized as one of the most effective
techniques for preparing metal-coated ceramics powders
due to the its advantages such as even dispersion of the
metal coating, easy control of the coating thickness and
nondependence on the electrical properties of the
substrate [2-4].

In this study, the Al,O;—Cu core-shell
nanocomposite was fabricated by electroless plating of
Cu on Al,O; particles and subsequently conventional
sintering. This kind of nanocomposites can be used as
the catalysts, electromagnetic wave absorbing materials,
electrodes in fuel cells, thermal protective coatings of
air engines, contact materials in relays, contactors,
switches, circuit breaks, electronic packaging, high
current brush and etc, because of its excellent properties
such as good electrical and thermal conductivities,
excellent resistance to high temperature annealing,

excellent corrosion and wear resistance, high bonding
strength, excellent weldability, and controllable
magnetic properties through suitable heat treatment [5-
7].

EXPERIMENTAL

Copper was coated on the surface of Al,O3 particles
through an electroless coating process. In the Electroless
deposition, a thin metallic film is deposited onto
ceramic particles in order to elaborate a ‘composite
powder’. Because of chemical inertness of Al,O3
particles, at first they were pretreated to obtain catalytic
activity. The pretreatment had been performed in these
stages:

(i) Washing: In order to improve the adherence of
the coatings and remove impurities on the surface, The
Al,O; particles were first washed in acetone solution by
magnetic stirrer and dried in an air heater at 110 °C for
15 min.

(if) Coarsening: to obtain a rough surface and
increase the specific surface area and hydrophilic
property of the particles, the powders were etched by a
hydrophilic solution of 100 ml/l HF and 100 mi/l HCI
by magnetic stirrer for 5 min and at room temperature.
Afterwards, the powder was cleaned with de-ionized
water for several times.

(iii) Sensibilisation: for chemisorption of Sn on the
surface of Al,O; particles, the coarsed powders were
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submerged in the sensitization hydrochloric acid
solution of 10 g/l SnCl, and 50 ml/l HCI by magnetic
stirrer for 30 min and at room temperature. Then the
powders were washed in distilled water.

(iv) Activation: for chemisorption of Pd onto Sn
clusters, the powders were submerged in the
hydrochloric acid solution of 0.25 g/l PdCl, and 10 ml/|
HCI by magnetic stirrer for 30 min and at room
temperature. Then the powders were washed in distilled
water.

(v) Drying: The powders were washed with the de-
ionized water for several times and then were filtrated
and dried in an oven at 80 °C.

Electroless deposition was performed in a described
bath in tablel, while magnetic stirrer was used to stir the
bath and avoid particle agglomeration.

Tablel: composition and properties of Electroless

deposition bath
Composition Concent | PH Ifg;]p ;I'r:]r::]e)
Copper sulphate 5-20g/I
Sodium hydroxide 10g/1
Pottasium sodium tartrate | 50g/I 8-10 | 50-90 | 10-120
Formaldehyde 10g/1
Pretreated Al,O3 1-10g/I

In electroless deposition it is difficult to obtain
uniform metallic coating on the ceramic powders
because the process was affected by lots of parameters.
However, The influence of various parameter such as
effects of pretreatments, PH, temperature, Time and
chemical composition in the plating bath, Al,O; powder
concentration and Al,O; powder size (micron and
nanosized) on the uniformity, thickness and
composition of coated layer were investigated.

After that the coated particles were cold pressed at
100- 500 MPa and sintering was conducted at different
temperature of 900 - 1100 °C for 30- 60 min in a tube
furnace with different heating rate and different
atmosphere (air, vacuum and Argon gas).

The morphology and structure of the starting
material and as coated Composite powders (Cu coated
alumina micropowders and nanopowders) were
characterized by scanning electron microscopy (SEM),
energy dispersive spectroscopy (EDS) and X-ray
diffraction (XRD).

RESULTS AND DISCUSSIONS

The optimized condition for copper coating of
Al203 particles by electroless is reported:

- 5 step pretreatment, using 10 g/l SnCl, and 0.25 g/l
PbCl, as the activating materials.

- Chemical composition of bath: 10 g/l Copper
sulphate, 50 g/l Pottasium sodium tartrate, 10 g/l
Sodium hydroxide and 10 g/l Formaldehyde.

Most uniform coating was applied at the temperature
of bath 60 °C, PH=10 and 30 min stirring the
suspending solution containing 5 g/l of micron sized
Al,O3 Or 2 g/l of nano sized Al,Os.

XRD analysis shows very sharp peaks of Cu,
indicated that the as-deposited copper film was
crystalline, also peaks of P and NisP appeared in some
cases.

The morphology and average thickness of the
coatings was measured by SEM. In the optimized
condition the thickness of Cu layers were obtained 80 +
20 nm on the micron sized Al,O5; and 25 £ 5 nm on the
nano sized Al,Os.

The composite powders were sintered successfully
at temperature 900°C in vacuum atmosphere. While
sintering at air caused to formation of copper oxides.

CONCLUSION

The results show that it is possible to fabricate
Cu/alumina core-shell powder materials by electroless
plating technique. Also it was found that the sizes of Cu
on Al,O; particles are between several and several
hundreds of nanometers, while the amount of coating on
the powders as increases as temperature and PH
increase.
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