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Abstract: With 2 kW continuous wave Nt YAG laser, SiC ceramic powder was laser cladded on the AA6061 alu-

minium alloy surface. Within the range of process parameters investigated, the parameters were optimized to pro-

duce the SiC, reinforced metal matrix composites( MM C) modified layer on AA6061 alloy surface. After being trea-

ted, the modified layer is crack-free, porosity-free, and has good metallurgical bond with the substrate. The micro-

structure and chemical composition of the modified layer were analyzed by such detection devices as scanning elec

tronic microscope( SEM-EDX) and X-ray diffractometer( XRD). The performance of electrochemical corrosion and

cavitation erosion and their mechanism were estimated by the microhardness tester, potentiostat and ultrasonic

induced cavitation device.
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1 INTRODUCTION

Because of its good physical and chemical
characteristics, aluminium alloy is widely used in
astronavigation and power generating
machine. But due to its low hardness and poor re-

aviation,

sistance to wear, aluminium alloy has difficulty to
be used in the case of wearerosion and abrasion.
Conventional heat-treatment methods, for exam-
ple, surface quenching, solution strengthening,
chemical heat-treatment, are limited to improve
the surface performance of aluminium alloy. Re-
cently, there are some reports about the applica-
tion of high-energy laser-cladding on the surface of
aluminium matrix composites to improve the ability
of the resistance to erosion and wear' ' .
Cavitation erosion is a peculiar form of wear.
It is caused by the high-speed relative movement
between the fluid and metal structural unit, which
produces the eddy that is accompanied by the bub-
ble appearing and vanishing on the surface of metal
in the local metal surface. Because the cavitation
erosion is the outcome of the combined action of

the changed stress and erosion media, it accelerates
the destroying-speed of the metal so that it brings
serious damage and enormous economic loss to the
lives of people and industrial production. As we all
know, aluminium alloy is one of the materials that
have poor cavitation-erosion and wear resistance,
so plastic yield and ductile rupture can easily ap-
pear under the condition of cavitation-erosion'® .
Aluminium alloy has low absorptive power for
the laser and ineffective phase transformation
strengthening when irradiated by laser. Under the
given conditions, the surface performance of the
aluminium alloy can be effectively improved by the
formation of SiC ceramic particle reinforced metal
matrix composite( MM C) modified layer which has
pre-pasted on the surface and then irradiated by la-
ser. The purpose of this paper is to study the mi
crostructure and cavitation-erosion behavior of the

SiC particle reinforced MM C.
2 EXPERIMENTAL

2.1 Composition of substrate and alloy powder
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AA6061 aluminium alloy with T6 treatment
was used as the substrate material. The nominal
chemical composition(in mass fraction, %) of this
alloy is: 0. 4-0. 8Si, 0. 7Fe, 0.150.4Cu, 0. 15Mn,
0.8&1.2Mg, 0. 04-0. 35Cr, 0. 25Zn, 0. 15Ti and
balance Al. The material was machined into speci-
men blocks of 40 mm X 40 mm X 10 mm. SiC ceram-
ic powder is of industrial purity and the grain size
is 437104 Bm. Table 1 lists the physical properties
of AA6061AT1 alloy matrix and SiC.

Table 1 Physical property of AA6061 alloy
matrix_and SiC

Density/ Elastic T ensile M elting
M aterial ?n?l b modulus/  strength/ point/
(g*em™)  "Gpa M Pa C
AA6061 2.4 70 70 = 600 660
SiC 3.22 410 200 ~ 500 2400

2.2 Lasercladding experiment

The Al alloy specimens were sand-blasted and
rinsed to achieve a consistent surface roughness of
R.= 0.2 Pm. SiC powder was made into the paste
by agglomerant and was then painted evenly onto
the rough specimen surface. The painted specimen
was then dried in an oven at 120 C for 4 h. The
thickness of the pre-pasted SiC powder on the sur
face of Al alloy was 0.2 mm. The process parame-
ters of the continuous wave Nd-YAG solid laser
were: power 1200 W, diameter of beam 2. 5 mm,
scanning speed 5 mm/s, flux of argon shield 20 L/
min.

2.3 Electrochemical corrosion and cavitatiomr ero-
sion test

The dimension of the specimens for electro-
chemical corrosion and cavitation-erosion tests is
13mm X 13 mm X 10 mm. The square surface of 13
mm X 13 mm is used to be laser-cladded. The spec
imens were polished to a constant surface rough-
ness using 1 Pm diamond paste and then cleaned,
degreased and dried.

The electrochemical polarization curve was set
out by EG& G PARC273 corrosion system accord-
ing to ASTM Standard G61 —86'"", which can be
used to value the performance of electrochemical
corrosion resistance. The 3. 5% NaCl solution was
maintained at (23 1) C during the test. Before
test, N2 was blown into solution in order to re-
move the air in it. A saturated calomel electrode
(SCE) was used as the reference electrode to meas-
ure the performance of corrosion. The electric po-
tential was increased from 200 mV below the anode
corrosion potential at a scanning rate of 1 mV/s.
When anode current is 10°° A/cm’, the potential
scanning direction was reversed to determine the
protecting potential under this corrosion system.

Cavitation erosion experiments were carried
out using an ultrasonicinduced cavitation facility
with a 550 W wultrasonic probe corresponding to
ASTM Standard G32—92"". Fig. 1 shows the
schematic diagram of cavitation erosion test. Be-
tween the stationary specimen and the vibrating
316L stainless steel stud was kept at 1 mm. The
surface of the stainless steel stud was polished by 1
Hm diamond paste in every intermittent period of
30 min in order to keep a constant surface rough-
ness. The vibration frequency and peak-to-peak
amplitude were 20 kHz and 30 Hm, respectively.
The specimens were subjected to a series of cavita-
tion erosion tests in 3.5% NaCl solution and the
temperature of the solution was kept at 23 C by a
chiller. Each cavitation erosion test was completed
after 4 h, which included eight intermittent periods
with each period of 30 min.

Fig. 1 Schematic diagram of
cavitation-erosion testing

The mass loss of the specimens by cavitation
erosion was measured by an electronic beam bal-
ance with an accuracy of X0.1mg. The cavitation
erosion rate was calculated by

re= S (1)

where Am is the accumulative mass loss of the
specimen at some time, mg; A is the surface area
of the specimen, em”; A is time of cavitation cor-
rosion, h.

The surface microstructure and chemical com-
position of the specimen that have been laser-clad-
ded and cavitation-eroded were analyzed by SEM
and EDX. The hardness was measured by Shimad-
zu microhardness tester with 2 N( 0. 2 kg) loading
for 15 s. Make use of XRD to analyze the phase
structure of the laser surface cladded. The radia-
tion used in XRD was Cu Kq with nickel filter and
generated at 40 kV and 35 mA. The scanning rate
used was 1. 5(°)/ min.
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3 RESULTS AND DISCUSSION

3.1 Microstructure of laser-cladded surface

Fig. 2 shows the optical micrograph of the la-
ser-cladded surface and illustrates the high integri-
ty, porosity-free, crack-free characteristic and
good bond between laser cladded surface and sub-
strate. SiC particle is evenly distributed on the
MMC with an average particle size of 15 Hm. The
high percentage of SiC particle reinforced phase is
obtained on the layer of the specimen.

Fig. 2 Microstructure of laser cladded layer

The surface of the aluminium alloy was molten
by the laser beam energy absorbed during the
process of laser irradiation. The absorbing rate of
materials for laser beam was determined by the e
lectric resistance of specimen and wavelength of the
laser beam which can be expressed as follows!':

aT)= 0.365/Rof/ 1+ AT - 293)]/ " -

0.066 7{Bo/ 1+ QT - 293)]/ N +

0. 006{Po/ 1+ QT - 293)]/ ¥ (2)
a is absorbing rate of the material; Pis e
lectric resistance ratio, Q* cm; Ais wavelength of

where

the incident laser beam, Hm; T is temperature, K;
Qo is the electric resistance ratio of material at 20
C.

Owing to higher electric resistance of SiC
compared with substrate, it can be known from the
equation above that SiC ceramic phase preferential-
ly absorbs heat first and is heated to a high temper-
ature rapidly by laser beam when the Al alloy sur-
face is molten. Then the heat is transmitted to the
surrounding region through heat conduction. This
heating mechanism makes the temperature of SiC
particle and material adjacent to it higher than that
of the fused bath, so that the interface reaction is
induced easily.

In the course of formation of SiC reinforced a-
luminium matrix composite surface, there is a crit-
ical value about the density of the laser irradiation
energy. When the density of the laser irradiation
energy is higher than this value, SiC particle will
be molten in aluminium solution and there will be

AlC, AFSrC compound cementing out, as shown
in Fig. 3. Fig. 4 illustrates XRD pattern of modi
fied layer of SiC/6061A1 MMC treated by laser.
Analyses prove that the dentritic structure of thin
pin is composed of Al;C; and Al:SiCs which have
been mentioned in the paper of Hu and Baker''".
The chemical equation can be expressed as follows:

4A 1+ 4SiC~ ALSiCs+ 3Si
4A1+ 3SiC~ ALCs+ 3Si

Fig.3 Microstructure of AlsCs and AL4sSiCs phase

Fig. 4 XRD pattern of laser cladding surface

The product Si of the reaction mainly solidifies
on the layer of aluminium alloy matrix.

3.2  Electrochemistry corrosion performance of
MMC modified layer

Fig. 5 shows the potentiodynamic polarization
curves of asreceived specimen and laser-cladded
specimen in deaerated NaCl solution at 23 C. It
can be concluded that, due to high volume fraction
of the reinforced phase on laser processing surface,
the corrosion-potential is increased by the use of
laser-cladding technology to produce SiC particle
reinforced MM C material layer (AA6061 Al E.n=
- 1293 mV, SiC,/6061A1 Ecn = - 764mV ).
Compared with AA6061 Al alloy, the passivity of
the laser-cladded specimen decreases obviously.
Fig. 6 shows the surface topography of pitting cor-
rosion of electrochemical corrosion on laser clad-
ding sample. The result shows that the interfaces
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of Al/SiC, Al/AlsCs, A1/ AlsSiCs are the original
sites of the pitting corrosion which provide more
active sites for dull film. The inherent defect in
dull film weakens the pitting corrosion resistance
and the passivity of the MM C modified layer.

Fig.5 Potentiodynamic polarization curves of
substrate and laser-cladded specimens in
deaerated NaCl solution at 23 C

Fig. 6 Surface topography of pitting corrosion of
electrochemical corrosion sample on
laser cladding layer

3.3 Cavitatiomr erosion of MMC modified layer
3.3. 1 Performance of cavitation-erosion resist-
ance

Table 2 lists the cavitation-erosion rate and
hardness of AA6061 Al alloy and laser cladded lay-
er sample in 3. 5% NaCl solution at 23 C. Com-
pared with AA6061 Al alloy matrix, the specimen
treated by laser losses fewer mass which can be ex-
plained by the fact that the modified layer of sur-
face MM C material improves cavitation-erosion re-

sistance of AA6061 Al According to
Ref.[ 11], a given phase has a specific cavitation e

alloy.

rosion mechanism and the erosion rate is controlled
by its individual properties. For a multiphase ma-
terial, the overall behaviour is a function of the re-
spective contribution of each phase. The erosion
rate can be described by the rule of mixtures, i. e.
as a linear function of the volume fractions of the

phases,

r= >, (3)

where r is cavitationerosion rate of the whole
material; ® is the volume fraction of phase i; r;i is
the cavitation-erosion rate of phase i.

Table 2 Cavitation-erosion rate and hardness of

AA6061 Al alloy and laser cladded layer

Erosion rate/

M aterial (10,3 g em=2 o h*1) HVo.»
AA6061 Al substrate 7.49 56
Laser cladded layer 5.25 400 — 425

The whole volume fraction of SiC ceramic
phase is a constant which benefits for cavitation-
erosion resistance performance of AA6061 Al alloy
because of high fracture toughness.

3.3.2 Cavitation-erosion damage mechanism
Fig.7 shows SEM surface morphology of alu-
minium alloy matrix and laser-cladded specimens in
3.5% NaCl erosion media, respectively. The main
cavitation-erosion inducing mechanism of the low
hardness and mechanical strength of AA6061 Al
alloy is surface coarsening, mechanical hardening,
necking and plastic fracture which lead material to
move. Erosion-failure starts at interface of crystal
grain. After being cavitation-eroded for 4 h, the
grain of the aluminium appears as deep groove and
necking fracture is the main mechanism in grain.
For the specimens cladded with SiC, their de
formation mechanism is more complicated. In the

Fig. 7 Damage surface appearance after

cavitation-erosive test for 4 h
(a) —AA6061 Al; (b) —Laser cladded sample
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initial stage, the ceramics SiC in the matrix alloy
are almost unaffected. The tiny pores and pits at
the interface between the matrix and the ceramics
provide sites of stress concentration, and erosion is
initiated there. Since the aluminium matrix is
much softer( Hv56) than the ceramics, work-hard-
ening and fracture occur in the matrix preferential-
pits,
work hardening and fracture as well as craters in

ly. With the continuation of the damage,

the matrix increase. The adjacent craters merge in-
to a large defect and the surface roughness in-
crease. The craters do not occur in the hard ceram-
ics phases because of their high fracture toughness
and hardness. After the matrix around the ceramic
phases is eroded, the ceramic phases such as SiC
are removed away from the surface as individual

debris.
4 CONCLUSIONS

1) By the method of laser-cladding, SiC parti-
cle reinforced MM C layer can be obtained. SiC par-
ticles have distributed uniformly in the cladded lay-
er. A small amount of AlsCs and Al4SiCs interme-
tallic compounds appear on laser surface.

2) Because of the formation of pitting corro-
sion induced original sites at the interface of alu-
minium and ceramic (or intermetallics), pitting
corrosion resistance and passivity of laser surface
are decreased.

3) Because of SiC has higher fracture tough-
ness compared with AA6061 Al alloy, the SiC par-
ticle reinforced MM C layer produced by laser-clad-
the performance of cavitation

ding improves

erosion resistance.
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