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Abstract Solid contaminants in lubrication system will cause severe wear of sliding components. In order to improve the

wear resistance of the material in oil containing solid contaminants, the brush plated nano- A1, 03/ Ni composite coating was

prepared and the influence of the sand content and sand size on the tribological property of the coating in oil containing sol

id contaminants was tested with balkoir disc tester. The results show that the wear volume increases with increasing the
sand content and sand size, and the wear resistance of the composite coating is 20% higher than that of the higlrspeed

plain nickel coating. The main wear mechanisms of the coatings are abrasive wear and adhesive wear. And due to the

nano-particle strengthening effect, the wear resistance of the composite coating is improved.
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1 INTRODUCTION

The solid contaminants are usually involved in
the lubrication system either by dust through the en-
gine inlet port or generated from the wear loss of the

2]

materials! " ? . These fine particles accelerate the wear

[3-41 Tt has been reported that

of sliding components
over 50% of bearing failures are caused by impurities
in the supply lubricant'®. Consequently, improving
the wear resistance of these components becomes a re-
search subject of top priority and great industrial im-
portance. With the newly developed nano-materr
als'®, recently the brush plated composite coating
prepared by the co-deposition of nano-particles with
matrix metals has received increasing attention in
view of its high hardness, low friction coefficient and
total inertness to any acid or other chemical at-
tackl "
is to study the feasibility of replacing the current
high-speed nickel coating with nano-Al,O3/Ni com-

. The principal purpose of the present work

posite coating to improve the wear resistance of mate-
rial in oil containing solid contaminants.

2 EXPERIMENTAL

The Al,O3 nano-particles (as shown in Fig. 1)

with a size of about 30 nm were added into the high-
speed nickel plating solution with the content of 20 g/
L and the suspension was sufficiently stirred before
brush plating. The nano-Al,03/Ni composite coating
was brush plated with a voltage of 12 V and a relative
velocity between the negative and positive pole of 10
m/ min.

Fig.1 TEM image of Al,O3 nanoparticles

The friction and wear tests in oil containing sol-
id contaminants were conducted on a T-11 ( made in
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Fig.2 Schematic diagram of T-11 test rig

Poland, Fig. 2 shows the schematic diagram) “ball
omdisk” testing machine. The brush plated lower
disk specimen made from 1045 steel was rotating,
with a dimension of d25.4 mm X 6.1 mm (the coat-
ing thickness was 0. Imm) . The upper ball specimen
made from Si3N4 ceramic was stationary, with a di-
ameter of 6. 35 mm. All tests were commenced at a
rotating radius of 10 mm, a normal load of 30N and a
sliding speed of 0.4 m/s. The contaminant sand was
composed of Si02(74% ~ 76%) and ALOs( 14% ~
16%) . Particles sizing was carried out in the labora
tory using standard sieving procedures. The sand
with required quantity was added to the oil and the
mixture was stirred immediately prior to performing a
test. The cyclic lubrication mode with 50 mL diesel
oil was adopted. The wear volume was calculated by
measuring the width of wear trace using an optical
microscope( with a precision of 0. 01 mm). Each test
was repeated three times, and the average was adopt-
ed as the experimental data.

The surface morphologies of the coatings before
and after wear testing were examined by Quanta200
scanning electron microscope( SEM ). The distribu-
tion of the nano-particles in the composite coating w as
revealed by transmission electron microscope( TEM) .
The micro-harness indentations were made into the
cross section to avoid the substrate effect. The mea
surements were performed using JIMT-3 hardness

tester with a load of 0.5 N for 15 s. The oil samples
were analyzed by OLYPUSBX41 ferrograph.

3 RESULTS AND DISCUSSION

3.1 Surface morphology

Fig. 3 depicts the typical surface morphologies of
the coatings by SEM. Both the high-speed nickel
coating and n~Al,03/Ni composite coating show the
nodular surface morphologies. But the microstructure
of the composite coating is much more fine and dense
than that of the high-speed nickel coating resulting
from the nano-particle nucleation effect! "'
3.2 Wear behavior

Fig. 4 shows the variations of the wear volume
with sand content( the sand size less than 50 HBm) and
sand size( the sand content of 400 mg/L)  for the

Fig. 3 Surface morphologies of coatings
(a) —Higlr speed nickel coating;
(b) —mr Al,03/ Ni composite coating

higlrspeed nickel coating and rAl,03/Ni composite
coating. It can be seen that the wear volumes of the
higlrspeed nickel coating and the composite coating
increase with increasing sand content and size, how-
ever, the wear volume of the mAl,O3 composite coat-
ing is 20% lower than that of the high-speed nickel
coating in the same test condition. Moreover, the
wear volume of the high-speed nickel coating increas-
es slowly at the sand content below 200 mg/ L and the
sand size less than 30 Pm, beyond which the wear
volume increases dramatically. The result for
Al,O3/Ni composite coating shows the same trends,
however, the sand content and sand size at which the
wear volume increases rapidly are 400 mg/ L. and 40
Pm, respectively, higher than those of the high-speed
nickel coating. T his means that the composite coating
can work in higher sand content and larger sand size
than the high-speed nickel coating without severe
wear.
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Fig.4 Variation of wear volume with
sand content(a) and sand size( b)

3.3 Friction behavior

The variations of the friction coefficient with
sand content and sand size are shown in Fig. 5. As
the sand content increases, the friction coefficients of
the high-speed nickel coating and n-Al,03/ Ni coating
both increase, but then decrease again when the sand
content is larger than 600 mg/ L in the oil. It can also
be seen that as the sand size increases, the friction co-
efficients of the coatings increase all along. In all test
conditions, the friction coefficient of the composite
coating is found to be slightly lower than that of the
high-speed nickel coating.

3.4 Wear mechanism

From the worn surfaces as shown in Fig. 6, the
fine striations along the sliding direction, probably
from the sands plowing their way forward, and the
scratches associated with the adhesive wear are found
in both coatings. Typical wear particles in the ferro-
gram ( Fig. 7) also demonstrate that the main wear
mechanisms of the two coatings are the abrasive wear
and adhesive wear. However, the high-speed nickel
coating shows a more severe wear than the composite
coating.

The hardness of SizN4 ball is far higher than
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Fig. 5 Variation of friction coefficient with
sand content(a) and sand size(b)

Fig. 6 Worn surfaces of coatings
(a) —Higlr speed nickel coating;

(b) —mr Al,03/ Ni composite coating
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Fig. 7 Typical wear particles in ferrogram

a) —M icro-cutting particle formed by abrasive wear;
1g p y
(b) —Particle formed by adhesive wear

that of the coatings, therefore, when the sand is
drawn to the contact zone, it will be embedded into
the coating by the pressure. When the wear couples
slide relatively, the plowing action occurs. At the
same time, the heat generation during the sand plow-
ing the coating will deteriorate the lubrication film
and lead to the adhesive wear between the wear cou-
ples.

As the sand content and sand size in the oil in-
crease, the abrasive and adhesive behaviors increase,
therefore, the wear volume and friction coefficient of
the coatings rise. Further increasing the sand con-
tent, the wear volume increases but the fiction coeffi-
cient decreases slowly. This is probably because that
the round sand particles( Fig. 8) in the contact zone
may act as “micro ball bearing” reducing the fric
tion' 1,

The excellent tribological property of nano-
AL O3/ Ni composite coating may attribute to its high
hardness and dense microstructure. Fig. 9 shows the
hardness of the high-speed nickel coating and the
composite coating at different temperatures. The mi-
cro-hardness of the composite coating (HV 692) regis-
ters 60% higher than that of the high-speed nickel
coating( HV440) at the room temperature. With the
temperature elevating, the hardness of both coatings
decreases, however, the hardness value of the com-
posite coating doesn t reduce so much as that of the
high-speed nickel coating. The hardness of the com-

Fig. 8 Sands in ferrogram after wear test
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Fig. 9 Variation of micro-hardness
with temperature

posite coating can maintain HV280 even at the tem-
perature of 600 C, while that of the high-speed nick-
el coating is only HV75. Fig. 10 shows that the nano-
particles are mainly located inside the matrix grains
and at the grain boundaries. These fine particles can

pin the dislocatiocn' > and grain boundaries!'* "’
during the plastic deformation or grain growth,

which leads to the hardness of the coating increasing

Fig. 10 TEM image of composite coating
(arrow pointing to nano-particles)
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both at room and elevated temperature. The high mi-
cro-hardness and dense microstructure mean that the
composite coating s resistance to the micro-cutting
and plowing actions is enhanced. Furthermore, the
nano-particles homogeneously distributed in the com-

161 can reduce the direct contact be

posite coating[
tween the wear couples, hence the adhesive wear of
the composite coating is also decreased. Consequent-
ly, the brush plated composite coating exhibits better
tribological property than the high-speed nickel coat-
ing and it is a promising technology to improve the

wear resistance of sliding components of the machine.
4 CONCLUSIONS

1) The wear behavior of the composite coating in
oil containing solid particles is improved by codeposi-
tion of nano-AL O3 particles with nickel matrix. Un-
der the testing conditions, the friction coefficient and
wear volume of the composite coating are lower than
those of the high-speed nickel coating. Furthermore,
nano-Al,03/ Ni composite coating can work in much
higher sand content and larger sand size than the
high-speed nickel coating.

2) The main wear mechanisms of the nano-
AL O3/ Ni composite coating and the high-speed nickel
coating in oil containing solid particles are abrasive
and adhesive wear.

3) The nano-particles improve the microstruc
ture and the hardness of the coating, thus enhance
the wear resistance of the composite coating. The n-
AL O3/ Ni composite coating is a promising technology
to strengthen and repair the sliding components
working in oil containing solid contaminants.
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