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Abstract: The high temperature oxidation resistance of RE-Nt W-B-B4C-M oS, composite coating, the effects of elec
trodeposition conditions on the morphologies of the coating and the effect of heat treatment temperature on its hardness,
abrasion resistance and phase structure were investigated by using scanning electron microscope( SEM ), X-ray diffractome
ter, microhardness tester and abrasion machine. The results show that the oxidation degree of RE-Nt W-B-B4sC-MoS;
composite coating is small when the temperature is lower than 700 ‘C, but it increases sharply when the temperature is
higher than 700 ‘C. The hardness of RE-Nt W-B-B4C-M oS, composite coating increases with increasing heat treatment
temperature, it comes up to the maximum value at 400 C, but it decreases gradually if the temperature rises continuously.
The most favourable abrasion resistance was attained after RE- Nt W-B-B4C- M 0S, composite coating being heat treated at
400 C. Without heat treating, it is mainly amorphous and partially crystallized, but wholly crystallized after being heat
treated at 500 C. RE in the composite coating is in the form of CeO, and additions of CeO, and B4,C can enhance the
thermostability of RE-Nt W-B-B4C-M oS, composite coating.
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1 INTRODUCTION

By use of the composite electrodepositing tech-
nique, codeposition of solid hard particles with metal
matrix on the surface to form a composite coating is
one of the effective methods to improve the abrasion
resistance of material surfacel' ®. Furthermore, the
composite electrodepositing technique has many ad-
vantages, such as simple process, low cost, operation
at ambient temperature and uninfluence on the prop-
erties of the inside matrix material, so it holds an im-
portant status in the research and development of
abrasion-resistant and antifrictional composite materi

7131 1t is well known that the B4C particles are

als
abrasion resistant and M oS is self-lubrication materi-
als. The main purpose of this research is to codeposit
B4+C and MoS; into the coating in order to get abra-
siomr resistant as well as self-lubricant composite coat-

ing.
2 EXPERIMENTAL

2.1 Bath composition and process conditions

The bath composition is as follows: NiCls# 6H,0
20~ 30 g/ L, complex reagent 60 ~ 80 g/ L, additive
10720 g/L, KBH42~3 g/L, NaaWO,2H,0 40 ~
60 g/L, B4C40~60g/L, M0oS, 10720 ¢/ L., RE 3~
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5 g/ L. The process conditions are J, 5~ 10 A/ dm?, ¢
30 Cand pH 13.5.

2.2 Oxidation resistance of composite coating

The oxidization of the coating was run in CHOY
type Muffle furnace and the temperature was con-
trolled by KSY-12-16S type instrument within 5
‘C. In order to measure the high temperature oxida-
tion resistance of RE-NrW-B-B4C-MoS; composite
coating, the specimens obtained from the optimum
bath composition and process conditions were tested
at different temperatures for the same holding time or
tested for different holding times at the same temper-
ature, respectively. The mass change of specimen af-
ter high temperature oxidation can be calculated to
determine the oxidation degree of the coating. The
mass gain of unit area and unit time of the specimen
(mgh™ Yem
high temperature oxidation resistance, and the aver

) 5 : 5
) was taken as the examination index of
ages of five point values were used.

2.3 Abrasion resistance of composite coating

The coated specimens treated at different tem-
peratures were tested by M-2000 abrasion machine
with rotating speed of 400 r/ min and loading of 500
N. The mass change(mgh™ %em™?) was taken as the
examination index of abrasion resistance. HX-1 mi
crohardness tester was used to measure the hardness
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of the composite coatings and the load was 0. 98 N.

2.4 Analysis of microstructure and phase structure
of composite coating
The microstructure and phase structure of the
composite coating were analyzed with ASM-SX scan-
ning electron microscope and Japan 3015 X-ray
diffractometer with CuKq radiation.

2.5 Composition of RE-Nir W-B- B;C MoS, compos-
ite coating

Boron content in the coating was determined by
Auger electron spectrum(AES); RE content was ex-
amined by electron spectrometer, and B4C, MoS,, Ni
and W contents were measured with chemical analyti
cal method, and the average of five point values was
used. The composition of the composite coating is

2.5%73.5%RE, 4.5%76.5%W, 3.5%~ 4. 5% B,
5.6%~7.8%B4sC, 2.5%~ 4.5%MoS, and Ni.

3 RESULTS AND DISCUSSION

3.1 High temperature oxidation resistance of
3.2% RE79. 2% Ni5. 2% W-3. 5% B-5. 6%
B4C 3. 3% MoS, composite coating

The mass changes of the coatings at different ox-
idation temperatures for the same oxidation time( 2 h)
are shown in Fig. 1. The mass changes of the coat-
ings at the same oxidation temperature (750 C) for
different holding durations are shown in Fig. 2.

It can be seen from Fig. 1 and Fig. 2 that the ox-
idation degree of 3.2%RE- 79.2%Nrt 5.2% W-
3.5%B5.6%B4C- 3. 3% M oS> composite coating is
small when the temperature is lower than 700 C, but
the mass gain of the coating increases linearly

and sharply when the temperature is higher than
1.6
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Fig. 1 Relationship between mass gain of
coating and oxidation temperature

700 C, i e. the oxidation degree of the coating is

1.8

— —_—
< -

Mass gain of oxidation
film/(mg-h1-cm2)
S
=N

o
[\

1 2 3 4 5
Oxidation time/h

Fig. 2 Relationship between mass gain
of coating and oxidation time

large. In addition, at the same oxidation tempera
ture the mass gain of the coating increases with in-
creasing the oxidation time.

3.2  Abrasion resistance of 3.2%RE- 79. 2%Nr
5.2%W-3.5%B 5. 6%B4C 3. 3%MoS; conr
posite coating

The effect of heat treatment temperature on the
abrasion resistance of the specimen is shown in

Fig. 3. It can be seen from Fig. 3 that the abrasion

resistance of the specimen after heat treatment is bet-

ter than that before heat treatment, and the resis

tance is the best when the specimen is treated at 400

‘C. When the rotating speed is 400 r/ min and the

load is 500 N, the specimen mass loss is only 0. 406

mgh™ *em™ . Obviously, the composite coating has

satisfactory abrasion resistance.

3.3 Hardness of 3. 2% RE-Ni-5. 2% W-3. 5% B-
5.6%B4C 3. 3%MoS, composite coating

The effect of heat treatment temperature on
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Fig. 3 Relationship between abrasion resistance
and heat treatment temperature
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the hardness of the composite coating is shown in
Fig. 4. It can be seen from Fig. 4 that the hardness of
3.2%RE- 79.2%Nr 5.2% W- 3.5%B- 5. 6% B4C-
3.3%MoS; composite coating increases with increas-
ing heat treatment temperature, and it comes up to
the maximum value( 1 368 Hv) when the heat treat-
ment temperature is 400 C. If the temperature rises
further, the hardness of the composite coating will

decrease.
1400
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Fig. 4 Effect of heat treatment temperature
on hardness of composite coating

3.4 Morphology and phase structure of RE-Ni- W-
B-B4C MoS; composite coating

3.4.1 Morphologies of surface and cross section of

composite coating

The effects of electrodeposition conditions on the
surface morphology of RE-NtW-B-B4sC-MoS; com-
posite coatings are shown in Fig. 5.

It can be seen from Fig.5 that the influence of
the elctrodeposition conditions on the surface mor-
phology of RE-NrW-B-B4C-MoS, composite coatings
are evident. With a rise in current density or bath
temperature the grains of the composite coating be-
come coarse and large; on the contrary, the crystal
grains are fine and small.

The morphology of cross section of 3. 3% RE-
79. 2% Nt5. 5% W-3. 5% B-5. 4% B4C-3. 5% MoS;
composite coating is shown in Fig. 6, and it can be
seen that the composite coating contains B4C and
M oS, particles, but the distribution of these particles
in the coating is uneven, which is mainly due to the
worse dispersity of B4C and MoS; particles in the
bath.
3. 4. 2 Phase structure of 3. 2% RE-79.2%Nr
5.2%W-3.5%B-5. 6% B4sC-3. 3% MoS,
composite coating

The X-ray diffraction patterns of 3.2% RE-

Fig. 5 Surface morphologies of RE-NtW-B-B4C-M 0S, composite coatings
(a) —Ji= 12 A/dm?, at 30 C; (b) —Jy= 12 A/dm?, at 60 C
(¢) —Jx= 10 A/dm?, at 60 C; (d) —J = 14 A/dm?, at 60 C
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407

Fig.

3.3% RE-79.2% Nr5. 5% W-3. 5% B-5. 4% B4C-

6 Cross section morphology of

3. 5% M oS> composite coating

79.2%Nrt 5. 2% W-3. 5% B-5. 6% B4C-3. 3% MoS;
composite coating are shown in Figs. 77 9. Fig. 7 in-
dicates the phase structure of the electrodeposited
composite coating without heat treatment( as-deposit-
ed), Fig.8 shows the phase structure of the coating
heat-treated at 500 C for 1 h, and Fig. 9 shows the
phase structure of the coating heat-treated at 800 C
for 1 h.

Fig. 7 indicates that there appears a relatively
unsharp bread peak at 20= 45" which is the charac
teristic peak of amorphous state. The range of the
amorphous state is relatively wide, but there are also
the characteristic peaks of B4C, CeO2(RE) and MoS;
crystal grains and typical crystalline characteristic
peaks of Ni, W, Mo and B, which shows that the as
deposited coating is mainly amorphous and partially
crystallized.

X-ray diffraction pattern of as deposited 3. 2% RE-79. 2% Nt 5. 2% W-3. 5% B-5. 6% B4C-
3. 3% M oS, composite coating

N

20/C%)

Fig. 8 X-ray diffraction pattern of 3. 2% RE-79.2% Nrt5. 2% W-3. 5% B-5. 6% B4C-
3. 3% M oS, composite coating after heat treated at 500 C for 1 h
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Fig. 9 X-ray diffraction pattern of 3. 2% RE-79.2% Nr5. 2% W-3. 5% B-5. 6% B4C-
3. 3% M oS, composite coating after heat treated at 800 C for 1 h

In comparison with Fig.7, the range of the
amorphous state in Fig. 8 is obviously reduced and Ni
(111), Ni(220) and Ni(222) peaks are more re-
markable. In addition, there appear the diffraction
peaks of W, Mo, NizB and CeO: phases, and these
are typical characteristic of crystalline state. This in-
dicates that the crystallization of the composite coat-
ing is strengthened after heat treated at 500 C for 1
h.

Fig. 9 shows the X-ray diffraction pattern of 3.
2% RE-79. 2% Nrt5. 2% W-3. 5% B-5. 6% B4C-
3.3%MoS, composite coating after heat treated at
800 Cfor 1 h. In comparison with Fig. 7 and Fig. 8,
the crystalline characteristics of the pattern in Fig. 9
is more obvious —there are few amorphous peak in
Fig.9. At elevated temperature, oxygen in the air
diffuses through the composite coating into the ma
trix, and some of the iron in the matrix is oxidized to
form Fe304 and Fe; O3 phases. Ni in the coating is ox-
idized to NiO, W to WO,, and MoS; to M0o0O,. CeO,
and B4C are not changed chemically, which indicates
that CeO, and B4C are very stable and not decom-
posed at 800 ‘C. This suggests that additions of CeO»
and B4C can increase the thermal stability of 3. 2%
RE-79. 2% Nt5. 2% W-3.5%B-5. 6% B4C-3. 3%

MoS; composite coating.

4 CONCLUSIONS

1) As to the high temperature oxidation resis-

tance, the oxidation degree of 3.2%RE-79.2% Nr

5.2% W-3. 5% B-5. 6% B4C-3. 3% MoS, composite
coating is small when the temperature is lower than
700 C, but the degree of oxidation increases sharply
when the temperature is higher than 700 C. In addi
tion, the oxidation degree increases with increasing
the oxidation time at the same heating temperature.

2) The abrasion resistance of 3. 2% RE-Nr
5.2% W-3. 5% B-5. 6% B4C-3. 3% MoS, composite
coating is the best after heat treated at 400 C.

3) The hardness of 3.2% RE-79.2%Nr 5. 2%
W-3. 5% B-5. 6% B4C-3. 3% MoS, composite coating
increases with increasing heat treatment temperature
and it reaches the maximum value( 1 368 Hv) at 400
‘C. When the temperature rises continuously, the
hardness of coating decreases gradually.

4) The electrodeposition conditions have remark-
able influence on the surface morphology of RE-Nr
W-B-B4C-MoS; composite coating. The crystal grains
of the composite coating become coarse and large with
increasing current density or bath temperature; on
the contrary, the crystal grains will be fine and
small.

5) The as deposited 3. 2% RE-79. 2% Nt 5. 2%-
W-3. 5% B-5. 6% B4C-3. 3% MoS; composite coating
is mainly amorphous and partially crystallized. After
heat treated at 500 C, the coating is mainly crystal-
lized. After heat treated at 800 C, the coating is
wholly crystallized. CeO2 and B4C are very stable at
800 C, which suggests that additions of CeO; and
B4C can increase the thermostability of 3. 2% RE-79.

29%Nr35. 2% W-3. 5% B-5. 6% B4C-3. 3% MoS, com-
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