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Abstract: The components and microstruciure of the RE-Nr W-P-SiCC composile coaling were analyzed by means of
EPXDS, SEM and XRD. The results showed thal the composite coaling conlaining 5% ~ 14% RE, 4% ~ 7% SiC, 12%

~ 15%P and 5% ~ 6% W was oblained by use of appropriate bath composition and plating conditions. The as deposiled

composile coaling is amorphous and il becomes mixlure when Lthe Lemperature is raised from 200 C 10 400 C. However,

the composile coaling is crystal when the Lemperalure is over 400 C. Scanning eleclron microscopy indicales Lhal Lthe heal

trealmenl lemperalure has no effect on the surface morphologies of the RE- NFW-P-5iC composile coaling. This is Lo say

that the composile coaling has a beller heal stability of microstructure and high temperature oxidation.
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1 INTRODUCTION

The composite electroplating technique as a new
functional plating method is attracting people’ s atten
tions, especially there has been a rapid development
in the recent tens of years. Furthermore, most com-
posite techniques have been used in industries '™ .
Rare earth( RE) elements are noted for their unique
physical and chemical characters and producing con-
siderable effectiveness with a little amount, so they
are widely used in the fields of materials science. RE
has been applied in the surface technologies such as

chemical heat treatment and

8]

plating chromium,

transforming films' "*. However, the application of

1

RE in composite plating is very small ™ 1. More

over, the relationship among the amount of RE,
structure, microstructure and properties of the com-
posite are not studied systematically and deeply.
Therefore, a new composite coating containing RE is
prepared by means of electrochemistry; and the struc
ture, microstructure and properties of the coating are

investigated systematically in this paper.
2 EXPERIMENTAL

Bath composition and plating conditions are as

follows:
NiSQ4* 6H,0 10~ 50¢/ L
Na, W04 2H,0 60~ 90 ¢/ L
NaH,PO,*H,0 5~ 20¢g/ L

Complex agent

100~ 150¢/ L

Additive 20~ 30mL/L
SiC 50~ 70g/ L
RE 0~ 9¢/L

Current density( Dk) 10~ 15A/ dm?

pH 6.0~ 6.5
Temperature 50~ 60 C
Time 2~ 3h

45# steel(40mm X 35mm X 3 mm) was used in
this study.

The components of RE-NrW-P-SiC composite
coating were measured quantitatively by means of
EDAX 9100 electron probe X-ray spectrum and
chemical analytical methods. The average value of
five- point measured values was used.

The structures of the coatings were analyzed by
use of 3015 X-ray diffraction, and surface morpholo-
gies of the coatings and distribution conditions of the
elements in the coatings were analyzed by means of
ASM-SX scanning electron microscopy.

3 RESULTS AND DISCUSSION

3.1 Effects of amount of RE on deposition rate,
SiC and CeO, contents in coatings

It is known from Table 1 that the content of SiC

particles increases with the rise of addition of RE in

the bath, and it reaches peak value when the amount

of RE is 7g/L. The content of SiC particles in the

deposits, however, decreases gradually with increa

Table 1 Effects of RE concentrations
in bath on contents of SiC and CeQ»;
in deposits and rate of deposition
c(REY/ (2oL ) w(SiC)/ % w(CeO2)/ % p/(gsdm 2h™ )

0 3.85 0 2.05
3 4.10 5.60 2.38
5 5.17 5.74 2.75
7 6. 16 5.96 2.86
9 4.56 14.24 3.07
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sing amount of RE. On the other hand, the content
of CeO, in the deposits and deposition rate increase
with the rise of the amount of RE in the bath. Be-
cause the RE in the bath accelerates the cathodic po-
larization of the bath and enables SiC colloidal parti-
cles in the bath to obtain much more positive
charge! ! it is useful for SiC particles to co-deposit
with NrW-P alloy under the effectiveness of the elec

trical field force.

3.2 Effects of amount of RE and heat treatment
temperature on surface morphologies of comr
posite coatings

It is clear from Fig. 1 and Fig. 2 that the amount
of RE in the bath and the temperature of heat treat-
ment have little effect on the surface morphologies of
the RE-NrW-P-SiC composite coating. It is shown
that the addition of RE in the composite coatings has
no effect on the microstructure and structure. Be
sides, it is known from Fig. 2 that the composite

coatings have higher heat stability of microstructure

Fig. 1 Effects of RE concentrations
in bath on surface morphologies( SEM) of

RE-NrW-P-SiC composite coatings
(a) —3g/L RE; (b) —9¢/L RE

Fig. 2 Effects of holding temperature on
surface morphologies( SEM) of
RE-NrW-P-SiC composite coatings
(a) —200 C, 1h; (b) —500 C, 1h

and oxidation resistance at high temperatures' ' !

3.3 Distribution of elements in composite coatings

Distribution of elements in the RE-NrW-P-SiC
composite coatings is shown in Fig. 3. It is known
from Fig. 3 that the distribution of the elements in
the deposits is much more uniform, without segrega-
tion. It is displayed clearly that the composite coat-
ings as deposited are amorphous, because the obvious
character of amorphous materials is that the compo-
nents of the materials have no segregation. Besides,
XRD indicates that Si and Ce exist in the form of SiC
and CeO3 in the coatings.

Fig. 3 Distribution patterns of electron of
elements in deposits( SEM)

(a) —Distributive patlern of Ce element;

(b) —Distributive pattern of Si element

3.4 Effects of heat treatment temperature on the
structure of RE-Ni W-P-SiC compeosite coat-
ings

X-ray diffraction patterns of RE-NrW-P-SiC
composite coatings at different heat temperatures are
shown in Fig. 4. It is clear that there is a “bread”
peak in the diffraction pattern of RE-NrP-SiC com-
posite coating as deposited , which indicates that the
coating as-deposited is amorphous. Besides, there are
some sharp peaks of diffraction in the pattern, and
the measurements show that they are diffraction
peaks of aSiC and CeO, particles. Moreover, the re-
sults of component analysis of the coatings also
demonstrate that there are about 4% ~ 7% SiC and
5% ~ 14% CeO particles in the deposits.

The composite coatings become crystal and pre-
cipitate Ni3P and W phases, besides there are aSiC
and CeOy phases, but the width of diffraction peak
keeps unchanged when the temperature of heat treat-
ment rises to 200 'C. There are not any new phases in
the pattern, but the width of the diffraction is re-
duced when the temperature is raised to 400 C.
However, the width is obviously reduced and Ni

(111), Ni(200) and Ni(220) peaks rise in the pat-
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Fig. 4 X-ray diffraction patterns of RE-NrW-P-SiC composite coatings at different temperatures
(a) —As deposiled; (b) —200 C; (¢) —400 C; (d) —500 C
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