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Effects of Nano-Al,O; on the Microstructure and Properties of
ZrC-ZrSi, Composite Coating Prepared by Plasma Spraying
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Abstract: There is still a pressing need for improving the densification of ZrC-ZrSi, ceramic composite coating prepared by atmospheric
plasma spraying. Two kinds of composite coatings were prepared on TC4 (Ti6Al4V) substrate by plasma spraying ZrC-ZrSi, and ZrC-
ZrSi,-Al,O; composite powders. Effects of nano-Al,O, on the microstructure and properties of ZrC-ZrSi, composite coating prepared by
plasma spraying were investigated. Al,O;-contained composite coating possessed denser microstructure compared to ZrC-ZrSi,
composite coating. Correspondingly, enhanced mechanical properties were observed in ZrC-ZrSi,-Al, O, composite coating. Al,0O, with
relatively low melting point which could firstly melt in the plasma jet is postulated to fill the pores formed during the spraying process.
Therefore, Al,O; is considered as the promising candidate for improving the microstructure and properties of ZrC-ZrSi, composite
coating. A guidance is provided for improving the densification of the composite coating containing high-melting point component
prepared by plasma spraying.
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Fig.2 SEM images of the composite powders

x1 E2AMESHEXEN EDS £R
Table 1 EDS results of different regions shown in Fig. 2
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Fig. 1 XRD patterns of the composite powders

X2 G AR — 2 1 o3 A SR AE, (8] 2 O ZeC-
ZrSi, B AR ZrC-ZxSi,-AL O, 4 KB SEM &

Element
/wt. % /wt. %
Zr 33.62 22.08
C 34.51 10. 36
Si 31. 86 4.80
0 — 33.43
Al — 29.33

2.2 EEREMNAEREHIHN

Bl 3 MRS G FWER 20C-ZiSi, 5 IRZEM
ZrC-Z1Si,-AlL 0, EHWR)ZM XRD K, M 3a
AILLE W, ZeC-ZaSi, B A WRIZEN FE M N ZeC
7S, , [AlH4E Si0, F1 m-ZrO,, M 3b thaf LIFE
H, ZrC-ZxSi,-AL Oy 3 IR Z W E AN ZeC  ZiSi,
Ml a-ALO,, XTLLIE 1 AN 4 Hhiy XRD Bl A] A,
ZxC-ZxSi,-Al, O, S A M TEAE B F IR i P v JE AT
A RAEAA, BA B E T

Bl 4 PR G IR R ) SEM IR . M
Kl da AT LLE Y ZeC-ZaSi, H A WIE N EBFLBR S
B2 H G R FR A, A7 78 288 W il 1) A 0 ol



B4l

FRFHF 55 90K AL O, X558 IR ZrC-ZiSi, B A IWRIZE5H SRR 15200

33

1400
- *+-7ZrC
1200 - MR V-Z1Si,
) ‘ \ 0-Si0,
1000 j ‘ ‘ a-m-ZrO,
2 |
& 800 “
=z | ‘ W
)
= L | \vj *
z 600
= la | \\
400 - o ‘ oy | s
I o |
AL IR IS A V M
! {1
"E‘ o P g M’ W
0
1 1 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80
20/ (°)
(a) ZrC-ZrSi,composite coating
3500 v . 7:C
,Z 1
3000 V —ZrSi,
L S A —a~AlLO,
4, 2500 - “ o
2y F |
© 000 F ‘
Z F |
21500 [
gior .
1000 b vv‘\v ‘\“ \R‘ 1
-Y?Q‘Awm ¥ HV vie
500 ! A Vil 1 NA ﬁv R v Al v
WMMV \M &W i M\/\/‘\W* A, ﬁ ) waw LV
0 -
1 1 1 1 1 1 1 1 1 1 1
20 30 40 50 60 70 80

20/(%)
(b) ZrC-ZrSi,-Al,O, composite coating
B3 AR XRD i
Fig. 3 XRD patterns of the composite coatings
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Fig. 4  Cross-sectional SEM images of the composite coatings
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(b) ZrC-ZrSi-Al,O, composite coating
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Fig. 5 SEM images of surface indentation of

the composite coatings
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(b) ZrC-ZrSi,-Al,O,composite coating
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Fig. 6 SEM images of the fracture surface of

the composite coatings
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(a) SEM images of detailed fracture surface of ZrC-ZrSi, composite coating
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(b) SEM images of detailed fracture surface of ZrC-ZrSi,-Al,O, composite coating
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Fig. 7 SEM images of the magnified fracture surface of the composite coating
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(b) ZrC-ZrSi-Al,O, composite coating
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Fig. 8 SEM images of the scratch morphology of

the composite coatings
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