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Oxidation-resistance of ZrB,-MoSi, Composite Coatings Prepared by Atmos-
pheric Plasma Spraying

MAO Jin-Yuan" ?, LIU Min®, MAO Jie*, DENG Chun-Min*, ZENG De-Chang', XU Lin’

(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China; 2. Insti-
tute of New Materials, Guangzhou Research Institute of Non-ferrous Metals, Guangzhou 510650, China; 3. Aerospace Re-
search Institute of Materials & Processing Technology, Beijing 100076, China)

Abstract: Agglomerated ZrB,-MoSi, composite powders with different contents of MoSi, were successfully prep-
ared by spray drying and vacuum sintering. Then ZrB,-MoSi, composite coatings were deposited on C/C comp-
osites by atmospheric plasma spraying (APS) using ZrB,-MoSi, composite powders with average size of 30 um as
raw material. The microstructure and anti-oxidation performance of coatings were characterized by XRD, SEM, etc.
It could be found out that the microstructure of ZrB,-MoSi, composite coatings was dense with bonding strength up
to 7.2 MPa. And oxidation-resistance of composite coating at high temperature could be improved by appropriate
addition of MoSi,. The weight loss of C/C composites coated by ZrB,-40wt%MoSi, coating was only 1.7% after 9 h
in air at 1500°C. The coating exhibited good self-sealing performance and excellent anti-oxidation ability.
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Kl 1 ZrB, (a)Fl MoSi, (b)¥ A 5B K 31
Fig. 1 Morphologies of ZrB, (a) and MoSi, (b) starting materials

Kl 2 ZrB,-MoSi, BB HIZE K R SEM i

Fig. 2 Morphologies of agglomerated ZrB,-MoSi, composite
powders at low magnification (a); and high magnification of
single powder (b)

AR S FH 85 5 A 1.6 g/em’ 1) C/C B A MEME
KR, KPR @12 mmx40 mm, H 320 S b4CH
& . R R Ik AT R 30 um
(1) ZrB,-MoSi> (AL H' MoSi, 5t & 11 43 Lt 731l 24 30%.
40%- 50%) Ak R, SRR &EEE GTV A F A
77 MF-P1000 B K55 B IR R, Wk T2
RN 1. T IHEU],  MoSi, & & 4 30wt%.
40wt%- 50wt%M] ZrB,-MoSi, H &1 K FRC N
ZM30. ZM40. ZM50.,

R AEAL S AE 1500 CF AT, g
JAAFE ) C/IC EAMBIFE PR E G B E T 1500°C
HLEELIP Y, R — 2 R (1. 34 4. 5. 7. 9h)JA, Bl
WA HIHECTRE N 0.1 mg), THHEAMETE
FE S PR AR LR

% ASTM C633-79 brfl, FIAGHZH L 58 v2:
MR 2 S AR 45 50 o hr k30 R R Y s
ar AT R 2% A BR 2\ A2 7= 1) GP-TS 2000M 2 Hi
JIBERSEI ML, 44 56 E Cytee 24 F] ¥ FM1000
RUKEH25] . K PANalytical %Y X 5 £k 7 5 1 (XRD)
AT G WA A AT 4 B, R NOVA

®1 KEFBETFHUR ZrB-MoSi, R BT ZSH
Table 1 APS parameters for ZrB,-MoSi, coatings

Current/A Voltage/V ~ Flux of Ar/ (L'min")

Flux of Hy/ (L'min™")

Powder feed rate/ (g'min'l) Distance/mm

700 75 40

11 7 110
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3 WERA ZrB,-MoSi, H AR XRD i
Fig. 3 XRD patterns of as-sprayed ZrB,-MoSi, composite
coatings

R E T AN N, R ZrB,-50wt%MoSi, ¥R )2
I T B RGBT kTR . 20K, ZM40
WEE C/IC ZEMBIEARN S5 G50 EIA 2] 7.2 MPa.
2.2 ZrB,-MoSi; ZBIME KR ENES

Kl 5 WiR7EA ZrB,-MoSi, E 582 C/C B&
MEHE 1500°CHEAL L FE P R m AR 2k, v LUG
H = PN ] MoSi, 5 5 [ ZrB)-MoSi, B iR 2 R
(1) C/C A M RHE A LR v 5 & AR A AR B
WG RE., HIEREA ZrB-40wt%MoSi, iR J2 1)
C/IC HEEMEHARESEAL 5 h R N E, HAML
9h JERERMA 1.7%, I B H s AL
PEfE. FHELZ R, ZM30 FiT ZM50 ¥4 2547 (1) ¢/C 5
B M ERAFESEAL 9 h JE IR E R 5 mk 38.8%-
27.2%.

Kl 6 24 ZrBy-MoSi, A IRIE4 1500 C4H AL 9 h
) XRD i, a] LA £ 1500°C44L 9 h J5 ZM50
FE S B R ZeSi0s, 73 75 /b i Si0,4Zr0,; 1 ZM30
1 ZMA40 £ 5 EEA A ZrO, F1 Si0,, ZrSiO, 7 Al
A o AR A ZeB, A1 MoSi, 484647 4, ZrB,-MoSi,
HEWIZAE 1500C S0 FEER AT R V:

2Z1B(s)+50,(g)=2Zr0,(s)+2B,05(g) (1)
2MoSiy(s)+70,=2M00;(g)+4Si0,(1) 2)
Z1O;(8)+Si0,(s)=ZrSiO4(s) 3)

Horp S B (3) KB E B PR, (1) 2ro, Al
Si0, 1t 1500°C L A%, SiO, ¥ Bt w iR ik ZrO, Stk i,
(2)4 Sio, WM& RIAR—mEI, 5 ZrO, KRN
R ZeSiOse IR N =, Si0, 7E 1500°C 2 4%
AR BOEAS, B RIFM<ESL1EH, R ILHART
AV AREL, BHIE T A ISR B ZrO, F ZrSi04 1%
RUBE, AE 1500°C 5[ AH, 6 v i I 9 B R S
Si0, (11 F A S s SR LF I <R e s #4E ©

Kl 7 24 ZrB,-MoSi, HEIRIEA 1500°C4 4L 9 h
JEWi 0 SEM M. MBI A LG H, ZrBy-40wt%
MoSi, 24 1500°C AL 9 h J5 SRR LS, i
ZM30 F1 ZMS50 32 W7 H e DA 22058 2 £Li

Kl 8 24 ZrBy-MoSi, A IRIE4 1500 C4H A 9 h

4 ZrB,-MoSi, E &2 e a1 SEM J& H

Fig. 4 Polished cross-section morphologies of as-sprayed ZrB,-MoSi, composites coatings
(a) ZM30; (b) ZM40; (c) ZM50



%5 3 34 B4, 5 B ETWHR T ZiBo-MoSi, 5 AR LU RE 285

a-ZrSi0,; b-8i0,; ¢-Zr0,

Mass change / %
Intensity / (a.u.)

20 30 40 50 60 70 80 90
Oxidation time / h 20/(°)

5  ZiB,-MoSi, &2 C/C B&MEHE 1500°C F &) B 6 ZrB,-MoSi, E GiR)Z4E 1500°C4 4L 9 h J5 XRD K%
WakiiiEs

Fig. 5 Isothermal oxidation curves of ZrB,-MoSi, coated C/C
composites at 1500°C in air

Fig. 6 XRD patterns of ZrB,-MoSi, composites coatings after
oxidation at 1500°C in air for 9 h
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7 ZrB,-MoSi, A WRIZAE 1500°CAAL 9 h J5 (¥l 1 SEM [
Fig. 7 SEM images of fracture surfaces of ZrB,-MoSi, composites coatings after oxidation at 1500°C for 9 h
(a) ZM30; (b) ZM40; (c) ZM50

7Zr 1 Si 2 3
:ﬁ.{
O
0 0
) Zr \_ﬂ 1 Zr
012 3 456 7 8910 01 2 3 4 5 6 7 8 910 1 2 3 4 5 6 7 8 9 10
Energy / keV Energy / keV Energy / keV

8  ZrB,-MoSiy H G HRJZTE 1500°CHAL 9 h JF MR SEM [T S fig il
Fig. 8 Surface morphologies and EDS analysis of ZrB,-MoSi, composites coatings after oxidation at 1500°C for 9 h
(a) ZM30; (b) ZM40; (c) ZM50
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