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Fig. 1 XRD patterns of as-sintered anti-oxidation coating on

C/C composites
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Fig.2 Surface morphologies and EDS analysis results of oxygen barrier coating on C/C composite: (a) ZSS; (b) ZSM; (c¢) ZST
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Fig. 3 Surface micrograph of CVD SiC coating(a) and

cross-section morphology of ZrB,-SiC ceramic coating(b)
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Fig. 5 XRD patterns of coated C/C composites after oxidation

at 1500 C
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Fig. 7 Cross-section microphologies of ZSS, SiC/ZSS coated C/C composites after oxidation at 1500 ‘C: (a) ZSS; (b) SiC/ZSS

HLI, 7E 1500 CHF, ZSS 32 PEE A L T frp &
AL B AR

SiC(s)+20,(g)—>Si05(s)+CO(2) (4)
Si(s)+04(g)—>Si0x(s) (%)
ZrOy(s)+Si0y(s)—>ZrSiO(s) (6)
C(s)+02(g)—COx(g) (7
2C(s)t02(g)—2CO(g) (3)

TEAACIIGIN B, ZSS W2 HA A KR ERQ)~5)
PRI RN BB, WRIZR AR ZrO, Si0, 5554k
W, WREREIG . EEAE I, B TR R E
BHIGE, B SIO,A—x B@GRe ), (ks
RANTTZE VR AL, RN R A T, A
RAEREE, W DME@)FTR, S8 ZSS BEIR
FEFRER N . T 0 %0, 4F 1500 CHY, Fik 3
TR Z I A AT FEACAR = B2 S AR VR 2 FLBR S BB v
FI BTl {515 900 CHILL, SisNy. MoSiy. TaC
SN INFIRER AR B AL PERE IR SR 954K, o

SiC/ZSS-C/C ¥R ARFEA AN B, 5 ZSS
WIERAMFE RN, AR Zr0,. SiO, 44k, 35
WE TGN AHBEAE EA R N Gk SE T, SiC 4
AR Si0, JEdiAH . T4 AR Si0, B R
FEMEHATRELER, T4 Si0, W ZrO, KA K V(6),
A8 R R E MR ) ZeSiO4. ZrSiO4 AHSR L AT T
Si0, BeEgAH, IR ILRATHLERT, gk
TS AL IR R IB N, A R S A 1L
Bidr. St FithiE TP, wiRE e it
FALPERE I A . XA R R R I i 2 R
SiOy. ZrSiOy S BHES S VT I N HO 42«

3 it

1) RH W R SABNELE C/C 6 M
RERIH % T H Zr-Si-B,C R Nkesiid i )2 ZrB,-SiC
ABRRY)Z . SIC HIHZAI RN ZrB,-SiC %2 2 5 &5
BRI, BARFEREZ) 200 pm.

2) SisNy+ MoSi, A fR iF i it ZrB,-SiC 4 P4
JEERReSs, ARZECEM, JHRmEIRIELE 900 C
MPTE e rERE; S22 M, TaC WIRBEIR I R $ 350
AR, SRR ZAE 900 C I HLAA AL M BE M3 AT PR

3) ££ 900 CHT, ZrB,-SiC H:fa Bk 2 A b il 72
F B AR E LR BRSO, AR
2 SRR 2 ) B AR R R R 2 P AL
PERE.

4) 1t 1500 CHEAS RS, WRZHUEM IR,
B AL SAHDUR SiC BHEJZ 0510 25 oG
IRIZAE 1500 CHFIPTAALPERE, W2 R IMAE R T 504
5 ZrO, Ml ZrSiO, 55 5l U MURLIK) Si0, B
PRI, B AE T A AL BT

REFERENCES

(11 Baz, B8 A SRR/ B2 HI S AR ] & HoR [M].
Kb WAL A EOR AL, 2006: 1-2.
HUANG Bai-yun, XIONG Xiang. Manufacturing of
carbon/carbon composites for aircraft brakes[M]. Changsha:
Hunan Science and Technology Publishing House, 2006: 1-2.

[21 % & TaCFERSME C/C AP RHI BT % S L RE[D].
Kevb: K%, 2013: 1-80.

LI Bin. Design, preparation and properties of TaC ceramic



TEEYE, %5 C/C HEMEL ZiB,-SiC HE M ZEim = IO &5 1y K A AL HLER

1677

(4]

(3]

(6]

(7]

(8]

(9]

[10]

modified C/C Composites[D]. Central South
University, 2013: 1-80.

FOFE, W & AL, WA, R T e i b
B CICEAFRINTTCE R, P EA g )m =), 2015,
25(7): 1731-1743.

LI Jun, YANG Xin, LIU Hong-wei, HUANG Qi-zhong, SU

Changsha:

Zhe-an. Research process of ultra high temperature ceramics
modified carbon/carbon composites for ablation resistance[J].
The Chinese Journal of Nonferrous Metals, 2015, 25(7):
1731-1743.

Z K, BRIEAL B M. HMUEHEXTE C-SIC-TaC-C S
C/C EEFRIIZAERERIEII[T]. RAEER, 2012, 29(1):
98-103.

LI Bin, CHEN Zhao-ke, XIONG Xiang. Effect of heat treatment
on mechanical properties of C/C composites with C-SiC-TaC-C
multi-innterlayers[J]. Acta Materiae Compositae Sinca, 2012,
29(1): 98—103.

ZHANG Yu-lei, LI He-jun, LI Ke-zhi, FEI Jie, ZENG Xie-rong.
C/SiC/Si-Mo-Cr multilayer coating for carbon /carbon
composites for oxidation protection[J]. New Carbon Materials,
2012, 27(2): 105-110.

WIXAE, RV, EIRTT. SRR AT B R ).
K, 2006 (3): 38-45.

HU Xing-hua, WU Ming-bo, ZHA Qing-fang. Development of
oxidation resistance of carbon/carbon composites at high
temperature[J]. Carbon, 2006(3): 38—45.

R, ML, I B C/C BEME B T
HERE[T]. A E B2 Tk, 2008, 14(5): 28-31.

REN Fu-qiang, LIU Hong-juan, SHEN Yi. Progress in the study
on oxidation resistance of carbon/carbon composites at high
temperature[J]. China Ceramic Industry, 2008, 14(5): 28-31.
AL, APOR, FRWL, X7, stk BSUEN. mR/mK
A BRI SR ). U HlEBOR, 2003, 5(12):
26-30.

HAN Li-jun, LI Tie-hu, GUO En-ming, LIU Fng-jun,WU
Hong-chen, QIU Hai-peng. Oxidation protection development
trend for carbon-carbon composites[J].  Aeronautucal
Manufacturing Technology, 2003, 5(12): 26—30.

ZHU Y C, OHTANI S, SATO Y, IWAMOTO N. Formation of a
functionally gradient (Si;N4+SiC)/C layer for the oxidation
protection of carbon—carbon composites[J]. Carbon, 1999, 37(9):
1417-1423.

PI H, FAN S, WANG Y. C/SiC-ZrB,-ZrC composites fabricated
by reactive melt infiltration with ZrSi, alloy[J]. Ceramics

International, 2012, 38(8): 6541—6548.

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

M, FRfede, MR, BB, WokE, TR i
B e R I ST RE (D). S as MR R 5 TR, 2012,
35(1): 102-106.

LIU Guo-xi, GUO Zai-zai, YAN Dong-ming, MU Xiao-ming,
CHANG Yong-wei, FU Yu-dong. Research and development of
ZrB, ultra-high temperature ceramics[J]. Ordnance Material
Science and Engineering, 2012, 35(1): 102—106.

YAN Y, ZHANG H, HUANG Z, LIU J, JIANG D, HUANG Z.
In situ synthesis of ultrafine ZrB,-SiC composite powders and
the pressureless sintering behaviors[J]. Journal of the American
Ceramic Society, 2008, 91(4): 1372—1376.

ZOU X, FU Q, LIU L, LI H, WANGY, YAO X, HE Z. ZrB,-SiC
coating to protect carbon/carbon composites against ablation[J].
Surface and Coatings Technology, 2013, 226: 17-21.

ZHANG W Z, ZENG Y, GBOLOGAH L, XIONG X, HUANG
B Y. Preparation and oxidation property of ZrB,-MoSi,/SiC
coating on carbon/carbon composites[J]. Transactions of
Nonferrous Metals Society of China, 2011, 21(7): 1538—1544.
ZHANG Yu-lei, LI He-jun, HU Zhi-xiong, LI Ke-zhi, ZHANG
Lei-lei. C/SiC/MoSi,-SiC-Si multilayer coating for oxidation
protection of carbon/carbon composites[J]. Transactions of
Nonferrous Metals Society of China, 2013, 23(7): 2118-2122.
WANG Y, MA B, LI L, AN L. Oxidation behavior of
Z1B,-SiC-TaC ceramics[J]. Journal of the American Ceramic
Society, 2012, 95(1): 374-378.

REZAIE A, FAHRENHOLTZ W G, HILMAS G E. Evolution of
structure during the oxidation of zirconium diboride-silicon
carbide in air up to 1500 ‘C[J]. Journal of the European Ceramic
Society, 2007, 27(6): 2495-2501.

T ZiBy-SiC HtH i il M R S A R R AL R AL
PRAT[D]. WEIRIE: WA ZKEE TR, 2000.

WANG Chao. Characterization and evaluation of failure
mechanism of ZrB,-SiC ultra high temperature ceramic
composites[D]. Harbin: Harbin Institute of Technology, 2009.
BB KiHE, 8 M C/C BAHE SiC/ZiBy-MoSi, B4
WRIZFIPURAHLEIT]. R AEMERER, 2010(3): 50-55.

ZENG Yi, ZHANG Wu-zhuang, XIONG Xiang. Anti-oxidation
mechanisms of the SiC/ZrB,-MoSi, coating on the
carbon/carbon composites[J]. Acta Materiae Compositae Sinca,
2010(3): 50-55.

JBE, WEDT. ZeB, B SIS STt (], AL LRERE, 2013,
32(10): 2434-2439.

ZHOU Ting, XIE Zheng-fang. Research progress of preparation
of zirconium boride ceramics[J].

Engineering Progress, 2013, 32(10): 2434—-2439.

Chemical Industry and



1678 Hh TR (< R 2 AR 2017 48 J1

Microstructure and oxidation mechanism of
ZxrB,-SiC ceramic coating on C/C composite material

WANG Xin-shaung, CHEN Zhao-ke, XIONG Xiang, ZHANG Tian-zhu, SUN Wei, WANG Ya-lei

(State Key Laboratory of Powder Metallurgy, Powder Metallurgy Research Institute,
Central South University, Changsha 410083, China)

Abstract: To improve the anti-oxidation performance of C/C composites under high temperature and oxygen enriched
environment, ZrB,-SiC based ceramic coatings with Si;N,, MoSi, and TaC addition were prepared by two-step slurry
painting+chemical vapor deposition (CVD). Phase composition and microstructure of the as-prepared coating were
investigated by using X-ray diffractometry and scan electron microscopy, and the isothermal anti-oxidation mechanism at
900 ‘C and 1500 C were also analyzed and discussed. The conclusions are as follows, the thickness of the as-prepared
ZrB,-SiC based composite ceramic coating is about 200 um. The densification and the anti-oxidation properties of the
coating can be improved by the addition of Si;N, and MoSi,, effectively. While the anti-oxidation properties of the
coating can not be improved by the addition of TaC effectively at 900 C. At 900 ‘C, the oxidation process of ZrB,-SiC
ceramic coating was mainly controlled by the diffusion of oxygen in pore and other defects in the coating. The
anti-oxidation property of coating can be improved by the addition by affecting the density of coating. In the oxidation
process of 1500 °C, the oxidation resistance of the coating decreases. The introduction of the compact structure of CVD
SiC sealing layer can improve the oxidation resistance significantly. At 1500 “C, in oxidation process, SiO, glassy oxide
film with ZrO, and ZrSiO, on the coating is generated, this can provide effective oxidation protection for the substrate.

Key words: C/C composite; ZrB,-SiC based coating; additive; anti-oxidation mechanism
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