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W E: RAWSEEEAE C/SIC EAMBREH & T ZiB,-SiC/SIC BERfAL %k E. &
B SEM. XRD *t i B B0 4 # R A A R AT T Mt 58, AT T s A | f g N
Ko HREH,1500°C & Sh /5, B EXTREZH FTENHBEBHEAMLE, EUKEEN 6.4%;
WEMR 10 K 5% BB Ak EE A 14%. ZrB,-SiC/SiC % B 8 H R & C/SIC £ &M i E
BILEANME .

KB: C/SIC Z ottt BEiRMRERE @K

i

C £ 4E1558 SiC IEE A MK (CYSIC) 45T C 4F4ERT SiC FgE R 2t a, A smeE.
MERREE . RAEIK R B B IfuReh APt #GEERE, 78 1000°C ~ 2300°C 16 M iR 3R
5T BT AR (R AR R, FE R . v e A A s A Al iz Y, SR, E T
400°C [MAFEIREEH, Cy/SIC HEEM B A, A AT A Ttk SEMRERE S
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CAMAREM, £ ZB, @ Ei b EF 5l SiC fe RIEie s HprsaurEge, X2R N5 SiC JEE b
BN ENE SI0, IWHEE, WENE Zr0, |2, JMNZ I3 AH A 1R i) 2 e A i &
. Si0y 5 ByOs+ ZrO, IR A TE BB B ik 3 B CR 4P AH AN S10, 5 ZrO, [ONTE B il Hi 48 Ak i A
ZrSi0, EARIEBER M R i miRfaett, UaETREESMEN SR AR o, &
T SiC B AT LA m bR B S, B MR Wy I PE AN TS SR B SN U REL 10, (B, ZrB,-SiC
i ER R B iR R SRR R K REUREL, BRESBEINMN =R RA B2 AT AR
PRl /INBAIRH B UL FEE 6 FEE RS ), R BETE ZrB,-SiC R m R M %14 2 5 A A 1) 4% — 2 SiC iy RN TS,
MR ZrB,-SiC/SiC # miR B &R RZ, DA MFEE CySiC EAMelribraiutt, el s
HEMFREHER.

AR B PP AIETE CySIC BEMELER TG & T ZrB,-SiC/SiC 8 mi &R =, /it 5t
TR BN FAERR, HE5 T iRENERTUAEAERE.
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AW FC TR B2 AN SR A 2 S A3 € (Chemical Vapor Infiltration, CVI) A S IRARIZ 5154
fif T.Z. (Polymer Impregnation and Pyrolysis, PIP) il Cy/SiC E &KL K H 1 TR~ 8 30 mm
x 30 mm x 5 mm FJ°FAR, 600 H SiC Wb4RFT BEMIY, LAPT A UE 7515 ¥E 30 min, 11 f5 EHLAE
80°C Mt 3 h % H .

¥ 70 wt% Si ¥y CPEIRIAE 5 um, 45 > 99%). 20 wt% C #y CPEIRIAE 2 um, 405 > 99%).
F10 wt% ka4t BI7) ALOs ¥y CFHIHRIAE 10 um, 467 > 99%) IIAEREEGES, DLAERE A FERES 12
hs K ERES J5 SR HEAT BT 0545 2R A8 o B SR BHHER LF 10 CpSiC BN A S IR, RS
M T A, G 1800°C H R RESt 2 h RIFE3 Sic iy )2 .

il %% ZrB,-SiC ¥ 2 ALK} fH ZeBy ¥y CPIIRIAR 3 um, 4H/E > 99%).SiC ¥r (CFYIHRIAE 0.5 pm,
SR >99%). Kesh Bl ALOs K CFIIRIAR 10 um, ZH/E > 99%) ZHik. AW 5K = FA [H JE R
Ee (W3R 1) A0l 7 =420 RIS BREB S HLT 57k 5l SiC RZM . K Lk
Hl % AEE SIiC B2 RN BN, H ZB,-SiC BT, &S5 R 1900°C &
JERe4E 2 h B8 3] ZrB,-SiC 4#MRJE .

X TS R RE AT T 1E IR B S A A S0 AN AR S0 . E IR RS AL SEERTE 1500°C A AR
BEAT, WAE 1 aRE A % 2 2R B AU A I TR () AR 0K 3R o AR S50 2 KRR A 1500°C 23U R IR 10
min 5, EEE FHFE 10 min WA R EZ, 15 F BN 1500°C Sk Wit ss B8
10 R A EALIGFNINGE LIS R H A RV (i r4h) RERERE, THEIRZ S A A #
RS E AR R (Am%), THREARIT:

AM % = [(My —my) / mg] x 100% (1)

b mo IR A B R S B RT A SR, my iR S B — IR S0 S5

% 1 Z1B,-SiC % B & Tt

Table 1 The power compositions for ZrB,-SiC coating.

Samples Z1B, / wt% SiC / wt% ALOs / wt%
ZS31 77.3 13.6 9.1
7541 80.3 10.6 9.1

ZS51 82.3 8.6 9.1
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FIFHAA = PANalytical 22 ] ) X pert PRO 8 X B AT 4% (XRD) 47 22 FEI A m] ) Sirion 2000
TG R A BT R (SEM) SR )Z (AR A AN ST T R AE .
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Figure 1 SEM images of (a) the surface and (b) the cross-section of the SiC coating prepared
by pack cementation
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B 3 4 ZrB,-SiC/SiC & Z A B IR Ao X =N ASFE A AL L ZiB,-SiC/SiC ¥4 J2 2 Th 1]
F (a, ¢, e) ATLURIL, ZS41 WRJZMRTEE, Bhikiteis), fUH5545/0; M ZS31 f1 ZS51 i
JZ (SR TH UKL (8] &5 G BN B, R KN, (ETERR 2 MFLIR 5 24, X e fLIF 52 8URAE N A
PR E R SR BN R R A BEE 2B, SR Z, IREREMERRZ RS
FrBER, MEERELLA 501 B, SRJE A SRR AR R L R R ORI K, ER)E TR AL S 2
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s A, SRR EEE, BAWEMTTF RN, 5 Lk, MEsrEN 4:1 (ZS41) HIRIZR
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& 3 ZrB,-SiC/SiC % Ew A # H.58

B H: (a,b)ZS31; (c,d)ZS41; (e, f) ZS51

Figure 3 SEM images of the prepared ZrB,-SiC/SiC coatings: (a, b) ZS31; (c, d) ZS41; (e, ) ZS51
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Figure 4 XRD patterns of the ZrB,-SiC/SiC coatings:
(a) ZS31; (b) ZS41; (c) ZS51
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& 5 ZrB,-SiC/SiC i E £ 1500°C T4t 5h ey # 42 B8 Fr: (a, b) ZS41; (¢)ZS31; (d) ZS51
Figure 5 SEM images of the prepared ZrB,-SiC/SiC coatings after being oxidized at 1900°C for 5h:
(a, b) ZS41; (c) ZS31; (d) ZS51
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R WAFER RENBEAME, a2 0NUEE, & SRES RS MIE . XTRe 2 m T
7831 ZiB, &8 /b, (EEAL I R AR B ZrO, B Si0, WA TR I 45 & T 3 3 AH . AR T 1 (b)
WATLUE H, @840, ZS41 R ER T — ZECAEUE N ENE, Ak )5 12 R ELE 70 pm
FeA, BEEALRTIEZ BRI K KA. fEE 6 1) XRD KA SiC MHTELE, BIE #5 Sic
WEBAWAN . WRET 7 IR LI R 1% A2 A I R rp S A b (R 9 m) 47 4 HE BT B

6 N ZS41 R JZAE 1500°C %Ak 5 h J5 /19 XRD BEHE W Ha] DUE H, A5 R & ZrSiO,.
ZrOy. SiO, 1 SiC VUFh AR BT« X R IRZ R ZeB, 5E A ZrO, A1 B,Os; 1 SiC 2
HEA 2R HEEBT 1100°C K,

B,0; 2R FE R, SiC AMA KN SiO, fEL 4 70,
ZrOs ByOs 4KZE B, A ZrSiOq Al B 1k 35 : ;'g:
HEH, T ZrSiO, KA BRI BAR T ZrO, K% N mSiC

PRI BEAR I A ) B R 2 R
T A, TS R B R AE B A AR v R BRI AT
Re 8 A W0 S T A2 K 2 0 T s e 1 R SR
FLIAIO, Rk, ZrB,-SiC/SiC ¥ 2 RENS JyBE ik M

SRR B R R w"ui»' '° W«W

[ 7 4 ZiB,-SiC/SIC IJEAEZ i 1500°C 20 % st A

AL R AR S AL T 20 &R B 7 AT BLK B 6 ZS41 7 1500°C 44t 5h /& ¥ XRD [
i, FE & A AL ) TE] F3EK B EREE R R Figure 6 XRD patterns of the sample ZS41 after
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Figure 7 Thermal oxidation curves of the ZrB,-SiC/SiC and SiC coated specimens at 1500°C

ZrB,-SiC/SiC and SiC coated specimens at 1500°C
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On the ZrB,-SiC/SiC Ultrahigh Temperature Ceramics Coating

for C/SiC Composition
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Abstract: In order to improve the oxidation resistance of C¢/SiC composite material in high
temperature, ZrB,-SiC/SiC ultrahigh temperature ceramic coating was prepared by two-step pack
cementation on the surface of C¢/SiC composites. Firstly, the SiC transition coating was prepared by
pack cementation at 1800°C for 2 h, and then the ZrB,-SiC coating was prepared by pack
cementation at 1900°C for 2 h. The composition and structure of the coating were studied by using
XRD and SEM, then the anti-oxidation properties of the coating were tested. It was found that ZS41
endured oxidation at 1500°C for 2 h and 10 thermal shock cycles between 1500°C and room
temperature, the weight loss is 6.4% and 14%, respectively. The micro morphology of the coating is
good , which indicated that the ZrB,-SiC/SiC coatings can effectively improved anti-oxidation and
thermal shock resistance of C¢/SiC composites.

Key words: C¢/SiC composite; Ultrahigh temperature coating; Pack cementation method



