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BEEBIERE, EHTEHIR . AR TS 2 R . IR, S2AVE BN IR R 5 N
fIIREl, R E AR R Bk 2 L. SRS RAMEELE, &SRR/ E a R
T EAT R BN RAFRI 2 ERE, R ONBAR R S B Rl JRATR MR 4 1 2
PG IR SRR BT S R AT R R R, AR 4R R RN A R Ry 2 T
PRHRE S BRI AN, LT YRR (0 S Sk s 0 [ N Ak S BB 2 A RHI I TEEAT T 45
A,
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ZYIRE M RE R SR BT 5 M RERT AT
ZEAR
1 hERERE LR SRR AT
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Plas% B R R E CVD TZRRIZEL T 5k
A2, SO L2, VRRRL 2, PRAERI L2, WRIE L2, EARM 12, Ea 12
LR TR MEE S BORE X E s s, i1
2. WEE BRI T AR SR I WIS o, T AREIM

WEESMPURER (CVD) 2 H ATl & m it B s im s Ak b i i = B 2577k 2 —, B2 CVD L
BB Hi 26 BB, SRR AN RGEEAT MR G L. AW U T4 S mil i
SRR [0 N SEBL T X Aey) CVD PR R il R G004, W TS EC S iR -, A
gr DU . JURRRCR ANHT AR R 2 S oG F AR 2 TR (IR R A 1 e SRR BT o R aE— 2B A L
I PR BT TR S 1 15 VAL, B T IREERIFEARSL il CVD 2RI ER IR T .
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SRBIEEFURE R SRR FARE TN £ Z R E N E SRS R 1 RE
W, TMEY, EBM, AR
1. PEdE TR

RICHEH T 2 2 SR SIB0E A TR BR8P B0 o0 AR A, T T sl A SR A B T ST A
YA AR LSRRG S5 A AR URGEREE . IR M RUAR R SR IR AN PyC SR
WA EAE EE ST, ¥ PyC FL B AL 5 1 R 2(PyC-SiC)n £ 2 LT, [R5 8 1 BRI IR I6E 17 51| S e s
8 s T DR YE/(PyC-SiC)n % )2 FHHT XA B3 A% ST AN A1 4 S A A0 i A I 78 s SR ELVR RO
O mA = 2 0E, BT AWM EHEAR R S ZECT MPUGREE . thah, RS SAEBEC VI &
1 Cf@(PyC-SiC)n/SiC(n=1/2/3/4)Z & #E, WA 1 HAARET S5 02 tkae, IR EULET. JFHihisREm
SEIOAE 5 TRIE AT T AT EG . G5, Prhis R R S e g Rv& RiF. PyC-SiC £ 2 A mxt
FEME TR R R I AN s, BN T2 2 ARSI T RAU A A, R T AR 2 ik
o S ZEE R IE K i T AT B AR, B> T AR S A AR
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T3
1 LKA

AL A E L R REHL S A% Ao A el T s R R 1800°C LA R il B A A8 P B B i 45 # F
Ble X R TR SR iR G SRR R D IHEAR S I e AN GO K IR S A R i T 22
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P X 4 J8 TG 2 2 R M S 5 & S (RHEAS)FE 1200 °C LA B BARE SR, 51 TR G iz %
7, W NbMoTaW A Sl & £/ 1600°CH /55 A KT 400 MPa [1JE ARG . UL NbDMoTaW & 4 2Ll
WA B TR IES R LR, MEREHSREERES, Wb b arib s s sl a4, FEd R
7R RIA G 2 X e 4, RAFHLA TR RIRSE I 22k e, SRA SRR . XA & 41
1000 % 1800 °C i [ P EL A A i 1 = 4 Jee AR 5 B2, FLHh NbMoTaWHIN MK i & 4 1800 °C 5 ik F1] 288
MPa, SEHLT N SRS m R O E ORI AR T s T A S, BFalE S, HIEE
JEA R G 4. XML S A M A e R R M = S SR SR N BT I LR N I T .

C08-10
FIRE M T MCrAlY & &4 40 R LW 7T
B, TR
L W ERHEREA IR AR

ISR 1A AT Thermocale % MCrALY &g fE MRS T8 il it R AAHZH 23 B A 2 B A A
ZMEMEAT T, AR BB AT BEIZHTH S R RE T, G EN ARO3 & RN, BASER
Y, e e BB AR FFE G 2N BRI T AR RN T Na2SO4+NaCl A&
WA BN AHH AR AR . RIS HEAT T MCrAlY & <) v g AR sl , 72 IR S AR A o
M EW R iR, AR R S5 R TN 1 SR B AR a s, RIIR T A n] DUAE — e R b
D9 #AE bk 6e A FUH T B
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KR SO GH3617 & AR XM RERALRFAE
BOE, FEM, RIML M, FEE!
1 R e e SR T 7 i

GH3617 & &R AL i IN617 & & TE B E =&, TRIE S A HE ) A 28 A
HEEREEARL, HAZUR S RE 0K AR e T S R R HE BT M IR e B R
5 IN617 G4 A, GH3617 G4%i 7 mAsaionsz—l (B), VAR IR = A <2 ifi17 A fEit
TEOLR, GH3617 & E KR IS A2 o A S8 M 3L VR R 3B AT N 2 75 BE 8 IH f2 =il <A HE 40
R ESR R EEERN. ¥ Tk, AT/ELITH GH3617 A4 MRt %, il RERE
(750°C~1000°C) FHIKI (e 10000 h) B2 I 205 e REMR, #4858 7 Tl GH3617 & 411
IFE M LI RER L R-IE . S5, BERS ST H ZEK, GH3617 &&REIRMBETIAKN, UiAHKI
I 2500} 5 4 B R B FE S5 s AEAE MR A ME R B RIS (950°C) N, A 45 I T B A 5 [A] ZE
KM RIS PR B J5 A8 T B R REAE . I 00 A 4 iR % 950°C R S sE B N B ., 33
RIS POE TGS FREMRIE. XEERHASAEKMNPOEE P& AR, &
750°C~1000°CH Hud #EH, GH3617 &< &4 TR MR IR, 2 5040 T E i, %
ORI BOIR M, SR UGG SR A BT RN R X HA FR B A & B A SR L,
750°C~1000°CH % GH3617 &4 IR £ M23C6 Taik ), /8y MC Fl M6C Btk 4, 1Lsh,
BER SGR TR, SR RS R,  HE BE RS I R
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M iR fBE T AT P B R R E SR & T R EMER SMEHRE L. 28R A st PE s iy
mo UIRPRREREESMEUAL . R SEERE LS, Wi R A RaYRE S RIERER AL Rk K
PR P AT B B R AR B EN A B R R ML SRR B AR SRS L TERE
DL ALl etk i B A A R, AR BT IR S EHRZ . AR B R SR 5 1 2k R
(FIBTF FERE S o
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HRRIE R O RER A 3L CVD R H
XL
L U TR SEM R R 5 TR e

BRACRERR B2 — Al AR S REDs . AR R U S Rase PRI R URGR E m I BR bR,
BN TR A AR 2B IS 35 S0 B B IR GOSN PRIER JE 2R i R R S R = 2%
FER G BRI T2 B R, PR B SE R 1 T RIZ D ON R AR B R A AR A
I A BTk (B IE M A PRI AESLER 2 . AR AT A SR ONS5 FE, ™ ERR A 1 1A
& WA RE R 2 — 2 AR o ANHR A $8 Y SR TR SR 2 A 1 (Y ] - SR B B M i ik, R T 17 MBE A
FERT IR AR S NLTORR SiC AR EAI M, SR 1 344 3 P B R 1 )= M BCE S50 5 41914,
AR, DV RERRAL R AR R 2 M P F B AR I SR 00 10 R8s
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1. G2 HURH K

HAr, MARZEFE AR LR, HFs LT 7 A A DR R R B, RaEARKIT A
X IR 2 A A G EE . AN TR IR UK BB B B SRAE M B B BRI 7 TR AE ELRI 20 1Y), 1) 2% 0K A 25 e 45
PERRIIA M R EE HARE R . W48 B K HIHE S 2 A B 2, 7R AN 20 AR Bl S 2 772
FIRETC. SIiC 1ERN—Fh 52505 SAR A A TE . Z K. RIGFKPEMERAbUStttas, 21RE
HIT 3 P v UL L SR L SIC K2R (SiC NWs), RENFERUHE IR BL KRR, SRALRRALE R Ak
IR, BT IR AR . Kt &R TE IR Ni ki SiC NWs B4, AMIBENGE PRI FLPTIT
BeEE, b REEIG IR AR FENL ] 0 RS2 T L0 A0 DR i 1 B - Ni/SiC NWs ZAMEHEEE N 1.9 mm B
AR BFE AT IA £-49.26 dB, EAB N 4.25 GHz; TEJEEN 1.8 mm B WU+ % 9 5.0 GHz, JLT-7]
A Ku BB RIS SRS B — & LA i kRe
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1. R Tk

H BB R LA o A P B SOl e B S, AR S RE N, DL S I A
TAF AR IESE IR, AR SO A SO R R . SR, T A RSUETE S AR R B A
HIE B, FF B R 1B 56 R SR Ot i, 3 AT 250 /N R B 755K o AT TE MK T
RS DR SGEAERI BT I A BE A, WIS 1 & 2 R A R ALY . BBt R AR Th B . RIS
BIAMER SR 5 AR, IRZREIEE T A e 7S WO S MR Ee, DU th B euE 2R
AR REFE R 2 A A
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Hf6Ta2017 A KAT R, mAIK R BRI R B TIPE, IRA TR LR E (TBCs) #
Bl R KRS E FWHAZEHI% T H6Ta2017/YSZ XM EZMERIE, WFR T RO EE MR 24 R Xt
PAEIAPERERIPT CMAS T RERI M . £5 SRR, HF6Ta2017 fEMHAFE R &AL T PUE R FEE TSR
DI 3G, £ Hf6Ta2017/YSZ TBCs HOMLSL S5 2 1) HfO2 AH. b4k, Hf6Ta2017 HIFLBRZFEE RS
HW TS, FECLMAR RS S .. X T BA s & i /> HIO2 #H¥) Hf6Ta2017/YSZ TBC,
7 1200°C FIR1E T R IR REL, &8 YSZ TBCs I REI M f% . A TAE A APS #l & FMIF & =04
ERHE 7B Ik .
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REHEEGSRAEHFRERE R

T, k!

1. RisE R

iE T RN AR I A 4 7 B B AR R S M P BE ARSI 32 . Mo-Si-B 1k R & & MMEE L 1o
44> (RMPEA) JE/R T BRI Sy, (HAECUEGE R . A5 188 R S A S8 T 52 1k 7 T T A7 — ek
Mo-Si-B 14 £ i I 78 £ AR 7E FL AT Mo [/ (Moss). Mo3Si fil Mo5SiB2 (T2) MRIM& ) E. 4R
MM, Moss FHHT Si (VAR AR T A& MERERBIE. AEIOX— 8, —FHErisitiET Moss. Mo2B
AIT2 M, EIEFEAK Moss H Si A ERE RIS st e, [RINT T2 AHGRHF T Pria bt pe . I InERRIBR (625
PFRE] 8 g/em3LL N o X T 5 Mo A 4:HI RMPEA #it, BARHEWMERM R, HEMEN YT LI
RHIRY . NG, AR T —FBifRE v, W5k 7 &S MRS M.
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T 0P E BT & AR AR E B R A M BEIR R /14 R ek RERT 5T
AH KL FEEDT L M, M ad !
1. PHZH T REBOR Y

HfTaC [&]# 0 B B LR A b s AR5 B BTk Ve RE SRR IR, A BB RS AT 231 3000°CFART 3
MOBHR R 75K 2810, [ HEC A1 TaC it R 25 IO 3L SRR VE ABUIR K B 9 BCR B, KR il 46 (1
HfTaC iR ZAF A BIAATE S hPG 2 S, ™ E RS 7 HARIABRE N . I, A
SCE PRI ZIE KL, LSRR TR RN AE R TERMEEOR Al G R T — R 51 HITaC # ik, FRAIK
FEERTWIRITIEM % HITaC BIEIRIZ, Z9R5RW], He RN SR8 7 BRI R T i 4 7R /= /& HFTaC #
MR BIRZ R B4 6 5%, FLBRRAK, AW wITE 2y 35.64 GPa Al 3.66 MPa-m'2,
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RNT R BIREIRZECERE . FE PR mhEgE, T Ld$% 777k, 51N WC, REH5E T WC
X HETaC IR Z O EER  J0. 3 R MERE Sz . 45 R, Pl & (1) HETaWC B AH VAR JZ 454
A, YR —, LRSI WRENEEEE RN 258 40.54 GPa 1 425 MPa-m'?, #AGHN
7.42~15.81W-m™ - K IR JZTE 2.38 MW m 2 #FL % FE T 10k 120s Ji5 5 f e T 238 A 26 oe 11 26 73 9-0.550 mg/s,
-2.083mm/s, FIHELFFIPTREhERE .
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ET RO RS SiCH/SIC R AP RHRIRR 55 5 15 R A ELRT 2
RIGER ', AELE ', ZEEE ', DEIA!
L AR AR K2

SiICI/SIC EEMEL AR B Sl A SR S, RS K AL fa 1 (R BEAE AR . 9%
PG SICH/SIC E A MR B AR 2 B R BIE Rz —, IRNIRIIHAE U IRAR ISR T 198 57 340 2R AT N
R HNBEECE T, A SR 5 A4 (acoustic emission, AE)S AR EALAR T T SiCHSIC B &+ RHE =i
AT 1350°C/ 23 K388 R IR B KL 84T M. 2T AE 55 @5 T SiCHSIC B &Rt 2R 3 72,
HIGAE T2 BN T iR AE W pA Rtk . 454 AE JRALIE RIS 4T, WAL T SiCR/SiC B4
WHARE G 5708 A8 . 115 T EL A5 A BR (proportional limit, PL)I iR IR 5747 R, B W T 76 R R AE N 1 7K
N AT RN AR R AL A A B A B 7 R R AL . AR S R E AL AE Bl 7V AR
SiCH/SIC E-A M BHEUT IR AL T 4 15 2R AT IR ML T HORSCHE, A KA SiCHSIC Ea#EHT
PUgs 57 B R AL T B SRR

C08-22
BRI TR K LSRR S AR A
B2, RGN, g 12, AR 12
I MEIEEFEOREREGocle s, TR, Wit ®5, 430070
2. A SRR T AR A S W o ol AR ML 521000
3. PUGREZ MWL Hmscgn s, HOE TR, #idt ®5, 430070

HEREGEE S S, WEERRRE, HBEA RO, AT HR. IR ZE Tk 55480
W E SR AR, SR, B A SRR, B AP A e 2 s, RS AR T R 5
2N ST, AR RS S TR, @ R R, fEAiEH 4 Jm 3 ] % 1 se i
S Ta-N JZPABCE HLR I ) ERe . BEFLai R, WEMWEEE TR, JERH Ta2N K=, Ta(N)[E
VSARAN TaN0.04 R ZH BB SR JEH, Pkl &0 Ta-N BZERAGOKGEEMW . e m, AR
FEFNGK SL L5 Ta-N 2 FEIA 2 26.89GPa, W3 & T &G BN TT LM 1) Ta-N 58402 BB EE45N
R, Ta-N P&EZMERPUTE Bk, BIE/D, RIS EERE; b, folS S Fa bbb
ATE ST S UNGHE R A 8

C08-23
i AT AL R AL E BB R T CMAS JR bR P B LA
SRR !
1 RHE R AP BAD A PR 2 7

YR E(TBCs) AT =il mba Ao e e ae, S22 R ST AR S0 AN T B i G B B #4744
Kl ATDURERC T & &RMIRE, WEEMA BRI ER- . SR BREE L RSN R A e
T, IR 2 AR IR R B FE A S 2 32 B KA Ca0-MgO-A1203-SiO2(CMAS) &R Ji i, SECHLRFITE, X
W R AR 1 2 IR B P B GRS I AR RO e ARSCRA T — Pl T AL SR W, SRR AE R 2
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EHRIEFE A TR BB ARIT N BT RE Ak F e iR S IR 2h M B A AR iR EAM R, R
FHLRY CMAS 217, 4L 1200°C~1300°C =i s B S IR A S, A7 % CMAS JEMAT N, g5 ERH 5
WG TR h e —FhEAE TBC ML, iR ML JEAT AL R AN CMAS s 8 ol L 1 o A St B
S EAK 4

C08-24
o L BHIR Eh IR R TR R
T4k 1
1. BUH TR

SeE A R BRI R . R AR N E L S b = TARIR B IE b, PR 2 R4
YRJoe 3 A T e R 7 AN BN A A g 6 ST R BIE T8 44 2T ) Y SZ 4 R AR 2 ol T AR AE il
HAZ . A S 2RI CMAS J&hiRE ) 22 45 A L2 Je 100 2 Je b 2 R s L I S 5 5K, e 0T 08— AR
O i R KA BRIREM R SR AR RETaO4 BA AR ZE BR3P — M AZ,
gh A H BT R T R m AR R BN CMAS &8l S0 sS4 2 A R — U R AR i 2
TGS . VR ARG R Z. J)- e BN . BT CMAS ORI 2 IR I e 45 1 B2 Kk
GRR TRED 20 ZAERM L HIR P TR, vt — PSR ER IR RO RS N IR AR, MK
& FAE Progress in Materials Science (IF=37.4)F1 Acta Materialia %5 ¥,

C08-25
REERE S A ERE LY BUT A
XL
1. 742 LR R

BEXRHIRECHL A th R T R JE 1 S A Ee A R, BT 1AM R R R N S TR R
iR G &R RE R TR LY BUTN, 0 7Y B SR MRS SR AT A RERI R . 25 AR
By 8 RN AR S EUE Y AU M RN R B4, OO BZ AT E & Cre W, Mo 2870
NS (TCP) M. B ERERIEIEN T RGN EE— P RAL, RI=FEAE TCP M: o M.
s P, H oMt o M1 PAHZ AR AT 14T D9 . X8 TCP AT HHE K T 3L OREEE, W RE
BN ARSI RE P 2SO ARTR, X 7322 1k RE I iR

C08-26
ZrO2-SiO, S B E iR A8 2 M R SR B B AL
HEm L, R4hE!
1. HRET R

AW FRAETE - FE o — W3 — 2 S R e (DDS) 1R N SLRTIRIR I 7 et Zr02-Si02 <kt
e (ZSA) 3% DDS/ZSA. FHJE7E Ar 5 R LEL 1000°CH H HL-TCHL AT IR AR (DDS/ZSA) BEATHR
# % SiZrOC S «

DDS/ZSA HLLT ZSA, WEPEF AR M RES BIE R T, BT Si-C iyl 51 M 5] N 2 = 4k 2% 45
P, BB T AR B A I o RIS AR R SR TR PR SR R A A S BRI, BRI R B 4 5 | R R A
RN T 0] o ASEER AR AR IR A2 T B AR R, S5 AR A T AR R R PR . 22 1000°CH AL (B
#) 0.5h J5, DDS/ZSA W Z LM AR IREF BRI, H&SHRIA(259.6m2/g). mfLIAFR(1.51em3/g)
FEAFE 0.04206(W m-1-K-1). & HHTXT ZSA tEwF i 258 1000°CHbeE i m i bR A . Hibk
AR R B 84X 48.93%.

B IR AL FESEIL T Si-O A Si-C BRI 2 AT I AR I AR iR AR e TR Si-O-C 45#. SiZrOC A
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H T FLBR S A TR B . 2 1000°CHREE 0.5h J5 SiZrOC 4% 76.8%1 LLAR THIAR IR B 26 A1 75.8%FL 1A
MUREE R, @ 1 H AT &SR] ZrO,-Sioy B . [FIN SiZrOC 462 R &G IR #WERE, SiZrOC
ARBEAE IR R AL 1000°CHBURE G S 205 0.0273 We-m K FT0.0332 Wemrh Ko JAI T R BRI Ak
HAFAER BT RIE « Sd B S 80 Si-C A1 Si-O BRI EHEA S 7B SiOs 451, (#15
TE G SR A B P FE,  SiZrOC f7A1EH — BYi (R AR AL AR 2 B P B, (75 s #ivase RN Si-O-C 4544
Bt —BHn. BkE 2.0h J5, SiZrOC (LR AR FLAARFRASRIA 220.5 m/g Fl 1.49 em?/g. 3X 9l 45 15
PFGENE SIOC B R Pt T K, £ =R bR ARG ) & R R FT 5

C08-27
AlM00.5NbTa0.5TiZr XA FH G SIRBERIRS MR ERAE 71 2R 5L
Bkr{d ', B2 12, IRSCE 3, TARW 2, Gk !
1. MEIE A& FHEARE R E Sk s, RE TR, Wik 5, 430070
2. W SRS T ARG SER Z WM Hty, TR EI, 521000
3. MU SREIE THE R, BT RHERY:, TR IR, 518055

MEIE G R = B SRR R PR SRR T R B IRE R R, REBEAE S s mifae DL s
WiGa iR 2 F ek, BRI %, Puh. PraE S tee mm BA — e M. Ao 7R A
W H AR5 7 AIMo0.5NbTa0.5TiZr FEXENS 428 S & &k ahiR 2, HAERTIE 12.7 GPa, MHE T 1405
PIRERR, B Cr K& o-Ta )2, AWRE, HEAEEMBEED IR, b, midiEE
AlMo00.5NbTa0.5TiZr JEMENE &R E & SR BT Al TR EL LIRS, AIERTKIZIEREEMR
SPUR L ERE AT EE T OO BB 45 -JE R T 45 R 1) A10.5M00.5NbTa0.5TiZr MEME & 8 M i & 4R 2
H )5 R AR T [F B ) B — R R S5 M TR JZ 32 1A 39.08%

C08-28
BT HRRER SMEHRTEEH L SHOLH R
W, FEFE!
1. PEdE TR

LAY DI R R GMEL (CFCC) DR, mtismfE, i mi DL B Pt i fg, £
i S5 AR U & T2 BN o ASCENRT CRCC MPRHEUE FEAR,  ZR T AR RE BE v 4 Il RBLEAT 107 R
B e A - i 7 A 48 AL 2 S A DTAR IR 73 6 CFCC R IHEAT T B0 Ak, SRIMEUE FEIA S T 99.9%LA .
XYECEALE APRREAT 1 BEEIG, AORHER RIS Sa FERE 10nm LR, JEBEAEHRIE . H A
WEIT T B AR IS FERR AL R RUREA A X0 S S R AN T HIRE I . B SiC RiARRIRRAR, BRI 2
JRIBEIN, AL AR L B AR, S EURNbES 5 I R, HUPERERT AL ECPERE thig 21 T 18
o XTI FCR I, 4l A i I BRE R S LR A+ SRR URR 20 mT LA 3 22 ) ' 27 N 4 7
JRERIZ

C08-29
F T FALER AT IR 1078 0 I PR R P At B R 5 AR 2% % Rk REE 5T
RRBHERSE ' 22304 1, PR3 L HORE L AR !
1. BRPGRHR

B AR E AT ARSI BN AT I TR R s A L R 4 A e T s ™ R Pk il 7 v g 2 2
VERR/BR 2 541 KE (C/C-UHTCs) BAT RUFIIMIRer. PUAGRE . mitbam, i biRssRett, e id Wras
NG R R A AT IR R IE AR 2 — o A HLRTSRABAIR BRI RCR (PIP) Zfl& % E S B — M
M55 N T RITE S B BURe i RE /7, R IR P R 5 2 Ao R, RHIRA . w24 % C/C-UHTCs
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R T HRER BT, A AR T — R T oL ER BT IRAR Y C/C-UHTCs il &HAR, F-FF & 1 C/C-HfC-SiC,
C/C-(HfZrTi)C, C/C-(HfZrTiTaNb)C, C/C-ZrC-CuNi 25— RHNE AWK, IIE T EHLERATIRALE PIP F AR
il C/C-UHTCs MRFEME, FHxhAThl & 2 &0 B8ORS FR K RO S5 FIE B AT 7 00, e H 54
REFIHTE L BEEAT T VPO o SR O R A R4 1) 25 1R ST AR B AR 23 AR 3550, R B AR I M B AH BE
RIS G MPRHE ) 5 P RE RN U i e R

C08-30
AT RIZ 1300 °C FHE I FBHAPHLR SizNg HIKER
UL, KA, G
1. PEAE DA KRRl B
C08-31

ISR LIRSS - EB-PVD TBC FRALJ5 M RE VA S R BB L
PINEL T, XfREL Y, A !
1. P9 i RHOR

BRI R AEIRAR BRBAT o — DN B BRRER R L. N T DAERE TR R R, R TR
AAHGURAH T —Fh Bl CoCrAlY F1 YSZ 4R) TBC, FHxhHARAR G (P REAN Sk i 2N AT T 3R AE. 43
B BTERR Y], YSZ RN AL U o« Xt IRt Ja M AIIES A A T AR RE AT 1 PP KA S
JRIEMN =B i 04 7 TBC AR RAT Ny, FRIHE T SRR MW BINEE . YSZ RM RN )
MEAERAH 2, s 7 RMRE AT REE 1. RAAR T RS R A A 34T 1T, JRxim:
F ARG IR 333047 1 BAE AL . SEIe 4 RS A R TR R &8

C08-32
TiN/TiSiN £ 23 & FIB: BE G548 B v B S L A R T 5T
XFE T, TLsR L, ML, R, WAREEZ, WIS, =AY
1L B RSB R G SR [ X S =
2. R T RS LR TR 5 @505 b
3. AEE SRR LT R S W 2

o I 2= BOARE E AP AEAR KRR EAPAEXS VLR R, i AR AR AR (W . Ak, DIHIJT A2
B i 2 AR T AR N o A rp o AR DR, S R AEVE TS o i ORF5 A8 o i 2% i O £ [
e e H AT T RAT ML T (8 R BAR o ARSI T A BROTIAU I I 7T 1 TiN/TiSIN 22 2382 AR fIl 2544 |
16 P Sl AL AR AN SR E AR R 52, e B T AR LSS A G IR, DN 2 )2 U R DR v B2 (4 RIS $ T 3
WESR AL T BB RN AL BRI AR . SRR, AR ELEs M A e i ] L S5 A 2 A D03 ARSIk
Fi = S o N e el =2 v R O S A &' R il e ey A Sy S LU 7] VAR S o oY v 3 il b i v
FE LR TE AT LA R AR 2 9 0 2 AN IR Ao — D7 T, B0 RE S M RR A8 Uk 2 52 B S a8 Aar T 7 AR
(32 N A3 RS KRR AR b, AP SE K BT I RIS B R OB . 5 — 51D, BRI SS R R ik
JZ 52 B A0 B AR BT DI A R AT R B R R, AT R 2 R e KRBT VIR 7
Forbr, A LG BRI 1) A ORR B2 R S5 M AR E Dy 34 GPa, 523 AN AR I Ik 2% P AR B K 3 v 7 B )
7153 MM 45%F0 10%, REWS A RBHIEIRZ AN FARE IR, s 2 RiEE .
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IR BRERAE BRI K, FEFEIIE A A liE . TR IR i 12 4 56 Bok bl
BRI BERE SR BR/ARE G MRS SR 2 MR IR 2 58T, Wl R AR 2
MR RTIRIT SUTRR, =4k AL, B AT T RR AL 5 HOAR IOy TR I e . T X AR
SREOERE IR Z 334 (CT) BoR, 858G WHOK GO S5 hl e G USR], SRR gm0 9 X
B CT BUR, W SEBL R/ KGR I = 4E e s R 1 Bomdh i 5 CT AR EHoR, IR A AR
i APV, T SEEL e AR SRR ) L RJR . IR BRSSP B N AR = 4R SRR AL,
N = HEE BT FUN IR T SR AR B AL S Sk B AR R 7 T B

C08-34
v-TiAl &5 AT BN il & KA HRAE
IR 2, RS 2, PR, EEE L, X2
L ZACRZAMRIRLE S TR b

2. FRIESIIGE

y-TiAl & & HA R SRR A, T2 R TRUEAUR . Jadt LSS, (FHER AL, W TiAl
IS S8 2 B BB E R AR R RN 2 — . MREmES AR S R AR, RE P o B
PERIM i, (H TiAl MRS E 2 53R s & DR Z . AR FEBAE NP IRIE R, R T TiAl 54
HL TR SRR 2 1 ) & T 2R IR AR AR S AT T 04 o RAMIRAS « 58T Ti-42A1-5Mn & & 544,
3 ARG AT T TR B AR R R T L VORI NS B R A A . A A
o, ALIRIE T REDOLHE . 458 W RIFNEE T 228 IR ETHE (EPMA). FH#i# 727
Bi (SEMD. HLFHBURNTH 2 rHAR (EBSD) SFEF-BOMEZAT 7. A SCHEFEBCR M #&5 y-TiAl
G A T B R v B B RE, SCI TS TIAL A S AT . DR . R i R
R

C08-35
RETaO4 i 2 58 i B8 K B 1445 I BUEBIHT 5T
R ', 2R, I, RhEE !
1. BUHE TR

EFXT R PR AR S PR R R IR AR R R, IR R G BR e RN 28 — 1k JE . SRIRAHAS AR,
RTEEEFRETR, L. AR SHERREL 525 SR R R £ 5 i 2 S RE s,
SIRT T IRIZIERE . B Z R BRI 5 R 3 A R A A i JE IR A I N A s . 25 SRR . JE il iR
BT IE I INFLRRR I U7 U0 DA S AR S R B R IR E I B A B, TR R $E
X RAE R R T A —ERRRYE. EREMNGISAANREIR)G, &ZWEERRN T, &R
WEH ISR R ELE N T), FAZERRRIEAR IR, X FERERRZERAEFRZ —. B R
JZ RGN, 2 A B 2 g, A2 B S B SN, B PR A A 2 A
AAZE NI CORRLN ) 5B %2 R B 2[RIk R TR IR A 6=2752+5%e((htc+0.49)/0.1). [ H A ZEEE R
S VPR = A T Y AVA REN it 1| B T R Y = v < 2 Sy B/ A NP % B2 e (A= R E = A L S 9 NE A
D15V 2 RS 2 [ 92 RN 6=-8419xhTGO+2859, [ (i R HITHE, FHGEE RGN RIN 1thiEz
.

C08-36
Si SR RESMWITTRN AISi &SR ik B R AR
PhERE T, BRBAfGE ' Skifte !
1 b7 Tl K2
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Al-12Si &a R T LG R Ve AR E R EM R, # 2N Rshild. 58
i, BEEEFEREFRAGEZ, Al-12Si WRZHIEM™R R Bk . Bk, AR 12 s k%
TAF Si & (6wt.% 8wt.%. 10wt.%. 12wt.%) I AlSi &4, VUARIINAFG S TE Cr Qwt.%).
Mo (2wt.%) ] Al-12Si &4, LAWTFE Si &AM Cr. Mo &4 Te AT AISi & i i b A0t B 1k e 1 5
. WRAEERRM, 4 Si HEN Swt%h, G&BERMEAIR, MRS RN, R Re R,
A s R vl 168h JE R AL L AU, (HY Si H &N 10wt %/ 12wt %00, &4 I 1H)
kB Si eI N, BEEE RECEWRD, 4 SiE B KR 12wt %0, EE N EE RECR R T4 31%.
B A& ItER Cr 3 Mo UM, A& BB IER, JEikEme L, gt HCr
TCRIRTFRRIRT Mo 7o EEARIR WS 1 168h 5B MR AL FRELL SN =, MAES S TE)E,
EEYE R BIAMET R B, 430 FBE T 17% M 19% 47, T BRI MERE R TF

R

C08-P01
FT P52 R BRI 508 B K T R 4t
VRRAL Y, B4, RENIT, T, WRIE L, T
1. BT R

R RACIR 2 R T ARG IRZ vk B, MERERUE SRR R A R AR, F LR
EotEmmE, RN S, BN RRENDBEEIER, L5t “ LRk ik s g
Wit AT R GURAE . ML, BUAEOR EELE R S RO VRS, XELLSCILZ AR RERI I RS2 T [
b, R R A 56 3 ) e R A TR S B BT SR, SEBILAERL 2 BRI R BE Y R AR 2 1 2 Bl ek
Tk e ARBE T M B R Z VAR MR 2, 3 HLAER 5% ST AR Jolie e BEAT AR SR 2 IR e %
Foft [ U2 S0 T A 00 2 A AR P2 5 N TE ML, 49 3 i b B2 = B B W A S P MR 25 2 ST AT
FESCEERY bR AR BRI MR B RSN R e, SEIL T CARIE BAC IR JZ W 1 v R v DL SR B AL
Yoir 2R R AT SE TN

C08-P02
Research on the repair of ultra-high temperature anti-oxidation SiC coating on the surface of
carbon/carbon composites and its anti-oxidation property
Hui Peng!, Xiao Hong Shi !
1. Northwestern Polytechnical University

The SiC coated C / C composites with mechanical damage were repaired by pack camentation (PC) and
slurry painting-oxidation (SPO) . The effects of different process parameters on the microstructure, interface
bonding and oxidation resistance of the repaired samples at 1773 K for 10 h were studied. The results show that
the repair coating is tightly bonded to the original coating and the C / C substrate, and there is no obvious interface.
Under the optimal parameters, the weight loss of the repaired sample was only 0.54 % after oxidation at 1773 K
for 10 hours, and the mass loss was 76.2 % lower than that of the damaged sample, which was close to that of the
undamaged sample. This work provides an efficient method for the repair of coatings with large size defects,

which greatly prolongs the service life of the material.

C08-P03
CVD RPN Bl & T2 S22 0 5PLa 2 IRk
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SO, A, VEWALY, IREDT L BMERE N, RIPLY, B WAL =8
1 B TR R R A B BOR B 5 5 i SE 00

WAL Z0 SiC TaC M ZrC S5 RILEE R bl R I iR e R e RS A, B2
I C/C BEFBIAIG S5 BHIBIT R IZ . (A ARTURECR (CVD) fefil & BAT s = BrE it
ARZEEERIRIR 2 H AT & w5 il s R IR R I Bk . ERHT CVD TS MR 4% Hifl
IR, KRS TR RO 4r B, MELURSS th R GV Bk i 1 3 5. AR FT2E T
A EHOR (CALPHAD) {EJEI (8] Y SEHL 7 X BR LY CVD DRI RE Al R 40, W] T RS
SV A DORAIRE . TORRCR AT IR AR F A S SC B R Fn Z A B R, E T S RUTIR
B H, R E S S LS ST BRI R = T 15 5L B, O CVD T2 S5
TR S,

C08-P04
ZrB, Z Ty M B A 45 1 B vt 5 SR M LR
B, RREEY, PME Y, EERE, REE Y FEER ', !
1. BHE TR

ZrBo L SR P B e — PR A MR RE A (10 iR B TS A A ), R R B4k Il R BB 40 2 PR AN AR
B A IRAS AT S E 2 . AR RS WAL & (PDCs) HiA¥; £ JuhEdE PDCs JFAZL 5] N ZrB, Mg &,
BT AR SEAHBENL AT PR AT R SRS R, TR e ZrBo-PDCs E &P %
(ISR INE . VEAIRT A RS M 4 7k WORIARESR . FUmSs &, JFMR R R g e, #—5
P 7RO 45 K B T B A B B R B I B S A . 25 SRR RA WA IRR L S IR SARAE ZeBy SR EAT
A% SiC. SisNs SiCN Al BN ZEgh KB B0, XSS N AI7EET $U 3 ShARMURL . #0if) Had BE A= K0 T Rk
PR, A0S T ZBy B E M At nail; [Fn, 2@ a s A EE Nt R, EHYS
NI ZeBy BURL S5 G I IX, TR A BB TR R I ST, (23 ZeBo L B AE N R R 45 /AL .

C08-P05
AICrxMoNbTi 3 = & &1 i E AR AR LB R
M2, wfd 12, MRAEND 2, EfEM 12
1. B TR
2. M EREAAL T AR AR SIS = WM A G

MENE O 4 AL S 1 0 R . BUB M RE S MR e M2 BT 12 60, S Ml e & R & Bk
SR IE IR A & IR A S R, RS R BUE . A% DS EAA TR AN AT R
re L FH SR R AR S LA S 1 7 2 M RE AP BE . AICTMONDTI MERR = & & A I LA ik
PERE (1000 °C, 48 h 3 EH A 11 mg/em2) FIHEER 5 EEE (25 °C, 1010 MPa). AW 738 i FESIUA MR
HlANA] Cr & & AICtMoNbTi, JRlLiE K ACFE IS Laves FHAII RN, &8 /040 PASGE H 1122 MERE
9T 45 3R B G S i 38 R IO L 7 AR EE R, 1B K S 2 I BCC+Laves MHS5M . BT [EARIGFIZE —
FBRIAE, R1FHA RAH58E 2245 MPa Fl 7.43% K45 14 GET AICr2MoNbTi MG =i & & A R bt
JE4ETERE (2245 MPa@7.43%), % T-JE 4G AICtMoNDbTi XEE =& 4 TEIR AR Cr o &K
IR HprE et ae B — e Mg rHEH .

C08-P06
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YB4-MgO £ C/ZrB2-SiC EA M EHE 2600°C e 5 H 12
XIFHRY, BRIESCY,
1. of R B R AT 7T

RS YRS v i P R E SRR IR L LR A RE TR e e, AEATE AUR BB
U HA RN M, 32202 R R, ML) CH/ZrB2-SiC B &M EHE M AR+, Si02 K
Zr02 #42, FESAMNEGREEE, KT R EMEIEMIERE. APFITR T YB4-MgO et
CH/ZrB2-SiC &k, AT AEE TR ARG T 7 Z S EHE 2600° C F KB MAT )y, JRil
BN XRD MR G BB MES VIR AT 7 RAL, 80 SR S5 AT 4L $8 758
AT AR L .

C08-P07
C & EX HICx MREW . EFEEREE MR
AR, EAEME Y R
1. K R¥

TTEAE L i oy 1 SO R i A ) ST T PR R R AT AR A O A = B IO
Bidr 2 oC BB . AN S A ko B A SE IR S BORAE Si 41 i T HECx i, Gl iR C SRk
HICx WSO SR 74540, NIl R G itk Rt . WHTas R, Bl C S &, HCx WA
SEMR AW A M hep-HA(C)[E FE KA fec-2 £ HFC HITRAMFEA NS h HIC A, HAREBNE
#h HIC AUTCETE C IMTRAFH . FH 45 M 5 A8 5 B0 IR 5 R0 S % 0 3 84k . HE(C) A AR A A S 2 T C Al
(A7 S 25 3 e L TREDRS P52, 9 LG T ) EREE B AFMER S S BRI 0T HFCx 58 1) S i 28 0 ) 5 P e
BIrE AR S . ERFFT ISR b, LA B S5 A ARG C 23 Ar ik FE 1) HECO.71 Ve FA e e R P {24
930 GPa, LLEX} 2000 nm KRG R R, 258 70%. 180T 2 ] RAFE AR S — PR 5
BT R, HFCO.71 A PE VAR T ki difb . A s 28 B AV S AR B O P A o A AR
S I IR 4 SR R A A T R R R D TR v e SO B A AR ) S 77
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T RINFER KA SRR L EHR AR BB B
BB, PRBRT T, AT !
1. EPIETRY:

i LR ER(RETaO4) H T H A A AT Z . @K REEE S - —Fi 70 A 1 s AR 2
MEL. ATEE AR TS EHERIE. MEEIREE. M ERRIES Z MM EMA R KBRS TIRE
PR WX 28 SRR, ) A% 2 ) B AR N6 3 -0 AR b /NBE R ZR LA 27 IR B AT AR A, SF SR
B, X AR GENLER 2 IR, RIS TEAR, I HBA RIFRIZAIE . 2057 DL RO 2= I ) BRAFAE ik
7, PRI BRI R - T R e R e . R FZIT A A S AL RETaO4(RE=Y, Ce, Nd, Sm, Eu, Gd,
Dy~Lu)ff& £ Frte i & 2508 Fhoc sl i, — T /iMA R o R BC F i 23 23 )b AT F0, PR e th 1
HABARM SR ZH o LHIR IR, JRAE 4 PRI R s i3 31 1 SEIRIGIE . A Rt gtk 17 225
PR SEG T SR T G, SR SR MERE I &, A2 Aok RS BT
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(Hf0.2Zr0.2T20.2Nb0.2Ti0.2)-SiC B &M B HIHI &5 J1 % R IUFE R 7
HRJE !
1. BEVERR K

DL JE 48 i AL 0(TiCl4 . ZrCl4. HFCl4. NbCI5. TaClS)AUREEE Ny 4 @ IR AR, % FHVRORH Rl 9X A4 y9:
H AR F BRI HEC) KA . BL SiC BORAEE —AH, A KAESE B T-hedhil % 7 BA A SiC M
FIRAZ(10pm. Spm. I1pm. 0.5um)ffIE% (Hf0.2Zr0.2Ta0.2Nb0.2Ti0.2)-SiC Z AR, BF 7T 7 HBMW 458
J1EE M REANPURE e RE . SRR, SIC RIEE MR/ B8 T BURAL AR, H0H] T SR A A 1R R
WG BEMER YRS SIC R FERR/NMI B 725G 527, Horbhuas o B AT W 22 9 1 433l el
331.01MPa Al 3.51 MPa-m1/2 #4in%] 7 530.97MPa 1 5.48 MPa-m1/2, 58 & A4 (1) b 5] 32 T+ 7] A 5 1 v 465
WAL LA () 20 S SR AU AL AN SiCp B Z G BINLE], ELFEIRIEE SiC I BTRLA RN HI AT/ NS SiC i) 5t
TSR L] . SR 2 ek BE S5 SRR, BEE SiC BURDRLEE IR/, BB 11-0.25mg/s 48N
0.05mg/s, ZelETiZH 5.88um/s JH/NE] 0.67um. 5T FIPTGE I AE 5 mil T 09 Si02 B A AH) LA R HMH]
AAE SIO2 M RZ i g B UIAE G .

C08-P10
ZrC BB ZrC FAEH] ZrC HIE LR IR TT
BRZRHE 1, WhUGEE 1, B!
1. PEIL Tl R

The ZrC coatings toughened with ZrC whiskers are prepared on C/C composites by chemical vapor
deposition (CVD). As a reinforcing phase, ZrC whiskers optimize mechanical and ablative properties of coatings.
The in-suit growth of ZrC whiskers and following ZrC coatings are prepared using ZrCl4-CH4-H2-Ar as the
deposition process at 1100°C-1300°C. The whiskers grown in an upright position and create more nucleation site
for the coating, increasing its density and deposition rate. During the ablation, ZrC whiskers are oxidized and
roughened, and ultimately act as a ZrO2 skeleton structure which provides a stable support to oxide layers. The
addition of ZrC whiskers effectively improves the ablation properties of coatings, which shows potential as a high
temperature coating for aerospace and other application.

C08-P11
C/C-ZrC-HfC-SiC HEF RIS MUttt fe
Bigk !, S, B, BHE
1. P Tk

In order to improve the ablation properties of the C/C-ZrC-SiC composites, HfC doped C/C-ZrC-SiC
composites were fabricated by reactive melt infiltration using ZrSi2 and HfSi2 in a 2:1 molar ratio. The ablation
resistance of ternary complex-phase ceramic-modified C/C composites were investigated. After introducing the
HfC, the ablation resistance of the C/C-ZrC-SiC composites was improved with reduced linear and mass ablation
rates. The excellent ablation properties are mainly attributed to the formation of a continuous and intact
ZrO2-Hf02-Si02 film on the composite surface during the ablation process.

C08-P12
BETHE P FRETH O (Ti, MB2 &eitit
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PRV
1. BT %

VB —Fl bl L A1 5 P08 iR P oA k), TiB2 ) V2 N T B R 2 i 3 38 R AT 2R 25 R 40k
SR, TiB2 T SR MR B s e, Pk Z ool oyt . AuFudEs s — PRI, RGiH
W 7 3d. 4d F1 5d ISR LA R AL Fl La A4 00 TiB2 PEREMIREM . BATTH 5 T ok w4, WLl
B, M. WP ER R TR . G5 REI, B2 Sc. Nb. Ta. Mo Ml Te 7E V& 14 A 10K J7 i /& e
EM. KEHEGLIGE S5 TiB2 MLl m 7T tE. BACkUl, 44 0.25 IREM V. HE. Nb Ml Zr 7/EA
ZRRAREIVER R L N T TiB2 RURERE . 4% Mo. W. Nb. Ta Al Hf 75 A 5 35 B AR (R 15 0 R 350 1
PIE, TR E R EE TR . KR NEE TiB2 (1% & A Tl N AL T 38 5.

Co08-P13
Encapsulation of High Temperature PCMs with Controllable Shell Structure and Super Thermal
Properties
FREA!

1 EBRHR

Thermal energy storage (TES) has been developed in recent years to reduce the CO2 emission. High
temperature phase change materials are extensively studied to increase the thermal efficiency of TES using their
latent heat with relative steady phase change temperatures. Metals and their alloys show great potential due to
their high latent heat storages and thermal conductivities. Encapsulation of metals is the effective technique to
solve high temperature leakage and corrosion. Commercial micro powders of Al-Si alloys and Al-Si-Fe alloys
were encapsulated with ceramic shells. Different shell structures including AI203 shell with controllable shell
thickness, double-layer ceramic shells with sponge effect, AIN fibers network structure embedded with
a-Al203/AIN shell were obtained. Thermal stability was evaluated by thermal cycle test. The microcapsules
treated at 1000 °C achieved zero heat loss after 5000 thermal cycles, whose latent heat absorption/ release were
448.3 J-g-1/ 456.8 J-g-1. the microcapsules possessed a giant heat storage density of 938.8 J-g-1 within
300-700 °C, and the figure of merit was 6336.9 x 106 J2-K-1-s-1-m-4, about 15 times higher than that of
commercial solar salt. This work solves the defects of Al-Si alloy as phase change material and ensures its

high-performance and service life.

C08-P14
S AREREHEHSESRESILMER

I, g1

1. M E K%

G SR ER NPUE R ZE, BRI T AR U LR ARG BEAR AR ) R . AHIE TR AR
W e 4l A L) TE L (HAPC) FHZE & 1515, 18 Ta-10W & &R 6% 7 AN Z TaSi2-WSi2
JEFANE ZiB2-MoSi2-ZrSi2 M E G IRE . EAEESWECE, WEFMIE 1500 CHE AL 6 /NS IRER
SERE, MRS IIEMTE 3 B WA R . IREFERIEEZ T WEERE] 1500°CHI 300 2 R n#i
TEIR o FL 25 P SR A R A R TR A I FE R B T B3 S 1) Si02 L2, Hd & F B ZreSio4.
ZrO2 F Ta205 H A i, A RHIREE T8 SR E N Y 1.
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Co08-P15
Enhancing the oxidation resistance of TZM alloy by laser-clading MoSi2-TiVAIZrNb composite coating
Weiguo Zhao!, Li Wang!, Ping Hu'
L PR

1.Introduction

Molybdenum alloys are prone to rapid oxidation in high-temperature service environments, resulting in
structural component failure and the loss of excellent high-temperature properties. Therefore, it is important to
improve the oxidation resistance of molybdenum alloys to ensure long-term safe service. The single MoSi2
coating is prone to element diffusion and cracking in a high-temperature environment, which reduces the
protective effect of the coating on the substrate.

(1)Materials

1)The TZM alloy was used as the base material with a size of 15%11x140 mm, the content of Mo, Ti, Zr, C
was roughly 99.4 %, 0.5 %, 0.08 %, 0.02 %.

2)Pure MoSi2 powder and TiVAIZrNb multicomponent alloy powder were selected as the original powder
materials. Then, pure MoSi2 powders and MoSi2-TiVAIZrNb mixed powders were selected as coating materials.

(2)Experimental methods

1)The TZM alloy was ground by 2000# SiC sandpaper to remove rust deposits on the surface of the sample.

2)The MoSi2 coating and MoSi2-TiVAIZrNb composite coating were prepared on all surfaces of TZM
matrix by laser cladding.

2.Results and Conclusions

(1)There was an obvious cracking phenomenon at the interface of the coating and the matrix surface.

(2)The addition of TiVAIZrNb could reduce the difference in the thermal expansion coefficient between the
MoSi2 coating and matrix.

(3)The mass loss of the MoSi2-TiVAIZrNb composite coating samples was lower than that of the MoSi2
coating samples at low temperatures of 1000 ‘C-1100 C or high temperatures of 1200 ‘C-1400 ‘C, showing
better oxidation resistance.

(4)There were multiple oxides of Si, Ti and Al, which improved the high-temperature oxidation resistance of
the composite coating

(5)In contrast, the addition of the TiVAIZrNb multicomponent alloy could reduce the number of cracks, make
the structure more uniform, and reduce the probability of oxygen diffusion to the matrix.

C08-P16
C/C EEMRH 73 XAt K et R 7
AR, SN, BRI, AR
1. AL TR

Selectively modified composites were obtained by precursor infiltration pyrolysis (PIP) combined with
chemical vapor infiltration for potential hypersonic applications. The selective modification achieves a double
gradient distribution within the composites. From the top to the bottom of the leading edge, the content of the
modified element (HfC-SiC) decreases and the PyC content increases. The gradient structure gives the sharp
leading edge the advantages of low density (1.85 g/cm3) and high thermal conductivity. After an oxyacetylene
ablation for 120 s at ~2300 °C, the composite retains its original sharp shape. The excellent ablation resistance
results from the synergistic effect of various areas of the sharp leading edge. The top of the composites resists high
temperatures and airflow, while the bottom transmits the heat out.
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