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C08. BREREHMEL S RE
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skt !
L PHEHURE AR T PT

C08-02
ZINREMR I R SIC B AT # i & X AR RERF U
koKt
1. FIN K=

H N RRL, S5 A ol Hummers 5 T IR -BE I IERIA VR T80, Hl#% T A SR S (GOAD,
PO AR RN, TE 1350 °C R 15 h & 7 A ARG S n & =1 SiC RS )
SiC YK SRR 7S W v e, FERSHUE FE N 1.5 mm i, Hom KA BB % (EABmax) A
8.6 GHz, #Hv/Nht#i#E i (RLmin) {f —45.08 dB. A T #t— BT} SIC AL f12aERE, 8 3-4
FE = AR (APTES) WA SR (GO) T 1 ektk, FEE BB . A TR AR A
WIRESLIE, #1457 3D 24l Al E4EAIL ThAE SIC AR . LIFERRENIKL (SAnw) FIEtE GO HJii
A L1, 348 SIC ABR-2 J1stERemtE, BEANR PR Rt thoh, SiC REkk-2 I RILH
TR0 EMW TRISCREE, ERSHUR RSN 1.7 mm i, RLmin J5-61.56 dB, EABmax 4 9.82 GHz. @it
SAEARUIR (CVD) Ml 4% TR AIZEPIN SiC KEF4E B (SIC NFA). SiC NFA I JEHLH R 4T (1)
EMW WSk, 76 7.04 GHz ALHS) RLmin {8 9—-39.37 dB, AHRMFIARILEE N 1.9 mm. N T k4%
T+ SiC NFA [tk fE, it EALVERIAE SIC K eF 4ERTH IR LR T SiO 4K 2, AU T A Bk
(I FHPTUCEC T e, 10 HIS IG5 1R ) v i R E M o FEREADUE E Dy 1.6 mm B, . RLmin J9-50.36 dB,
EABmax N 8.6 GHz, 57T T SiC@SiO, NFA HIAFH <M AL,
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RN IESHE R EE A MRRBER
B
1. Hrd K
C08-04

HfsTa,0,, PR 2 1) /122 1 68 R RAAT A 5T
BEE"
1. Pz i PR R

HfsTa,017 BAMAT R, SHIK KA R B g, RA e OB A= R E (TBCs) #
Kl R KSREE FHIRTEH % T HfgTa,0:,/YSZ XU &2 BIRZE, WFF0 T FLAOU 45 FI RN 7 21 BEXT 4
TEIAVEREAIHT CMAS JEMPERERIREI . 455K, HfsTa,0. FEBHEEFE T KA T P /il . B WAL
KRN, 1F HfgTa,01,/YSZ TBCs H M ZZH T £ () HO, Ao HhAh, HFsTayOyy AFL R 28 it 25 W i Th &8 () 14
I PG, FECL R ESR E . 0T B KRR S A > HEO, #HY HfsTa,047/YSZ TBC, 7 1200°
C FIRTF T B IR REL, JEHR YSZ TBCs TR RE I . A TAEHN APS il FH & =8 e fit
TOHRE R
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C08-05
CIC REME HIC B ER T2 P i R BUER 7
RYFT Y, 2B, k!
1. PEAE T K

WAL (HC) RZEMSHIA G R IRAK (CIC) EEFEHRBUE M, SR BN HFO,,Cy
FHAERE T B2 FP AR ERA () HEO, I, HARYRE 12 T . R Tk i A vh HIC 2 IO s AR FAe
RHFFIFR T — R R Sy O, AR R A SRS AR Bl T B S 2 SRR, IR
Abaqus H1 ] UEL THREFREATEE S8 sy REF B3 (EPMAD I0AE T8, Ml 75 C. O
FHE ICR M . GRS T AR REL S HIC &=, HIO, BN, i HfO,.Cy B8l
BRI R . BEAb, SPIEST HBURBO Be kv () 2 I A SR AR, 7R R T R BE AL B 43 2060 I
58.8%, WBJE . AHIFL N HIC iR R P A /AL e R PR At ie1e &, A S HEsh kel
T e U P A R AIT A
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REEEM BRSSP B R A kL
Fag?
i b N
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EERR ST REE AR
FESE!?
1. BRI TR

C08-08
P28 5 ) IREh I W= iR B B R 5 ) 2= M RE T
WA, VERRLY, WM, EfEm
1. TR

Mk RETRE A PRI AR R TV RE A% O T BLZ —, SRR Sl W AR SUAR A2 F UG« BeAS vt S5 L2
AR LRI, BT PSR REVERE it Jrik, IR - T -TERE 2 4EUR B
e IR SELME RE TN 5 T2 R A0 i & B 2 B AR AU, TR I T RN LR 6
FE3RTIH 5 XGBoost AR A A USSR, S5 S RpIE TAESENE, SEHLEESR KRB kS BE TN, JER T E
SAO BEE AR BN R o T [ M <2 R R R ER IR A RE AL, BT BB R M HE B K
HEZR, Bt g i — R ARG FE IR T 10%, JF@EE AR B TR RS T2 P RN .

C08-09
TR BAEA Al P FISRE) KRR AR R B S R
et
1. BUBE IR

AbRIRIE R R R T A I 2 4 R0E . KRINIRBE EZ T B, (2 3 BURR R RN L2
JE PR 22— L] 2 ARSI R 7 A O TR et 5 T 45 ol PE MR RO A IR, AT U5 A SR B P A 5 3
JE. BT HATHMEREA MEFIRE T R E A IAREIR R I AT, BATE TR N TR B S 5757,
ME SRR SRS, 20 EA IRoo i ARt 52 REETr %, 34T TR0 8T
WP, SeBL T REEER R B R B RS, 1R T SRR SRR R A R R P, SeBL T
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BRI B LA R, W1 [ AR R AR PR B AT 5 PR T5E, 9K AR drl Y # s
WEMEHOIE . SRR BOTAIRE TERTH MBS TEM RS,

C08-10
HT G BIBH RE-Al B SICH/SIC RARIHIS S HE8eHT A
TR l, BRI, 1’ = A 1
1. FIGRERR R BT TUAT

SiCf/SIC & &Mk S /K S8 A2 1l i) J 2 A ) 20 HAE R SR AL U S IR DG B Bk i . AT 2%
R RSB G RY BUSEAR, & T —Mif P8 n) SiCHSIC-AI40Y & & MRkl Jiidi. Z5RKH,
54 SiCFISIC E-& M EHAHLL, SiC/SIC-AI40Y &1 RHE 1200-1300°C /K &S & 121k 80 /NI J&, AR
B E A R, IR BN RARE R AN, @A R RS T IR T AT, RIR bk
J& J12E R AR T 2 BAR T AR AR R R W R K Z 25 & 8. 33— DR FUR I, SICHISIC-Al40Y
HAMRHTHR LR T R R YAISIO, (R . SR E R AR Y3 HE SO, 338 R 2% i [ 1E
FARIEE R PR BT 1K145 2% BR A% 14 N 3B I 4w (R B AL b A9 AT 8 35 8 AR M. 52 M, SICf/SiC
A MR I BHUIE T /K SR AR i F2 v A2 G SIO, (R EANESL, SECELHPIhRgedk, MimiszH|
= EAR

C08-11
M ERGKRE SR HRER
BUER Y2, UMY, B!
1. PEAE Tl K2
2. FIBFE T K2

AR EFUMNTE HH AT i R B2 o AN AT, DT R AT R IS BT R R AT
WE), DASKBLER I RN B R AORMRL R L ms . IR MRS BERIRUR. %
PERE DU AN PS5O0 A, FEIAE BE N P U2 R0 TR H B RAORA . 5 AR BT
FREMER B, R SRR E ARSI EEF B BIET A EITK
WA SARTUR RGP B BRI AORA R il s HoR, SEILP B R AUR E S AR R M 3T Fr &4
PRI ARFIEILAL, SRR TR RIEGUR R SRR G N

C08-12
WC B4% Hf-Ta-C [ %5 M % 588 B s L]
ZEEF L, REZYL A KL Bt EnE!
1. Pl TR KA

Hf-Ta-C [& 5 M & 2 B A AT IS PR R S 3 P d bl 2 —, D2tk e v HRE R K e 4
RAEFEIR . A IR WC B2 0 =il HfTaC [V e B s FE ISR T AL, 4545 SEie 558 — PR3, &
G 5T 1 ANIA] WC EL A1 (x=0%,6%,12%,18%,24mol% ) ft] Hf-Ta-C [& A FE B 45 1) 5 71 2P BT AS A
GERRM, BEAA WC BN In, SRR R A KB E A TE B AR Ak, 17 AR PR 50 PR AR A A AR B 0
Wi, A 18 mol%WC RIS 1 BEFR A,  FLANoRAE B RN s PR AR i 433l ik $1) 35.36 GPa Fil 560.06 GPa,
BORB IR E 7 BRIt 16.73%F1 28.43%. J15# 1 RESE A BUR BRIAZE T W1V 8 st it 4 e A8 FELAS 7 4 12
g1, PAKIEAN R EL B3R T R A s S A IE ) TR S U R &2 . W SO NIE I AL A iR AT U )R
WAL IE A 2 M ReARARL T SEI0 AR AR AN ER IR S 4%
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C08-13
SIC/SisN, A BRI % 5 RR H B 52
XU, skdEAE L FWET

1. PEIL TR

SEVR B BIFIORE I T m im A kB, AR R RE R . SigN, K S BRI B A BT
MIZRME A fase PEAN m iR R M T 2 B V2 59 . AR, 4l SisNy YRS BRINUGREA R, fE=
BN 27.1kPa, PRI T B IRAE mr ok BEATUS I N o A3 ST SiaNg PUKRER B 1) 1124 BE, AHF 7T ik
GV RAE AR, it — 0 AT IR A AR ] £ 15 2R 5T SIC/SisNg 2K Z Bk (SSA). SSA fEH
A EALHRFE (0.064W/ (m =KD KRNI, FEA7 RS % 17.68MPa. SSA 1J LAfi 52 650 C Pk kT Al 1300°C
WA JAE, ELAE 1400°C AR T APEDEARTE B B8 4k . SSA B R A7 IR i 14 BE, 7E X I Bt (8.2 GHz-12.4
GHz) AJSZEL AR . AR TAE il 4 BE LA R A BR #A I B SCEA IR S UBR P 0 SR B A 7 — i e
T 55 R 7 VR A 3T TR

C08-14
it e vl e B 2 A PR B R B2 T BUEAR AT LI BT 5T
REREL, I Y, gt war!
1. KIEH T K

bR B SRR A IR KRR A G TERE . BRI 0 R R ATt BE T, O B e R A5
I R AR RL, B T 2R KA S SRR N E R T2, EE R mii s s £
YR HE N BIBRIBR 2 FLAR R, R AR A S B AR BB AR A A o (B T B R R S vl 3 A R e
JZU A R 2 A ELAE S, I A5 S U AN L 2 4% e il kil o ARHIF F038 T S RSLI 2 I SOV P AL,
T SR AR T2 2 VP e R EAR Y, A& B TH SEBOAR ik 2 FLAR A B ML A (A a3z A Jd e
REHEAT VIR, FESERISUEA RN S35 AT 0y, il 1R ARSI AR R M R R SRR, X SR A
BHEAT R It 7 BRI . ASHT T B AEER A AT SN 2 T2 O AL, SEElEE T
i & P R R A R PERESR T T

C08-15
Z T YIB R R R BRSSP LER 5T

EEM Y, KR

1. PEAE Tk

b A v AT AR IR R R, T AR A 1 SR A5 A A M R I AR e ek R A K
PR IR, X HRMPT IR TR 2 oo s i e R I Es s R
PR e SPURe . SEHAEZ T EIRN N BN A MR R 3, O BT R R 2 A 2R 11 AR % 3
Mk, R ARRET Z 0y RE PRI T, R RE T (Hf.ZrTa,Ti)B,. (Hf,Zr,Ta)B, &
(Hf,Zr,Ti)B, iR E R R B W 9T, H ai7n T %5 1 U8 48 o 20 S0 47 J2 i 1 -5 BE 42U (9 ) 5
WAL 7RISR, @it 2 o) S SIC M2 A0 8 500 S5 M BT SEI T B 4 MRS A I 1) 22 ST .
NERE “THE-FEHA-BHE” ThE—R1k, 15 T 7E 2200°C LL_EIREE hfasE IR s B i 2R R . A
W5 A8 i A s P B N e iR E TR T B S R B

C08-16
BOIEZ R Cr-N YRR ST N RO
WA P, Efe
L BRI TR TR HTHOR & 0
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2. AL SREAIAE T 2848 SR S M 23 Hh L
3. LB S R AR BOR BT O

BT RGBS T U T 304 AENEEA ERIEEZZ R CrN ¥R IR A AT 9 BB ) 2L
B HAOR AR AR . R, M TS0 Crij/2 5 CIN RJZ, BREZ CrN iRZRILE B R 1IHT
SAALTERE, IR AR A B AT R BRI S E B . ER R P B A0 5 45 M 1 SR AL R s A D AR KT 22
SIMZ R A5, A RENH TR R, IMIESE 1Rt RE . BhAh, Crfigi RIS AR RIR 5K
ZIAMRE R TR E LA HUX TR A 8 R 3T 1R JE IS & o i, 0 HARHI IR A Ve 2 1 s

C08-17
TR A e B A T 3R 5 g R R ST LB
T !
TN

e e DR AT BRI 2 73 5 ) R RSOV 5 4 DA vl IR 422 [V R A4 R 52 21 [ A AMITE e 223 (T
TZRIE, SR, e IR M R A T AR L5 g B FL R RO R AL 1o AN T f - PR A1) 17 v Y B AR B A R O
Ko NI, BATE S T =l % a2 BINL a2 2 e B, SEBL T 00 130 o 500 H 77 -8 MR RE [ R HE Tl
MW AEREERS b, fFBIERZE TEM. XRD SEZ2FFBONSE &, a5 1 el 2 ) S i AL sm AL L] LA &
sr % IR AL FELAS AR AL, 1 ) e e A i AR G LM RE R TR AL, RIIE I 5 AR Se 4ok
PRI P HVERE, BT R R A SR R AL SR AL FLREIRGR L, BIVE S AR IR AR T PR AR 2 AR AN <
JRITCR R A P, SR R AR ACIAFENL R 22 A5 i AR L LA R & R TR R AL o
A 5 R AR LR B TR OB RE s e T A HATTIY 2000°C vy i o B 4 22 L s s i A6 0 M 22
FRE, O fe R ey s s R ) O A R B A A B A RE, W S T8 R e S B AL e AR

C08-18
MoSi2/mica/HSM Bt CF/BPR H & 41K B A ER B8 1 &t e i 68
skt skigEEl ZREY bt
1. BN TR

BRI AT 2 MR A0 ) AR i AR R B 2 A (R G B Th REA R, TE RN RATER . B3k &
AT AR KA R A R EE AT EARIIER . B IE TR TR AR IR K E, CATHE
A DL TAE M B w202 FE B 32 T, S 9P Bl 7 B E AR 2 R iR B o AR Pl DA B SR 2L
PR AT (R 264 R SR RORS A IR AT 25 10 25 1) S8 BE R AT 55 1 mT Sk

A 5T LA I i (BPR) AR, Bk 4F-4E (CP) s pk, J it 51 N —aEkAR (MoSiy)« = B (mica)
Sz U EAGEEER (HSMD BRI KRG IT T Al &AL R SV B A AR mii AR SR BE 71 i e il 1 G
KEBFAT N, FHPEH TR IARZ G150 LS5 SRR Y MoSiy:mica i &N 9:1 B BT TES
MR R P E A B R N R B BE /1, 1500°CER A el 20 r 8t e iR ik 66.91 MPa, 25 T
101.05%, [FIRF£REEmh (RD R ELehZE (Rm) 43524 0.006 mm/s F1 0.03402 gfs, A ARG Z
FEf%. SIAZOER (HSMD J5, E—PitmE A e E AR /1 (RN 30 vol.% HSM, 1500 C A%
P51k %) 62.96 MPa, 1600°C &4 keth 20 7 5 25 i o FE th R 4EFF R 8L = 7K1 62.96 MPa), K Bf#ie
AT IR (AT=52°C), P T HENERMATE R WAMEHPIFRRSUZEM T RERH
RS B ECE Z IR, RZESIN HSM SZElE e . A2 SREAZ RN 3:1 I 7E
AN R e st 1) R 24576 AR A R RIS TR 43 %) 0.013 mm/s. 0.029 mm/s. 0.032 mm/s 1 35.6°C . 77.3C.
142.1°C, ZBWIHER OHebeth 100 #2)5, 15 R B TAEHEK 41.01%, 256 H0RR A PERE LT
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i T RS L S RIS A E S
MEESEL, WHER T, rham’
1. ECUHE TR

[t e P SRR S S HE RIS TR SR U BRI A, W AR i s BE B T S R 2K
HI TGt & ML R & S RE RUREBOR S AR E, Hom iR R ik 2 H as g KI AR . Bk,
FRATHR S AEAENE M B B h S R BR A DL SE IO 5 R A e PR i o i . 2 Eu e R A M A
B BB A I FHAS T OL8 123, I O Al SR A RO A 3G s i & e B 57 (vl 92 (1473 K
T>2 GPa). [, FIREEANFHERSUR A PALIER, ARG 7 Silnett. X%y ik
FRHO TSR TR AR 58, T LSO IR I i S AR R IR AL S il & & h T B R LR .

C08-20
ZHEEBSVEAT 2.5D W14 SiCH/SIC lEEE MRk SIT R 5HEek
Mtk b, BT, mEm?
1. PEAE bk

2.5D HLAIES: SiC £F4EHg s SiC PR R G kL (SICHSIC) Tl i 58 & HAR i 1 1A R R 4F
(IR T RN TAERE, O H AT SEIUR (2 A g 23 1) EIRBAR T 5 o AW T, T Se (AT IR TR,
BEXE SIC PR A I S H A HIR M A g U7 sURIT RGEW IT . AL 45 SO A5 R AL 2 R i
Jiik, HROSAHERMNILE . FHJE AR R SRR 5 A ke B BR TR T, IR NI AT 79 Al
GUERERLAR . TR 255 22 B TO0 N I RAAE S, WA RSB m RS A 37 AR R 280
WA S S . BUBMESI NS QS AR R, AOUR AR 222 208 B LU MR 22 PR RE 1
SR, IR AIRIT PIP. CVI SR % T2 28, UAAFTZ T REME ARSI, 48 - Sk
G RG SRR R AT R X VERE RS S AF o T RIS 5 SR 4 R, I NLES 2 S AT )
FERETIAR Y, SCHUN R EMRRE D7 75 dr A% 98 5 S5 O SR b (XA R N

C08-21
HEESH TR HIETT
WU, HAC, mEnt, Tt
1. PEAbA g Jmmt e ke

A EAMFNEREE. RIFIERME, TR B etk ee, EH T &R &k i
DA TAERRES, THZ N AEN T BUsHiR. JETFRe TSR C i AR08, A S ENm, #
o B SEm, (HR AR R RE, IX I H N TR (M B o 38 A )3k T DAL R 0 B B T
G SR UE T MY ik AR E ST T TalOW & &5 5 T ik 4k (PREP) fill# 1B 7L,
SRAFRERIEER) TalOW A& K. T R T 7 Talow &£ 1 BT ARG HETT 78, @577 Talow
HEM BT AR HIE R T 2% 0, S5 7 HIEMHIEROWA LSRRI =R . 1500°C R R, FHatr T
HA LY LB R S A ML o

C08-22
Pr3Si2C2-4f BMR IR AR b S5 B AL RE P B R EALAT N
it
1. BiERERR IR AT

PL Pr3Si2C2 Hykegh Bhl, 15 1650°C i i #4E e ] 25 1 T 5¢ 4 BUE kb i fg %, -7 1200-1400°C
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TR AT BT 7RG, LA Pr3+ BB EALEEA R ER . 45 REM, Pr3+iZEiH
FMERMITE, 5 Si02 MR Pr2Si207, HAEM AR SR EA . Sl E# 1300°CH, 2T
B RZ L5, AFESNRT) Pr2Si207 4552 FNFIE & SO, ME, MIMA 23] 78S My #ie. #
I, SHALTEILEEM 24.1 kd/mol (1200-1300°C) SUFIH4NZ] 420 kd/mol (1300-1400° C). HLIEEWFFLFKH,
Pr3+iT#% il /e AR R AL 2 2 A IR BERE FE DR BN 1Y, T B G R I & ENZ O, 755 1 HL 35 B 4%
BT o IX PR DRI LL ) Pr2Si207 BEEZ3 LAE A, iR E s 7 hra bt Xk IA
I8 I P R L T BRI R TS T AR PR B B A A B B AR A T R R

C08-23
KR FRHEGTHR B B RBE PR M & £ ThEE CHIZrB,-SiC AR
ARFY, MIEX Y
1 VEIbA B it ke

SR A HE I 98 ZrB,-SiC i & A G AR — AR R AT st B A RE SR v AR B
BHV) B A IX BRI AL G 7k B I TR MR BRACRIAF 4E35 45 /NS0 34, (H 3T Iy s A
P2 IVI T2 & 2 A M EHCPS) M EAH & B A IR A RZINE, ASCHeH T — Pk T /KRR
B IV 7%, #4573 3] CHS B 88Kk, @it — IVI 1E L 2RIl ff CHS " ZrB, FIARF 43 50k 25 vol.%
PLE, % CPS #%5 47%, [FIHH & THAZE5 7 49%. BEJG, KHSRA AT L Z(CV)Ht1T 144
NI TR AL EE 33— PR AL R R 3 5 1 B/ s LI 45 558 % . CVI-CHS EAMEMEEE Tk
SR N 111.38+10.53 MPa, # CVI-CPS $27t 28%. JE4i#m FRAY R ENELR LT, YN
SR RHFEAENLE . 2 AR M E SRR AR R 15tk Re, R VR R A (111.15+
12.46 MPa, 83.15+12.03 MPa). fit 1% (13.00 = 2.41GPa, 13.5216.99 GPa) % /& /% 48 75 (1.324-0.018%, 1.07
+0.34%) K = B[R T 1 2 Tt A 11 45 170 57 P B AN [ D) e e A P AR DG R 5 B0 T S ) 4 4 119 240 SRk
559, MIMZEMR TN 1T, BRItk 4, 5 CVI-CHS(22 - 27 dBYMLL, T3kt 2 a5 CVI IR
EITER, CVI-CPS fE X U B HA TEAR 7 1¥) HL A 57 R B (34 — 36 dB),  PRFHHAA e} HaL 1 7 i 5 e 32 B iR
FEFm (Bemiik 600° C) M. 28 BATR, ABFFHEHFIKEE VI T 242 0 Se Il s b S i dk. K
FA B 2 Dyge vl R BRI R TR A TR R

C08-24
FET WM FESARR SiIC RSB RH R MR
Fitit
L TR RLE B AP RLB T
C08-25

HIWEEFE TR R EEWET SR B SIS
BN
1. W TR

HREG G N TIENUR . AR EESUE, (AHBERERR. WAL, iH SRR
w1 S RN, PEPURERZE Sl 58 TR RN &R R AT SR AL B A AT B
ML ARG R T i, WSS B TR B S N VE R, 53R 37 B B R AR A IR AL S B A . ik,
AHI TN R A HEAT I S B TR B AL AL, sl I BAGIREE . IR RS LZ 28, Sl 17X
HEZ P RIS o0 A SRR MG RO 8 PG R Z IR 70 2 e R B 2 P 457
1708, FESLE % T E-HAR M- VERE 2 B IR RO 28 fEIL3EAL b, 3 — DT TT 7 HAE il A A
BN RIpUEAYE, BT T EERNE AT S PTE LS. AR O SRR R R PERERTT
L HAEHZ T 00T AR B ARk, SRt 1 EERIB MRL 5 BOR S



[ M 8EK 2 2025 C08. M miE MR S8R E

C08-26
MRt TOL T #IRERIE Co ZRhS: EIT R MARZEH L EHT 5T
xRl
L PR

IR R AN R IAT B SO IR R HLImAE P ARG AR B BE AR BERR AF  28
1M, FESEBRI R AR i T B A0 2 0 i/ e R A5, (AT & S B ER BT R Mk
SECHURI AT FEVEM 22 A e AT ARBE X SEBR RS AR R S L e 1 3R T PR IR 2G4 2 BT 2R
KA, E el R R A I, TR RS A RO R R R B R B s R, HaEd
PRICAAU T SR E S PER R (R (R, 25 S RO M RAL, 15 VRS 45 R T 2 32 2R R kb 25 2 Py A
B RWEA . P, Gl IR = RS S, RS R R AR LR, LUK S R AR
By BUR X RET FERISEa/E Y o 2 AR XA SEEH LR A i 2 1 R AT 9 Bl Sk AR s F (B 1 A
DT TP R R A 2 R R AR RS TE T

C08-27
Phase stability, thermal cycling behavior and CMAS resistance of Gd203-Yb203-Y203 co-doped ZrO2
EB-PVD thermal barrier coatings
e

1. P EPUA AR AT AR TR

YSZ thermal barrier coatings (TBCs) face severe limitation above 1200 “C because of phase decompaosition,
reduced thermal cycling performance and CaO-MgO-Al,03-SiO, (CMAS) corrosion. In this study, a novel Gd,0s,
Yh,03 and Y,03 co-doped ZrO, (GYbYSZ) TBC was fabricated by electron beam physical vapor deposition, and
its phase stability, thermal cycling performance and CMAS corrosion behavior were investigated. After 100 h at
1250 C, GYbYSZ coating maintained phase stability. After thermal cycle at 1250 “C and thermal shock at
1400 °C, the overall columnar architecture of GYbYSZ coating remained intact with intercolumnar gaps
preserved, while YSZ coating lost its columnar structure and was completely detached from the substrate. The
better thermal cycling performance of GYbYSZ coatings is due to its higher toughness. Exposed to CMAS at
1250 ‘C, GYbYSZ TBCs had higher corrosion resistance than YSZ TBCs, which was attributed to large
migration of Gd and Yb to CMAS melt altering its composition and increasing the viscosity.

CO08-28
Hf $4 SIOC MBS WEENHRENITHN
%3’5’%% 1’ j%ing l’ ﬂ:‘?ﬁ‘ !
1. R

AL RE (SIOC) P e PR HARE () — o WA g f i oA IR e i m iR AR e . Pttt (B s
T (=1500°C) N2 EIR ). 75 SIOC i8N F iR HE RS I HO, Al HSIO, #H AT LAHE
P R AR o AR SC LA R R S TR R e R R O = SR R R R N AT IR, 2 PR RS D et 7R
VB R IE A IR VL 2 7 HE 844 SIOC M, 4307 1 H 5% &5 P RO S5 M AR (52 m), - [ i
TEABIT 1 Hf 3% SIOC Mg &fE 1500°C S EAMAT N, HIRAR 7 HprabyLE . s kil, Hf
$4% SIOC 51T T 9K HEO, Bk (<100 nm), [MilE#E Hf B2« L@l RI38 N, 78 0.03HF (HF/Si BE/R
b =0.03) FIEHTH T 45k HESIO, Bk (<100 nm), X4 7 Fa & SO, HIRRHGE R, HEE 1 M % #
faEtt. R RIS Hf B2 thBIfsEn, MEErPTEb ez g sE, 0.05HF MR I H B P
HePERE . 1X /& i 0.05Hf HH K i HSIO FURLTER I SI0T i, AT BSRIVIEEIVER, 6] T 2800 &,
A B HFSTO, AT AR A 1 484 BUR 21, 0.05HF P 88 7 R 1) 48U AL 2 A BRI S8 BOR BOR B3 H A BT
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C08-29
R R A R 1k Ml R T R A 1) % S BB R RE BT
PN S,
1. PEAE T K

SR FH AT SR el AP A 10 5 ) SR 2T 4 S B AL REGN R R R S PR R R, W AR E .
I EVERENUE A . [R5 AR BE

SR FH RISyt P 2B I AR SR AL REANOK 2, AR AR AU BRAL TEE AN R IR 9K 20 RS S AL AR
LT Y v TR T 150 ol ) 26 AL AR - RE BRI T AU AR AL AR OB . S AR - SR T U
JEHERE . 7 BB FC OIS i A 1k S LA O AR A . B FAPERE . BHIATERE. SRR BE
Jie

C08-30
SRR ) A BT B AR R S AT R S AR R AR K 58 3D 4TER
I

1. PEdE Tk

LAY G (CFAMD HARBRA ¥ ER L &Mk (CMCs) filiEBin ERE 1. M, 5
F TR A S 1 22 5 ) A M REAS AT R LI SR 47 4E 3D FTERfI % CMC [P KOGk . AR R T
BRI (PS) ZHLIRMS, WEERTT T CFAM il £ 1) Z IR T AR 78 g R A i R 1tk o ACHR R B4
w1 PS ETRACE, MR 4etfrie Shhdh . 40 SAHBIE (CVD BUEMNE, KRB CISIC 5381k
CISIC-CL FEM I AT AR 2R T EE GRS iR M 172.61+11.2 MPa £/ % 314.1
+11.2 MPa. & il S AU T2 B, IR i R O X el O B M M R A v PR BT 3R, X R EEIH A
TACHRAE R T A4 S FLBR B A [R50 AT, S A A% 1 WL DN 207 2k R 78 B [ 7 3k o

C08-31
B-Si JEfm-ALO; IR E AR ENi B S/
PRALY, AV, et TREL et xg!
1. TR

3 & T T RUBE L SO S MR R PR . RSO T RRNE RIS AR B,C N
B4C-SiO- K A /AI,03 (BSA/AO) XUZ k2 900°C T B sl A b Re . 45 KK, BSA W27 20wt%B,C
(82 A EE IR N R T Pt E T, 900° C %ML 196 h 5@ BSA/AO i #1151 0.11%,
MIEERIE R R IE A 24h J5 R E L 90.28%. XIHF TR ARETH BSA WZHITE 1h PR R AL W
EREA— R, RIFABERINEMECENEEEE, HAEREEREZ8eE s mE B RHEAN
AR E M. AN BEE IR 7R 2 7L ALO HEALAMZ AT A R BHES A A9 BRI N J2 B Te s MEIE R, 1RSI
HZMEAERRENE. REEARENT RS .

C08-32
TaC Coating on Porous Graphite via Thermo-Reaction Deposition and Diffusion Fabrication for SiC
Crystal Growth
BRHE
1. WAL RS E B A O

With the large-scale application of power devices, the demand for high-quality SiC wafers continue to
increase. TaC, a corrosion- and high-temperature-resistant ceramic material, has been used as coating in SiC
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crystal growth, significantly enhancing the crystal quality. In this study, TaC was coated onto porous graphite
plates using the Thermo-Reaction Deposition and Diffusion and subsequently characterized using scanning
electron microscopy, energy-dispersive X-ray spectroscopy, X-ray photoelectron spectroscopy, and X-ray
diffraction for morphological, crystal structure and valence states analysis. SiC crystal growth experiments using
TaC coatings showed reductions in micropipe defects and threading edge dislocations by up to 99.7% and 80.5%,
respectively, compared with the uncoated porous graphite. Finally, we analyzed the failure mechanism of the TaC
coating. Overall, the TaC-coated porous graphite exhibits considerable potential for use in SiC growth by physical
vapor deposition.

C08-33
BERA CIC HEME S kg
1L -
1. PEAE Tk K2

AT TC G IR AR BR B SR Z b D) 22 - BRI RE VD [RI RN . AN TF) T B AT 4l X s S 2T 4
WR%%, PANMP ZR4EHSJE T IbrR 05, FIFHBRETE . DREEAR B A @R 26 M g, SRR TE it 2
HE S, ERT CVI L. @A E RS S REE BT Fhm - s IR BRI 2 R
EREE FRAE G IR AR AR 2 RS AR PR FUIR A O U e S G MORL IR LB DL R TR 2% BN S i L o

WA KRR IIF R %« PRPERE A J1AMERERIG R R TYRAE, FSEBUR BAREVEH A
PEREEHE . RElf), ORI AR REE/INMBIREE S, IERIARNARIEDTE, KBRS, YRRE M a4
P, HeHREEMREE. soh, MRS AIIIERERIRTY, XHERPURMEE I BRI —E L.
FUEE RN IR BRI A G MORHR B SRR PR RE TR I S 4 —Fh R8s

C08-34
#T Mo,B E# Mo-Si-B i Efa @t th F5R: 3 B SR mERGER
BB T fEe T, kETEC, PR
1. RASE K
2. R H R

BAMAPUEACER R Z T RN T 1 — @R R R E R EE, IERIGE TENm -G T
YEFFAER C RN . BAR Mo-Si-B IR EEIE H &G B B¢ SIO AL Z M2 Rk R L R AT =, (B
IR E PEARAS b 52 BUANE S THBHAS 2 A S N A7 I BR 1l . ASSC o 1 —Fh St TRE SRS, sl
PG EBIEGIN MogB JZ, HhFINE5E 1 Mo-Si-B i Z A EE . 1% Mo.B JEAF NHIIad B =, il &
2% I MosSiB, IR R 1 Si FPUEY #, RN IE4E B JuR DU MU SCEUH 1) MosSiB, LS /Z, A
MEETE 7 BAEERaE e BEAh, MoB JZH5 i K7 2 WU A B Mo/MosSiB, Fi i 4444 25 Mo,B/M0sSiB, 7+
[, ZH IR BORKIZ LD (4.410/m? ) RBURI FHEIRE (2.010/m? ), MIMTHE5E 1 UG A1, X4
LR T E R T TREAE T Mo-Si-B k)= IHTAL ORI AE 1 A0 LA 52 7 TR B OGEAE , iseit
I R A s R B R R T R RO

C08-35
18 C/C- ZrC-Zr,Cuy B &M EHER b b P ER 5L T FH HA R B 37
sk, BRARZE ', RERT
1. PEdE Tk K

BRIG% (CIC) EAFHEHAFAL A 1 il 77 A VE BE PN R Il 23 18] R AT 45 OB A B 97 3 1 (O ARk ik
MR —o SR, ZAEMEAE B BRI R R R, U R AE R MEBER oy, Hehibetmirtat 57077
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ARERE DTG R P, M DA R R Tl R R R R . RS i AR R A i A PR AR ek e, s
PR SR e RGBT, TFR T — R T A IS s R BB AR . iZ i ARE L Zr-Cu Jaiki2 1%
F 2L CIC EAMEIEBM L, Ml H CIC-ZrC-Zr,Cu, RELHTZE A M FL . HEMEIRIH EE
(1) ZrC-ZrCuy FARLEM . FEIRZER T, BT # REAE ZrC-ZrCuy FoAR SRR A 4 2 [0 &k, BHEME
(R3S B P 4R 2 2 205.68 MPa, BAPERLE 1L 14.72 GPa, J1ZMERE R EIIR . 2 2.4MWIM? & 2B K JE S
60 s J5, MR B A 0.16 mgls, IR 2 9-1.17 um/s, FILH AR R BTl 5e .

HeiE e EES T Cu ) “RITAE” LUK Cu-Zr-O EEhaAs A & i gt dlsl . #—1 300s
K Gttt g0k 1z 8 S RHEN BT T 25 A5 E 1t AR EE I Cu 5 JRALBRES T I ZrO, 3L [FH]
TER, ARG T KR RSN, BRI BT & e il 2 AT 35 2k M be ik 22 43 1) 9 4.53 mg/s F11 1.83
um/s. I I RS N R IE AR E A ISR B ee b R RT R Gef it 7 — 2% nl 5 H B AT S PR R H 5 1) 2

4
’f%o

C08-36
PAEFF AL NIW &SRR /AR RER T 7T
sRERA L MR, AR
1. P E R RERk 2w TR

ASCHFTT T A% P B & TR JZ AR DU S ABEIA S5 AF N IO A 1) e D)2 RE . SR A EL L 1% 0
O (DC) HIARFERIE G &R EH & T =R AF R 1 NIW #RJZ . J8J51E 800°C F{Riz 30min, FFREAT
10 KA o A FH 4R ERBE AT RIRVEWE I T NIW IR 2 B EEANZS 5 70 TORZS NIW & &R 2 BRI AR
giry, HEWBEE S G HMEE W SEREINMEN. Jhaal, SRR ERHR R R AT R
KECHT, CIEYIMRANR. RIEEHA RS #IEA LR SEC T IRZH AR, JREAH Skt
T o GUORTTEVIRIAFAERTEE S AT IR S A AR IR PR R SR IR BE RN 45 5 77 BL TR AT e 2 3R =i

C08-37
B R ERE
Mst
1 EGRE MR R A
C08-38

oo L AT AR SR A LU R R = 4 B

Vo 1
ERE

1. REFIA R AR A7 PR 2 7]

IR Z (TBCS) LA mili . BRI T RE, R M2 R S LIRS AN T sl S ) B BR A B 3 A4
Kl ATDURERRC T S &RMIRA, ME&EMARB R ER- . SR FEE LT R SIHUR S R A e
B AR R R S IR RBOE FE A 22 B KA Ca0-MgO-A1,05-SiOo(CMAS) AR E i, SRR, X
W R I 2 IR B P B a R AR RO e ARSCRH T — Pl T AL SR WIS, SRRAE R 2
AR R AL TR B IEMRSIT N . W CIE R R A LA R AR PR AR N IR IR EMRL, R
47 CMAS 4145, 4Ll 1200°C~1300°C il s 2 B IRAR A EE, SR AWM EE CMAS JEiAT R, R R
s L EE IR Eh 2 — P AR TBC APRE, il rT AL AL I AT LA CMAS i e Tub L 1 43 BT B2 4t
(RSB HR

C08-39
% RIESHENS AT Al,Oy/Al,O; E &4 8 i Ae 52 t R BT 5T
IR Y, MR
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1. PEAE Tk K2

KA G ALOy LA YEIE I AlLO; B %L (ALOY ALOy) E &M EH ErE AR e 5 2 R 451475
MHLEIETT S 73 o0 AT 4 5 i B PR o A SR T EAT o R S S5 M o . AELT4ERE 7, 3B IR Si0, 118
AEEB, AR 7 RGE AR S R A, MR T AR ES MR . MR AT T, ST SIO, 5
ZrO, HEATER AHSCME, W FUHAE 900 - 1400° C FAAb AR Hh (AR AR B SRR 208 . 25 R % T, dE
itr SiO, AIE SR ME IR B F i, St i LT SR BRI S5 LI AR e ZrO, ST NFRILHE 5 AlOg X [ 41
BN, A RENH IR AL, FFHER A ABURLIRSE, DO keaish )2l i . Behh, EREUIX IR W 2
Zr SR RARITILG, RIUH— K B2 EIERE. VRN By TR 1% 5 S5 i B2 8] (R N AE SRR, A
WG T 15, I RUEPPAG T AR dh SIO, Fl ZrO, X Rk as &g N 13404 5 T 25 K
PSR, AR AE R VAR S  F SR B e B QB E o AT ST RO i AR PE KT AL Os/ AlO3
HEMEHR RO T BRSO 5 IRTHKYE

C08-40
REEE TBEH & HfTa,047/YSZ PR Z 0 B RS 5 2 RG] BEFEE
TEEpt
1. PO R R

UMY S J2 5 K P T P R i T J2 T S PR IR AR . R KA B TR ARSI & T YSZ 1
HfeTa,017 HLH B JZIR)E, UL HfgTa01/YSZ M &EZiRZ . ££ 1200 ° C W iE AR I
HfsTa,017/YSZ ™R ZMFAE G dr oy 200 RIGH, Eid 7 REEZE YSZ B M™iRE (20 XEH) M
HfsTa,0.7 3R ZE (90 RIEIA) . Iz ¥ (DFT) 115K, HfsTa,01/YSZ HIF RN Th N
7705 - 806.4 mJA2, WEHIT T YSZ SRR AE. B L@ E R T EBME (TEMD) 2 Hr &9
HfsTa,017/YSZ FHIHI A SRIFA B B8 AR TR ZRSUNIE . YSZ J2 13 B 28U % EFERRE
BHFER K TR, BEERE T IER ). AT BRI m TR R T HEsTa,040/YSZ XU E 2
PR AR R AR T ERENE, L RAE R E BRI . 5 YSZ B MIR/ZMLEL, HfsTa,017/YSZ XX
Wi 2 a7 R BE AR MR R BB BRAR, FREBIAF N 1.06X107 gfs, R E A 1.73X105 pm’/s, B
WAKN 1.62X10" MmN, BEHEN 2,714, BRI, HfsTa0:/YSZ o] BEFEE ™ 2RI RIFI1E
e, TCEEE— PR AT S ] BRI EIRE, BATZNHE .

C08-41
RRRAMERE CIC EEMBHEERBRMRE &M BHIT

+/, =gp 1
3oy

1. PEdE Tk

Wi (CIC) EEMELEA S SRS AEM, & miR NS E AR ARl p— 24k
581K CIC EEMBHMEXMER R YERE K . fEIXRIUB T, @k = Hh 5 2Rk £F4E (CFMP) A F = 2K 2K
NIRRT 4 (CFPAND MR G HEZ TSR, #1457 CFPAN/CFMP JBAHEZIR C/IC 86
PRl @ik CFMP #1 CFPAN HIIEEHES, PyC JEARSZREMNIMAMER, Miies 1 PyC ARk 45
PEREAR G2 CIC SAMEINLIRIERE. ER15Em T PyC HAARIAEFE, 3% T PyC FARM T
PE. CFMP [J5IAFI PyC FEMRM TR EGEIE R TIRG)ZE CIC E&6MENE XY “FHf Z Hm#iS
Ko MGRIIEEINT TEMLTE, PyC RIS A /e M T hibLR thEe 77, Ktk CFPAN/CFMP 34
SRENRAEIE CIC EAMBLEA BRI fE X W 7T N8 CFMP fl CFPAN JR& MBI E
SIGER R E R IR T TR S

12



[ M 8EK 2 2025 C08. M miE MR S8R E
C08-42

= RAR R EHE A A BRI AR
xEE
1. B TR MR F P

AR AT A R R A R KBRS L RS SRR R AR BRSO AN BB R e N A
JEE FE AR AR AR BOR 2 — o AR AT A i KIOBRAEOR B T “#7, ik 3000 C AR IR v il A 4
AT R E SRR A5 T T A AR R IR R AR R, o v AR A R AR el A 2 S U IR
DR . DA AR 262 MR INEFAERE AR PUIRZE . BN M2 EAF R, Hefd QT %
HAMGR R S 2R 550, EAMAERNRIEZE . WS EIRAC, WS [F 8. Rk BAR KA .

B0 28 I v AT 8% P A PR T e R, A I BATT e 1 A B v T AR ) 22 A% I s S R GERT U 7T,
MIETHRBUR R AL S5 R G B by g R SCI B AR BIHT, TR T R VIR w8 AR R S R
g8, RWIA FAh XA S BN AT BURHR . BRI SE A R R, S0 R i A B e BoR K
.

C08-43
BRALREGIR £ RO 2L 51- 38 1k o R B B 7t SR g
A BRGNSk T, TS Y B, mEEL TR
1 PHZEFPHIF

WALTEG KL (SIC NWs) IR R m iR Aa e M. e b B TR 2 i iR ik, 732 S TR
MRS, JCIIEH TSR RN Sl AT 8 Mm A 5E . SR, Bl E PRI R (1 2 oL fn
REAL, P Fa B T RO IEN AT E 2RI IR, 20Ok M AR SRR N 24 1T e B B AR 78 () 5 A5
AR TARIE IS A M ELR IS s R T 2041 76 TA RS B A 2 M 10 2 TR AL IR B ORI /B AL RE 9K 28 (SIC NWs)
HEMEL EEAMEHSE N 50wt%t, Al R SV SN EHRFE (RLmin) 7TIA 49.26 dB, HJE
FER 1.9 mm, HRRICH % (EAB) N 4.85 GHz, #t— S REEAMEE EE 60w, Ku Bt EAB
A LATE 1.8 mm 5 Rk ] 5.0 GHz. 51 AALHEIR BN AT LA BRBTUCECR A, 38900 Fi sk 1) 57 T AW Ak
Z EE, TGRS RN, SEERE SIS, 458 (R RUTRIE =N BES BIGE,
X TAE N2 DhBe A i P R L RGD RSURT 21 AR B R BT FFRE T B ig 42

C08-44
Enhanced Thermal Shock Resistance of YSZ Thermal Barrier Coatings via Matched Porosity Gradient
Design
A *

1 PR

Yttria-stabilized zirconia coatings, as thermal barrier coatings, require high bonding strength, low thermal
conductivity and emissivity, and long thermal shock lifetime to provide superior long-term high-temperature
protection for alloy substrates. Matched gradient pore YSZ coatings, featuring a low-porosity inner layer and high
porosity outer layer, were designed by adjusting spray power during atmospheric plasma spraying and optimizing
interlayer porosity gradients. The results showed that YSZ coatings with matched porosity gradients exhibited
excellent bonding strength, moderate thermal conductivity, and infrared emissivity, alongside outstanding thermal
shock resistance. The thermal shock lifetime exceeded 900 cycles at 1000° C, representing a 9-times
improvement compared to conventional coatings. This enhancement in thermal shock resistance was attributed to
the optimized porosity gradient design. The matched gradient effectively suppressed crack propagation during the
early stages of thermal cycling, promoted the formation of a dense AI203 layer at the interface, and further
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inhibited the diffusion of Al into the coating.

C08-45
BB E A BRI B0 & M B B VTR S SUEBR AL 8 - BRAGERIR B D i a8

T, ket

1. PEAE T KA

Wb B A MR R T AR Y 4R 2 0 S0 M A F 7 2 50 B AR F0 R FH O 22 M1 RS TR (L-DED)
HAR, FIFHLSREREE . T R PSRRI, MRt & 7 Y,0; st ZrC-SiC H &R
B (YZS). SEsE RN, ME T RIIER ZrC-SIiC B2, YZS IRER AR B E T, JEEIERMT
FHIPUHOE P RE NPT E R . 7E 500 W OB T iEsibeih 30 AP LA RN 5 FIAEN 5 Fb. 1§
H=AGENR T, YZS BEMLBhE N5 -2.49 pm/s. -3.27 umis, it TR Stti% 2 (30s, -7.63
um/s). XREECAY JTTRIAGIAESHIES T Zr-0 8, FFIRREL AT, WML Zro, Hkest, &
W TR E Zr-Y-0 Z B IR T HAHGE

C08-46
HERESHEASTYT BT
PhEE

1. ERRERE T B BHEOR S TR

BRI M T IRT ARG SRR ERE. AT, R SREE eR LY s R ES ek
RGN IR . — SR AR IHLR I ANE R, flaneiR G ety " (NIBAD SRALARAB IR —
—RERZET Al TR BN 7 & e A0 Al SR, HREy " il fvnam T v 2. ARSGmd
A AW ZARAE R T3, #TFT T Amdry365 IR )= 5 IN792 &l & 8 7E 1100°C N (1 B 5T v #F
FARRYIPEY WY Al TTRET THRRIAZARAL. JATGEH Al-Cr R AR B, REREIRIEI &€
FHmAL Cr e BES Al TR TG . R TSI sk G ety RS EZRE T Ti.
Tas§y " B RICR IR AT TEO MR iR & & BN 3 B SR L SUR A SR 1R i) R

C08-47
RIRE S EERE ZnO@TiO, HEHKE K& ik

Bk Y, KSR

1. PEAE Tk

BRI A MR R AR . DL i) 0 2 PR BT R 10 3 i, AER S R R AT N R R
17, HRMRSHENEEAN L, R RS T 5 RAER R 5l R IR AR REIR 1. I, JF AR
RAKBAMR Qb IR M ZLAM RS (HsmivE S ) IVEBRIR, SeBl “1 SRl iRz,
XHRTHBR B R SRR iR Ae e e B R

AT FOR LB % ZnO@TIiO, & krk, IEIT RIS IRIIEAERR/MK 2 G M IR A g Ve 2
Wz BFRHI# HAE 0.3~2.2 pm P BCT 3 SO & 0.9 (IOKFRTIO . 1~22 pm S BCF IR # KT 0.9

CRZLAMNES) BmtERER)Z . B ML STOREH, I IR)= IS 5 O ARR I, Dtk

B A MR S A 52 T B Bl 3 SR R Bt

C08-48
EZf MoCu 54&FK1H NiW &2 fabh 5 FIHiE R e
AR
1. o 5 RERL A T B
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NPT MoCu & M RHE il HE A T I PLE A RE T, A TR RIS B R 7E MoCu 4 3R
PO 740 NEIREF NIW &R E, T 52 P s i A B S BT b e G 3R SEBR AN I 3 R e, #R 9T T
PR AR S AR AT I 2 5 SIS T 2 oW AL A Ky B PERE IR R . G55SR, 4l Ni IR 22 #UE 5 T2
BcRRE 1) CuNi [BAAH; NIW IRENIERDS, SRR, IR ZILEN; FriREwA
WEBIBAPUHERAER], GRIHERERETCYI R, B AohditEre REF, MET40 Ni =, Niw ik
JZE IR R A REN ) 2R RERS A 1R T T

C08-49
Hf E P R MIRBEE CIC AR & KR 5L

YEG Y At

1. PEAE T KA

KA ANRE (CVD T 24 TR T 2.5D 1A 3D 45 #y CIC EEMEL, &I MNIEEIR
# (RMD 32|51 J5 1) CIC-HFC-SIC BA& KL, BT T WA A RHEAN R 77 1) b 6 R 45 RS il 14 g
FHVPAG TR OB IAEE T (4.18MW/M2,40s X 3 fEIR) falvEleimbEae. ZRKW: O X i Ok
A Z 0D RGN, AR A T A E S MIGREZ N5, RO BIR 2, H
SRAEST N 213.9148.48 MPa. 242.631+26.11 MPa; 1t Z J7 1Al CEFRIIZERIA4ET7 17D E4aililrh, MMt
B R RBER, HSREE 7N 228.78 £6.94 MPa. 245.95+20.30 MPa, X J7 A ERESEEm T 2 77
. @ M, 2.5D CICHS A& MK X J7i K& 3D CICHS B& MK Z J7 i EIUMETE Wi 24580, Piff
PR X s dham s T Z i, BT 3D FRIE S EIN T R A 4R, SEMET Z
S H R RE, R X 5125 B PEREAR L 2.5D CICHS & &M RHARERS I R B . @R M5 T2
FER T P A R AR Z S DR, 3D CICHS A MR LE 2.5D CICHS & A KB A BRI i BB bR A1t
SRR

C08-50
YSZ W BFER R B R R BRI R S WL
e
1 P TR

BT A& S SEMERAL, BT TR AL (YSZ) B PR E I iR B AT A SRS AL .
KSR TR, AR SRS E L& YSZ IRIZFEM, BT 1 1000°C i F & 18 2 BB S 90 A1 IR =
BOMIR SIS . M T B (SEMD. REEGALE (EDS) M=4EE5n th CGRAE 1 ERIES. 2
SURFIE R TTER 73 A o AL T Rl - i 2R A7 PR TS ARSI R R AE i B P I RS L BE AR AR K
RO L 5P . 4R5RY]: REEMRT, YSZ IRZMEERAY KL ERME B 5K L IRZ RG4S
JZE-JERTE) (1 AR R BRI AL N A s — g Y T P PRk B 453 ) A B A 5 e d ELAREL g
LS SEIRI R, 3 HREY R EIRZ-REEZ SR, S AC T AT S Y ) R S AR e
FHEBEFYRE, SECE SRR mREST, REREAAE =M R R R BRI R B
AR PRI T3 R AR 57 B AR . IXEEHLHIIC R 2E0E 1 i A BRI . AW U 1 YSZ BRI
FE R iR BB S T R RUIEA S RE AT N, W T BRECR L R80T J A% O AF

C08-51
HRAEGRE YSZ HERE APS RIES: M 5 RGE MR AT
FE 2, WEE VS, ek VR, iR b
1. B TR SR 4 TR bt
2. MRBE G S SN AR EE SgE, TR, Wi 2 430070
3. MAVRET I HARM IS B seie s, PG TR, widk B 430070
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NIRRT G & 8L iR I BT R IR AR, A FE R R RSE B TFiR  (Atmospheric Plasma
Spraying, APS) fiAR7E TC4 (Ti-6Al-4V) FEE Efill& 17 b ae S (YSZ) iRz, N1 HGE
Ve e 2N G AR I AR DE A48 iR b sl A A i B, 72 & SR & E 2 M in— E & B k42,
GJEMSEE R CNIAIY . Rt Fait 17 8 AR APS T2 58U & (WHAME A I THR. Ak
WED, WA LESEHREMMEE . J12- R AR R . B TR E MO, W&
FLBRZEZH, it APS T2 248, W4 REH, ARSEHAE TR ZEBINLH (LS. =
AREERFAE) T HAAAE B35 22 5, AEWHAREE 110 mm. 0T LI/ 600 A S & 55 Limin I AL 45 &
U, JEREYIS] (405.1+45 nm), FLEIZRZN 6.31%. AW B APS TS YSZITCA G2k
RKBEVERETRbE (TSR FLBRZR . HURMERE) M MCHR, AALER & SR stk BE YSZ #a iR 2 1)
APS il %% T 25K .

C08-52
HEETE Al 5EtMETTE Hf X NiCoCrAlY #4 2 &S AR K& RENT AR

BEEG T, EaoMt, gkt EYLT

1. WEERHETRE Ft k2

MR E IR B S A a2 B 2 A AL, 50 LR S MERE I B R . A SR A
Thermo-Calc # 1 2= 11 H A Hr dift e R Al 58U TR HE X NiCoCrAlY & & Pk 2H s 45 /it se i, I
FIF X BHRATHA . R, ROk CE AN Hf S EX4 NS E 68N =RAS. Hf o&
Sy AR S 1100 F1 1150°C AR EMAT N . 5 R EoR, B Al &5 12wtvetg inF| 14wt%, & <wHAHZH K
¥ILL FCC_L12 4544 v -Ni3Al 141 BCC_B2 45#J B -NiAl #14F, &F /& NisY K a-Cr #l, v -Ni3Al A
it iR HH 900°C F#MIK 2 886°C, d KT & (BE/R4r#L, TR H 0.683 /b3 0.498, B -NiAl AHPIHTH
HPEMN 1366 °C T2l 1424°C, F RHTHEM 0.613 H4MF| 0.776, [FEZ=IRAHALH B -NIAl HEEHE 2 4
A& HE & sl Owt% InE] 0.5wtoolt, FHALRASE M AR &, BEfE X 3R 4 129°C, H Hf gt
R ZALE v -Ni3Al/ B -NiAl A4S 5. BEE IR H 1100°C FHs 3 1150°C, OHf Al 0.5Hf &4 0~200h
P15 AL H 2R 373 0.045 1 0.086g *m-2 <h-1 341117y 0.061 1 0.153g *m-2 +h-1, EZH % kp 737 M\ 0.393
A1 1.41292 m-4h-1 35K F] 0.654 1 4.16392 m-4h-1; JLEB % H RRETE AL IS AR AR S 28 i HFO2 Fiik,
R BHAS SR A B AT LA 25, B HE 7R RBk, EA8eThomAts], S Hfo2
WORL R R NG, R A, SARTE SR sR A REAF) .

C08-53
Zr B0 NiCoCrAlY ¥4 B aSMAR. SHEnBERELta
BRAGRE . Skdd o, Ak
1 WSRO

R4 26 & A AN SRR KR RS b g sl AT, BA R RPUE R 42 & &2
Hl 4% P BE AR 2 I B R . AT BL Zr 21t NICoCrAlY #h45 2 a4 MR %, BRI 5928y
WAL G, RGUE T NiCoCrAIYZr Khidh |26 & AT A S, P& T & &M ERAL . Zr xR
)53 A RFAE J 1050~1150 ° C FFiRmFAAMAT N . 5 HEW, NiCoCrAlYZr &4 200 ° C P AH4H ki bA
FCC_L12 £5#4 v -Ni3Al fil BCC_B2 £5#4 B -NiAl ¥, &G /5 a -Cr F1 NiSY #H, B4 Zr {2t T '& Zr
) H_L21 MM H . %A EIRAZLL B -NIAl Ay -Ni3Al A AIEE, D& o-Cr A6 T B -NiAl
L, H_L21 5 NisY AHEZ 546 T B -NiAl/ v -Ni3Al MR AL . 4% kiR i 1050 ° C FF=%) 1100 F1
1150 ° C i, NiCoCrAlYZr &4 0~200 h ~“F¥)E % i 0.24 g *m-2 +h-1 34K F) 0.42 1 0.60 g 'm-2 *h-1,
R A kp B 11.50 g2 *m-4 +h-1 B0 %] 35.38 Fl 74.23 g2 *m-4 +h-1, “5iH Ak [ N 5 1L BE Ea v 187.73
Jmol. [FIR, SRR E BRI AIRO3 4Lk, DL /DR Zro2,
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C08-54
B CIC HEME 5N EMST IR EEESL 1 R S /BT 5T
RO, KSFR Y, EEYL T
1. PEAE T K

B3 CIC EEMELH T 2 R VE B RG] A TR A B &, S milialse . LB AR 2%
BRI T CIC S EMEL S NN A T SEETIR, DA ORIAE IR R (0 ] S 5 s al %
o AR SCR A [FE B 4 (ke AgCuTi £F Rk, I8 B ZSEFIRLE 900°C T AR 10min Ihi&H: T CIC
HAMEA 316 ANHEMN. ST SEM SERAL AW T 1 4050 )& BERHF IR4 3k B il A 23 5 BT )58 B2 (1 s,
GERLH . ETERSLAIAHZL SN CICITICIAQ(s.s) +Cu(s.s)/TiFe2/316 A454; (EATRIHIETETE Ti HIfEH
N, AR DRI HIEE C/IC HAMEERT, HS5ZRMAERK TIC; R, Ti RS FHNHY #ut
FFRMT) Fe TG IR N AE R TiFe2 FH. 2 AT InAS [m) J5 B (0 A 98 I BT I Sk oW IS nT LR EI: TN Cu
RS R Y, FREPENZ IR R 8, R BTG T BEAE Cu fAEREMM I, #k
PIBI DI B S BT 5 R %, A R IR SR S ) CIC BEM —M. 24 Cu §ER L i, CIC E&ME
— M Cu(s.s)2> 4 GAREFRHOALE, {f C/IC ML Ti LR, 5FRS CIC R R BIRES, (54T
JRRE IR K. 4N Cu 8RN 30 um I, SRR LI BT YIsR ik B i, N 27.07MPa.

C08-55
ZrO, Y EHE BB ERT C/IC-ZrC-SiC EE&MRHHi sl ik
A,

1. PEIE Tk

KA R BFBEM % T ZrO Fa VI A 4E G FI A AL L) CIC-ZrC-SiC B &4k, R ¢ T C/C-ZrC-SiC
HEMEBUE RN, ¥ CIC-ZrC-SiC it A CZS, ¥ ZrO, 5 V1A 4 a B A AL ) CIC-ZrC-SiC E &M ke R
CzSf. WFFT T PR RHE RIS A 4.12 MWIM? (4R LB flpe ik g . 283 40 s A1 40 sX2 fl%H 2
HBenlE, CZS ke 45 2.15 mg/s. -3.09 um/s F1 1.61 mg/s. -2.69 um/s, CZSF fIkeidi% H-1.2 mg/s.
-5.18 um/s #1-0.31 mg/s. -3.36 um/s. KEiMJE ) CZST RIMATIE ZrO, 414k, ZrO, -4 i 7 B &4k
FERR S AR A S B T RS R, i TR I, a8 T A R B B e R, e
B0 B AT AT LA 2558 248 S SR AR A A SR [ SR N SRS I, i A S SR S R M ) e fl,
B AT A2 S I PRI 3E AT 33 P T RE ARG inh . IR AN, ZrOy, 21 4 S AIE T ) “ B 2R 45H ” v 1 Bk
FINLIRBER S, (S IRAE SRR PSR IR R T A G RV, REF AR5t e, BT TR
PUrfRIEE 1, EARHE SR S s b B K IR

B

C08-P01
Fii T CoCrAlY ¥R/a & e K EAR BER 55 RSB AT AL
2 Sl
1 PG TR

W7 T CoCrAlY JRJZEMN & EAE 900 CA T AR S AT . WL S 1 NALE BEATIR K AL 2
X 57 73 IR, LA BT R 55 R A IR HEVE T o iR IR T AL 2 S BURFER B v AR
TR, IR 7 AU A o IRIZ LR v A RN IR A A FERZPER N RSUR T, AL
SUER) B 1y '— v BAINIE 1 REY o Bbhh, IR KAEHE 2 ALRE S FEARN A, M s R 80 7
s B IERSUY
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C08-P02
TIRMREE RN T IRF A R IR R TSP
izt Bt AnE
L PEZH TR SR SRR 2 B

H TR A= PR BT RN 2 337 R WL, Fefg imbe ik Fr #4B%ER 2 (Thermal barrier coatings, TBCs) (1
FE A TSR — AN BBk . 2T HEN SRR R T —Fit s 2 R e R . %
BERAEGIOW 28 18 T VR . S A A FIGR AR IR RS & 2R, (RIS 7E 2200 _E 2 R 1 RS A o A v T e e 1
ZHAER . ZAR T R iR B TBCs [ 45 i Ak IR A% 75 iy AR 2 P [RIES 20 A1 7 521 TBCs
PRI 2R . T ZE SRR, &1 600 (ROGH G, ek i B W T8 DX 38 A e 770 6 X 45 TBCs
IR A ZIEE] T 80%. XK BIXEE[X ¥ TBCs # K ARV, HIMFAIKLN 9%, LI RARITEALE
ATHIAR S TR0 285 SRAERT — 5. B KA I R BOF1IR B2 TBCs i A Ab i B R 35 . X I
VE IS IR SIN IR EE I B J2 73 i R A T B2 £ 1 6 5 1) LA«

C08-P03
HET SR TREEF% SiC BT HfTaC2 HAME: FBTRILIUMRE ARGl 4k
W, Bt EmE
1 PR

e i HFTaC2 83 A B 5 H 1 IR s 4 e Al s A B2 O R 28 RGBT iR EA R 28T,
HfTaC2 B % [l i P 2 225 BR 1) 1 HAEMT B LRSI R o O T R A il @, @l — P i S S
BREEHARM % T IR UG T HfTaC2 E &R %, FE43 M58 T SiCw-HfTaC2 B & MRk /)21
RefproeitEne . 45 REW], SiCw-HfTaC2 E AR A A Al S A 2L M th it 2 & 205 & ) 3 i
NG K. 51N 30 vol% SiCw i FL Ik 2447114 A 2.67MPa m1/2 % 5.33 MPa m1/2, iX A& i TR % 8 4k
FEPE B4 v ok R~ B/ DA S 20 4 A0 FE IR BEAS VE FH o 75 2.38MW/m2 F R % FE R, SiCw-HfTaC2
BAM R REDL T HfTaC2 Mg .t SiCw 4k AE ) SiO2 3R n] LIIE T8 Hf-Ta-0 kit /2 i i)
WFL, MITTTE SICw-HfTaC2 2 1 175 5 A B0 11 HE-Ta-Si-O A9 B P4 2 be il 75 o i) HFTaC2 B4 4L .

C08-P04
418 A B A AR B SR T KT A A 2 A
EGL REE B it
1 P T AR

SeHE iR Ee KA EER R (TBCs) fEisfTid e & AT itk A AL G . T IVER S
(TGO MYJFEHGL AR R, AR RE R Z RN . BRI & B A IR A AT NAE R
FERRANETT T A AL, AW UL 1 25 58 WA RN (1 KA 77- 8- R & BB HEZR . B IR RN A2
VENBMI A AL, N ATR A PROCIRSEDL T 3UER AR . 45 30R 1. MARBR AN B 52T 1 TGO
AR XN AR A3 K, FFREE RS B R AR A N g 0 AT SE NS 50, A ROHAAE 1 N1 3 4 )
YR, BEM 2005z 1T TGO WA K ARAARLY S A RAT . £ TGO ARXI AR ZAMBIRIHIL T, RER
T HE A (BB P E RS R S B R M A (RIS A5 P8 R0 A8 o S5 AR 45 SR I AR 2 v 77, AR
R ESHON G T REN /15T . AT BRI IR = Al Jy A PR T B S

C08-P05
E B WC #R% Hf-Ta-C B H A ERZUE AU A2
Fraaht, FHFF L K
1 WL TR
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HfC 5 TaC [V R HE-Ta-C LA AR &1 A4 RS 22 B2 TH AW LI BE A mT B2 T e 75 T8 R AT
BRMETEINREM L Nk — DRI SM I SRAFERE =i A EE T PR AR E A1) Hf-Ta-C [ 4 M
#, sl g N WC 1E NG A LA m L B PEA LR B . 45K, BEERILEB B AN 0% 14 InE)
20%, Hf-Ta-C P &MIBCE N 92.4% %] 99.1%. Hrh, B4 7T 15% WC [f] Hf-Ta-C (48K 1
i, 155 36.41 GPa, MiB4 7 20% WC [ Hf-Ta-C #i174 fix = (1) 4E FRE E (38.75 GPa) A 24414 (3.76
MPa * -m1/2). XA T WC #5444 R LB T Wi B b iR 80 0, $2 o 350880 1 1] F 5k P 8 (RO LA P8 e
FEAERRAER ;T A SRALEIA W RS TR b R e T SR TR, [ AR LR I R R T
Tt

C08-P06
L R R B M R RO R
B RS R
1 W% T AR

HfTaC2 (HfC-TaC [H¥fA) PR hlH B S A fAlsiR G WA e, s E T, ZRER
e B ER O R A EENMHME. A, iR AR (R IR . MR
VIR TARG AR OIS . AN U R R S B T4 (SPS) HiAR i & HAH HfTaC2 [EliA 4, 4546 iR
HA ARG WM. SEM RIAE, REH/R HTaC2 W& M B HE (FiE~1900C)
TR R O S A TR A S TR L . BRI, BB IR T, HfTaC2 M%) 2- e
BWBEAR, (£ 1900°C iy I H 0 MR A58 BE 1R I Il g 1 o A 9T 15 1 SRR vl M 8 30 2 B 58 o P - 90 1k
RATHERR, RFF R — AR IR A IR B R T SIS 4 .

C08-P07
A novel ultrafine FCC Ti-based alloy studied by microstructure and nanoindentation methods
Wen Su*
1. Xi'an Jiaotong-Liverpool University

The aerospace coating application is prominent. The related research focuses on extreme service
environments withstanding lightweight nature, thermal stability, and mechanical wear resistance. In this research,
a novel class of Ti-based superalloy (Ti-Fe-W) is presented. The metastable phase stabilization, nanosized grain
refinement, and the compositional design lead to exceptionally high hardness of 21.18+2.15 GPa and ideal
thermal stability that retains more than 99% of the mechanical integrity after long-term exposure under high
temperatures. The synergistic interplay between interfaces and incoherent precipitates facilitates working
hardening mechanisms. The cooperation of the outstanding properties and the low dissolvability of the Ti-Fe-W
gives the potential for the use in aerospace coating. This research establishes a fundamental and innovative work
for the aerospace coatings, offering a viable pathway to extend service lifetimes, improve fuel efficiency, and
reduce maintenance costs in extreme environments. This research set an example for the design strategy of the
refractory superalloys for the work hardening contribution.

C08-P08
R IPREER R KA B R Th e R A
XUERRC, FWE Y, RERT

1. PEIE Tk

EAER, PR — R R B R 2R, DR HURR B R RO T 32 B 2 ki . — i
PR U R A (1 T LA 5 A6 R B AL 2 PR R SO 24 T T Ao AR T8 3R A W 3 2 i D BT S A
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UK AT B & B IR (HE 22102 Tag 2N 2 Tip)C (HEC) 4HKEk. HEC 4K LR AERRAL IS HIRR£T
YR R FENL A, CR R, BT 0.05~0.1 pm Z A, KEZUWIE N HEC 9Kk i JE A A KR,
TEIR T R 38 &) W B i BRAA I, AR R AR AR A BRI « 9K 28 1 A2 K i 28 LIR30 - [ FE 2
EEETIRAR R I R A AL RATE RS TEAY) (TMOF), MRZN) J il SRR R = AR AL Sk, 1E
B N, TR Fe-Ni A& . A4 TMOLF, ik B SARIE RN E B B, SHILFREANESE
Wi, AT R HEC 9Kk, [El), HEC PUKZEh il SHFE. ks s r= 2k 1 A8 Ak AL 45
FELLSAPRE b =5 S o ST 77 AR AR AL AR E IR T R0 S 1) LR B M R, LA X U8 B P 1 P T
&N 57.55 dB.  AHIF FEAMLAE i 4K kil 28 AR B 7 TS 7 SR, e N ThRe i v #2
BETHRIT T, AR R R TR R AR S

C08-P09
FIACHEA 0 B M K B LB
X573
1. P2 TR

ASHIT FUFE S e M e 1) AR VA LR ST, o PRI BT S S SRR g &, RGtER T
TIPS AT A . BB TH R, B R 108 HIURE 206 € Y A Bl s 0 in S B PE P A1
FaFh, for e IS 369, [ 77375 3 e 1 A 20 P A 11 95 < B e i 3 R 22 R AIR A AL s |
KRS B Rt il 2 AN RS 0 T BB AR B Be AR, BO0E_ERIESE 1 I 0 i KA A TR A Sk
BOCREEE ST, 5 FAR TR A A AT 9 — 3

C08-P10
T 5 EE T IR HITaC SR RATTRAI & S HERE
BN FEIFL KM WL
L % TR

HfTaC [ 7R M B 2 T8 s A SRR oe T R e A B SR, TR AR 22 18 v s P B R o I 5
M, AT — R AT 28R BB R . (8 H T e B AR 1 0 v s s SRR 1 PR A1
HfTaC AR ZEFEAAIER A FEEA TSy B2 S 8, 1% 5 R 7 H PR E R Uk v A
HHAT KT A VAR AT R R, AW 90 RN 55 B T 3R 40 (IPS) TAL B 5 T 25 46 B TR (VPS) L2
B Sem, &% TaC-HIC A RMMALE B8 FERILEESS . HITaC &R 2 Hl s L 3L -k R IT BT 7T, 48
7N T HFTaC Ry AR ERACATLEE 55 [ 4 2 TR LB, S S IR 2 O A 2R S50 5 -3 R I BRI B R R

W2 B R 25 P e 5 D) T T SRRk R 1) SR RLA B . UKL B 1 R B K B S
R SE IR e 1t R B R 2 B AT AR I A, AT TR I S5 R G S IR R S B R R R b B T2, T TR
WA AR Sh 11 AT N % AN R FE VA FE ) HFTaC BRIER R . seib st Bk m]. &IPS T2 MG,
K& PR HEC 5 TaC 4t Al & AR R 7 RS 8O O A A [N AR, [ RORL 2R 17 D61 5 T LA BRI BE
FGE (BT IA] 24.7 s/50 g, FABESEE 4.57 glem?), ARG T G T ExhEm R e R Bk, fEk3t
fih b, RGRA S B T M) 5 5 5 B e O R S RICIR S I sEma B, RIS Th R P27 28 80 kw H A% v
SEN 3 RPM B, AT 7E ORI [E] 17 S N2 FE 1 RIS K AR A 3508 B S sl itk e, o) el BR A 3505 . HFTaC
WIEBE T R B g5 46 S A .

8 Bh BB AR V00T 5T 1 A (R 44 il 2 S 7 il e A o P ) [V 0 2 I S f s, o T B S S T
W IRIR 2= UTARML o B8 T W8 558 b 45 G BN 55 B P BRI IR A, ECE AR Bt |, i el s 4%
R T 2S00 %% HfTaC BVEIRZ . REE NS E TR T ESHON TaHfC IR 2 HHZH R 6 & om
SERITE AL IR A R, M 2h2 0 50 kw HiEky sl %4 20 g/min B, GO0 E, 3REH Hf. Ta JRY 1L
1T B R, 5RRATA R R AL . W, HETaC [ S B4 2 2 TR 45 2 5%, o S BhifG,
FLBRRANA 13.00%, HAF & F K 244044 43 1) A 28.56 GPa il 3.22 MPa * m1/2. 1% 1. 2 A3 i P # Rty
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NSRRI, NIRAMRRE I 5 RS B S P R 32T TaHfC JEmild B ik 2 S it 1 LAk s ie
W

C08-P11
“EAMRESER PIR B RARIR R B X REERIER R S5 M R 2R R L AL AR
fivE ", ZLEANY BELRS EELL MR FRED R ER!
1. ERIRHOR A R A

VER—Fh LY (9K 2 FLEB R e A KL, SO, At s ik (1) B 2 R 5 0 P BURR IR P K 485 ) B A A
KRR A SR A N R B RS R . AR SRS T KB N AR SR M RE R
AL, 8IS SREe AT T B AGERIER SiO, AR AE SRR 5T R K-BETIEIR T I Re AR A . B Fi s R
R, WREIRBERSE T S KRR, KGRI REEA, HFAEREE R, =R T RBE E
2218 THE, 10 /NS H 0.0410 W/(m « K)3# % 0.05389 W/(m « K), el 72 o #2 3 5 25 6 /K VB3R 53 v i it
(AR TSGR B A R RS I T R, AT SR ER S 2 0TS 33— 20 B /K-HE T4 31 5 8
B AUCK R TS, FLESHIPHS, LURIAR T RE, FUARRRR/N 2 AR 50%, =iRHKFRRESE
0.1035 W/(m = K)o [R5 B S A T IS4 43 20 0 22 0 S PR s g AT 1540, 480 B ZE 3 S 3R AR
52 G AR 5 TR U R R A o AR T 45 RO ERAE SiO, SUBIRAE KB IAEE R (I RE P AR TR T 4R 41
TEARIEA, OB R K SR R A R TR AR -

C08-P12
HfTaC @R EXE C/IC EE&M MM S Kbk vhitae
BRI AFSEL KH L Bt ARE
1 PR

HfTaC jif il M B etk CIC A ARkt T il iy SE IR T e A R P A5 R, A B O N — AR
e P AT AR T A MR, RN T2 (RMII % HfTaC etk C/IC Z Ak R T BoA il % Fi
Ry BRAMG, FRA B B SR 2 22 R . (HRALGUR MRS PSR B30 EBIREEA
AE BURALNAESE R, SEm R S APRHERE, BRI 7 AR A BRI 6. R, A FTiE 5] #t e s
FEALY . SHORE SO R BRIE T2 4% 7 CIC-HfTaC-SiC &Mk, Fxd JLREAT RO I 3 7 At R b be ok
PEREHE % o WETUR BN HITaC I . MRS RS &, BRIEE S Wik b, IS R N e 4,
FORMIMR T B A HETaC 94, I HE A th A7 7E HfTaC VAR, SIC %5, SRV S MBS Bl % 2 &
MORLEEAT 1SR AR M E %, AR IR M R e B, RIL AL DT T Ik e

C08-P13
FAT#ER R RHT R R MR A Zr-Hf-Ta-O &
R Bk Bt BEEL ENE
1. P2l R KA

HfsTa,017 BRI HAR 7 (1788 il s PEAMIR I 3 2, TERU S RBIFLAR IR 2 (TBCs) Atk 5 [ Tk
K. SR, HBIRPIMIET 7 - 8 wiwE Wi TeE EALEs (YS2), BRI T HSH . AW 50 R A [ A [ B
5 ZrO, 753 HfeTa,01; 1, JERK Zr-Hf-Ta-O F%, STEFEmWisvt. it Syt fn 8 — Pk i #s
Bh, W T2 Zr XF HfgTa,0p7 45K UL Zr-Hf-Ta-O M & J12prERe i sem . 4550 EW, fE&iR T, 2Zr i
TH BN HfeTa,007 S5 IFHUR HE JR7, (F3FH %1 Zr-Hf-Ta-O & I — IEACAHZE . # R
1) HF B 7] B P BRALE . BEE ZrO, S M3, SEI T ek& SRt m, BB 51 HfsTa,047
SERITY afhOT A K. BRAh, ZrO, S N R E SR T HfeTa,07 MR IIEERE R 2%, 24 HfO,. Ta,0s
- ZrO, FIEE/REE RN 6:1:3 B, Zr-Hf-Ta-O P& MW= YIRS B3 (1A% 2.41+£0.05 MPa » m' /).
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I Zr i iges 7 HAE Zr-HE-Ta-O S5#FPAHAE Ta-O AT HE-O SISO IE, MIEETH 17 AR
JIEEERE . I BARIB IR Zr X} HfgTa O S5 AR RERIVE ML, AT BT 51 A 0 3R 212 M B 451
o, Bt BRI AR R

C08-P14
Hf AR BRI S C/IC EA b p i gepT 5t
VafEfE Y TKEE Y A 2
1. PEdE Tk K2
2. Vi B 4 Bl B A M RIIE T B

A TR AR s A (HESi. TiSi, A1 TaSiy) 18 CIC EEMEIIS AR R, i s SIS
# 1 CIC-(Hf, Ti, Ta)C-SiC & & ¥k} . 24 HFSi,: TiSiy: TaSi,=8:2:1 I}, it C/C & &bk 35 BE ik 31 4.15 g/em®,
TFFLBRRAL N 5.81 %. LA LA 2.4 MWIM? (A 2K IR 120 s Ja, RFER TR miis 2400 °C,
(HRIHAC T PR RS, FE R %A% 2 -0.18 ma/s. i B GEHT 78 AN Al Bt 18] 52 S AR O 45
FEEAR, RN HBURR ML R HEL Tiv Ta JTRITHEIVERINLE] . BRI, AORERHAE B HFO,. TiO, A
e Ta O 255840, =3 KA N A 1% 2 AR AR I(HE, Ti, Ta)O, 55 HFTIO,, X Se 404 (1 1 576 P 2 2%
P A L . B BN (O RE K, HETIO %5, 1 Ta,0s 5 HFO, S i HfsTa,07, 4k%E
VE RS B AR EAZE BRI VE R o A 9T 45 A I BB & BA R R BUR i se ) CIC E 644
BHRAL T JB AR HE R Ak S0 .

C08-P15
Influence of nitriding time on the microstructural evolution, mechanical properties, and tribological
performance of Ti-N nitrided layers via microwave plasma nitriding
Junhui Zhang *, Zhigang Xu *, Chuanbin Wang *
1. Wuhan University of Technology

Microwave plasma nitriding is an effective technique for enhancing the surface properties of titanium,
particularly its hardness and wear resistance. This study systematically investigates the influence of nitriding time
(1 -5 h) on the phase transformation, microstructure, mechanical properties, and tribological behavior of the
nitrided layers. The results reveal a phase transition from a-Ti to a dual-phase composition of TiN and Ti2N with
increasing nitriding time, accompanied by a shift in the preferred orientation of TiN from the (111) plane to the
(200) plane. Surface morphology transitioned from smooth and dense at short durations to rough and porous with
extended treatment. Furthermore, the nitrogen concentration gradient across the nitrided layer became
progressively more uniform as nitriding time increased. Mechanical testing showed significant improvements in
hardness and elastic modulus, peaking at 30.52 and 333.53 GPa, respectively, after 5 h of nitriding. Tribological
analysis indicated that a nitriding duration of 3 h achieved the optimal balance of low friction and wear resistance,
attributed to the formation of a compact and well-adhered nitrided layer with favorable surface characteristics.

C08-P16
A machine learning approach to predict coefficient of friction of laser cladding high-entropy alloy coatings
Yawen Pan *, Jian Peng *, Chuanbin Wang *
1. Wuhan University of Technology

Traditional method for evaluating the coefficient of friction (COF) of laser cladding high-entropy alloy (HEA)
coatings, relying on extensive experiments, is costly and inefficient. To address these limitations, this study
proposed an efficient machine learning (ML) approach. Random Forest, Gradient Boosting Decision Tree, and
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XGBoost models were developed as base models to predict the COF of HEA coatings. Feature engineering and a
voting strategy were employed to enhance model accuracy and generalization ability, yielding substantial
improvements in performance. The optimal model achieved a testing R2 of 0.97. A satisfactory agreement was
achieved between the predicted COFs and the experimental measurements as well as their trend. Additionally, the
impact of each feature on the COF was clarified using SHAP (Shapley Additive Explanations). The results
indicate that this ML approach is a promising tool for predicting the COF of HEA coatings and can serve as a
valuable aid in the design and optimization of coatings.

C08-P17
CVI 5 PIP AEILEF SiCf/SiC JRA ML f1 88 R ABRAGHI R 7
1S SR AN S = 0750 /R 2 % - s
1. PEAE Tl K

KW RGN T CVI 5 CVI+PIP T E #4411 SiICH/SIC & SA MRS Kk . J127 1k BE R 4
bl 2R BN, PIP TEAESE SRR S NN A R A et HAART P %1k 13.8%,
AMETEE 21.9%. TEM RIELEREZH, CVI LEMEFEZAINRE ST, RIANRBFEEAN; 1M
PIP TZ 5 NIRRT BEAIE R 8, W3 W RVE R SRR R T 3 50 8 451 o TIORE R 4 SE 30 R B,
PIP T ZFF il v 4 2 5 S A Y W 2848 PR 6 R B, 480 HE SRR T 2 RS S 25 Bk Ff . R -ZE R
BT (TG-DSC) #— 7R, PIP TEFC 7 AR GRIREE, FRmbh 74 BiE# . XRD 5 EDS
SHTIESE, PIP LK1 SIC Ik E R B m, HEW WA setl mfAez R, RSN
PR XTI B T PIP SIS S /B AL RER FRIE A EHLE], Atk SiCHSIC
AR & T2 587 K mRbra et se sttt 733,

C08-P18
Cf/SiC BE&MEEH SiC RERRE BEBESAITHN: 1200° C = 1400° C KIZFEEBHLEIAEMEHIED
BT, Mt mEM Y kg
1. PEAE Tk

XA SIC RJZH CRISIC Z &ML (CHSIC-SIC) F M7 M AEA B TR A ZE,
1w 3 3 m 2 A MR I B s A e R . AT 2 T OB 58 (Reax-ff) (143 T3 /1% (Molecular
Dynamics, MD) Jf& | SiC i%/Z1E 1200 ‘C-1400 CIERAMARY BRI BT i AR RS 1 SE A0 2
WKER, 5% (Mean Square Displacement, MSD) FIRN Jy3icd . WSARY BRI JE T A28 40
AN FE AT T A R PSR AR B AL Z B B P e (R s e o[BI QKT M8 P AR 52 77 25 BRR 5 5 B AE4UUAH
b, BB T ER TR SRR RN YRS AR E T . B IR R, SEMERAE
K 1200 ‘C& 1300 CFEEJEIFAAH BN, 7F 1300 ‘Cis#| i/ ME, BLrHREE b Eae i, JRH
TARB ARG, MR T ORI ROU 25 4 1 AR o AR AL

C08-P19
HfTaC2 Jy# it e i A AR 2 5 H A
sRIRLY, ek ERAE N Bt
1 PR

HfTaC2 [ AR AL i a5 B s e S Fl ) iR AR e 1, SO — AU A T AT A5 24
i RSB AR IR RL . AT AR AU IR AT i 5 T R A IR B S Tz B HE SR SR 52 R B be i T stk
HfTaC2 (e i REil S Ab o s W AIAR AR S5 AL 27 DR 3R 5 R (9 A0 R ANV J2 i Bl 5 0 2 R R SRS I
JRERK . BEXF HfTaC2 ke btid A% i i) ST A R L AR AL, ASHIT FU kT 70 TR ARE S HE SR A 2 [ A i
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AR, B AT AR LR JEIR B I 261, di Adams 3 H RS R I R R WA Tag0s
R R AL S S50 ) 2 05 RE iR e el R vh RO AL 22 A, M RS VRl AL R Tk A
Z PR G R . BB ZE BRI BT ER S IR e TR TR A i T3S 50 UL 15 e T SR A AR
FESEACHEE, FE 0T 1A R R i L 7 e Pl B Hh AR X o R B2 K e o A v B 2 ) 2 A

C08-P20
ZrsTa,017/YSZ SZIRE CMAS JE LB 58
BRME, EE Y, Bt EaEt
1. PG PR K2

A e R AR LA A ) iR AR ME AP CMAS JE ke 17 18I KRS TR, BRI %
T ZreTa017/YSZ WZIRZ . X BT TiZIRZ(E 1250°C N0 Hl4 0.5 1. 2. 5 Fl 8 /M) CMAS
JEd e, WZERIRITE R AE RN S AR, R TR R R AT CMAS JE e
CMAS JE i S BT R AT IRZ AR A DL S S 3 SRR, 7R BT b lE S5 25 1) CMAS o,
Fi ik AR A AR AR TE A WA KR B 77 . CMAS PUisiB i 5 BOR 45 2 POl S8 5, 1Bl M 25 2 1 T 1 o
ERTE, A FEURZEARRIL.

C08-P21
MBS FEELLE) 3D T R R

i Y, et

1. PEAE Tk K2

The 3D printing of refractory materials with melting points exceeding 3500 ‘C has always been challenging.
A supramolecular alkoxide with a complex cross-linked structure was designed to inhibit atomic volatilization loss
during heat treatments. Subsequently, 3D printed ultra-high temperature ceramics were successfully active
sintered at temperatures far below their melting point. This research used zirconium alkoxide supramolecules and
3D-printed ZrC ceramics via direct ink writing as examples to demonstrate the feasibility of extending the melting
point limits of 3D-printed materials. Bond changes similar to those in metal materials occur during the sintering
and densification of 3D-printed ZrC ceramics, involving phenomena such as slip and recrystallization. The
densification by zirconium alkoxide supramolecules after sintering further enhances the hardness of the ZrC
ceramics. The approach of designing ceramic precursors as sintering binders in this research is beneficial for
expanding the sintering technology of refractory ceramics and the range of 3D-printed high-melting-point
materials for the aviation and nuclear industries.

C08-pP22
Phase Stability of Hierarchical Microstructures in High-Temperature Structural Materials
Florian Vogel*
1. Hainan University

Understanding phase separation phenomena enables tailoring microstructures of high-temperature structural
materials to develop better materials with improved properties. High resolution characterization techniques are
used to understand the link between structure-property relationships and the 3D nanochemistry of hierarchical
microstructures in high temperature structural materials. Hierarchical microstructures form when additional g
particles form within g’ precipitates and pose a novel concept to strengthen high-temperature structural materials.
However, these g particles are metastable and two possible metastability pathways have been indentified: (1)
continuous growth and split of g’ and (2) Growth and dissolution, both resulting in a loss of the strengthening
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effect.

This talk presents how high-resolution characterization techniques such as TEM, APT and synchrotron XRD
are used to gain insight into microstructural behavior and phase stability. The combined results inform alloy
design strategies to tailor fundamental properties of g particles to enhance their temporal stability and thereby
retain the strengthening effect. APT offers unique insights into the 3D nanochemistry of phases in hierarchical
microstructures with g’ precipitates only ~100 nm in size and nanoscale g particles (~8 nm). The results suggest
that by phase targeted alloying, supersaturation and evolution of phase separation can be controlled to tune the
properties of such materials. To create new materials strengthened by hierarchical micrsotructures, the phase
stability of g particles needs to be enhanced.

C08-P23
Optimizing the gradient pore distribution of YSZ coatings to achieve excellent thermal shock resistance
Yang Xiang *, Li Zhang"
1. University of Electronic Science and Technology of China

Yttria-stabilized zirconia coatings, as thermal barrier coatings, require high bonding strength, low thermal
conductivity and emissivity, and long thermal shock lifetime to provide superior long-term high-temperature
protection for alloy substrates. Matched gradient pore YSZ coatings, featuring a low-porosity inner layer and high
porosity outer layer, were designed by adjusting spray power during atmospheric plasma spraying and optimizing
interlayer porosity gradients. The results showed that YSZ coatings with matched porosity gradients exhibited
excellent bonding strength, moderate thermal conductivity, and infrared emissivity, alongside outstanding thermal
shock resistance. The thermal shock lifetime exceeded 900 cycles at 1000° C, representing a 9-times
improvement compared to conventional coatings. This enhancement in thermal shock resistance was attributed to
the optimized porosity gradient design. The matched gradient effectively suppressed crack propagation during the
early stages of thermal cycling, promoted the formation of a dense Al203 layer at the interface, and further
inhibited the diffusion of Al into the coating.

C08-P24
EEOLIEE SiC-Si R 2AE C/IC Eik _ERFTEOCEMAT AN 5 HLH]
Rt
1. PEAE Tk

N T BARIRZ T &5 i A AR 12 se s, dE— PR mnR E M BUEO e R e R, RO
BFAERITRE S AR R T H]4 T SIC-Si ¥RJZ(LC-SIC-Si). N 7 #HTHuEe, @it A [E B84 1 SiC-Si
W)Z(PC-SIC-Si). 45K, LC-SIC-Si ik Z B A MXHARAHREE . AP MBI B A HTsO s Rk i R
LC-SIiC-Si i ZFE i REF 1 CIC EA KT 98.3% 125 58 Z, 11 PC-SiC-Si iRk JZFF i 1) C/C ZE ikl ™ =
Tk . 7E 31.20MW/m? I et 50, LC-SIC-Si I3 J2 FF it ) 5 B 151 25 %.(0.07% )X A PC-Si-SiC %2 ) 58.3%,
LC-Si-SiC & /2R R M N 2718 K, L PC-Si-SiC i) 309 K, iXJ2& i T &ft & & 1) LC-SiC-S i
JERRIITER T HA SRS SO 2, X E AR T AR (R ETR).

C08-P25
R E S MERE BRI RREH S L ZRBEWHAR
A’
1. PEdE Tk K

Wt TR U A A Jee s RSP e 2 B T W B DA 77 ) R, LR P P 2 P B0 A s P2 LA 1
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Bk LA T IN, TARRAR R E R IR TAE, Bk, SURHIRE A RIA AR % RAF )
HUFATERE -

BRI S AR L AR M i A 3R, ) OB TR AVEE MR, SR, HE I RAR
REG IR BRI RRE IR A A, R R PR35 & sk b 3R T ) AR R S 2 AT SR R e«
RW, HAR SR RE FT A SO SR M s AR AR SR T,  (HIX AR b 25 H S Ak R, IR,
M v R T 2SR FE T A S FR TR RUR A IR, PRI AR AT RV BR 25 A 2 T A 7 e A S 2 T A
wR, Paeo R AVE 1R RE

LA, GIKBRADELR FLAIL 7 R AR S PR RERS 2 N H TR B . 9KBRAT B SRR (B 2 S M REEA
R ENE BT, K HIRAE T iR S APRIERI, AT LASEIE R RO S UL RS, I REA RERTH R
ORISR ARSI PR ANR BBy BHEORE, SR A 20 B IR 4 2 RS RIA AL 22 ST (CVD)
TR GTRIZM & TR SFPRIER T, SR 0B 12 BRI 2 OIS R e T FAOR S R AR =
ZEE IR L .

C08-P26
IRFREAG IR E H (YD1.,Sc,)2SioO; [ 44 14 RE BT 5T
ikt
1. L TR

i L RERR ER A B/ (CIC) R AP EHIIABEREGIR 2 AT DA O = iR A8 F K2R R
o FATBL T (Yb1,S0y)2S1,07 B MM BEA R, FFS HAAMERE . WIEEIERE LR HUK AR ph itk e AT 10
o TSR LA M T AR IR, KRBk 5 7 BORFEdh . B RDR YR B
s NRRAEMFEAL . Sc TR MBS IRIER T AR 4E IRIERE DL S s EAs s IeAh, [ AR I A s
ST ERR R ARHT 5 AR 13 FEAR o 7E T RE 5 (YD314SC1a)2Si,07 AR I H T et 57 1 oK U8 vk
» FEINREIG IR R I ERARM R

Bom o

C08-P27
BNATEER R T 5 AR BRI 4544 i B

FHY, R

1. PEIL Ak KA

NT WSS IER BT MT CIC E&#E HT CIC S AR EE /I IR, AHE 78 R AE
T AT R RAE 22 5, 6 AT T ORI T TS RO S5 A AR A HE AR R B 52 . 7E 0-400 RBNAS
TR R G, MT CIC EaMRh Bl T i B AFge i i RFEAR Sy 2, 21 2R o B K R B 0 34
M O IS I, AR BOR B B RSO SR IRE HT CIC BA MR A 4ER LR A &,
IR WO RIT T G 8 i 2 R, FEARES SRR BARAE A 2 R AN R B #T
difa, MT #RERISEAE T B0 RTS8 BE G I 838 /T HT @i, AR IREHOERarh
Ja, HTCIC EAMEMASRIEARE (41%) KT MTCIC EA#E (29%).

SRR ®IC
C08-PO01
PR E SRR B KSR B &SRB

sk
1. P D RAAE SRS E AR A SR =
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Wt vl BRI AR 5 b e i 3 AR 75 R H 23 880 A% 48 5 R 9 B AE IR A 8 T I RE 25 T
TCVE R N R o B B AR FE B i il SR PR IR BE O B AR M BRI B . AT
ZRIR T P R A A AR SR (BRI R S MW FE, B A T AR AT AR A A B U ) S FH T g2 3C
EIRN A T REEE SMERG S TE, AL EE (CVD. SBIRERBERE (PIP) Al N4
iRiE (RMD 587705, Jorth VIR T ZRMRE . BLoh, AR 7RIS S RS
PEREDUAL, DLRAE S IAEE N B 1247 AR AL . i i SCIO AT FEMBUE A, #8711 AR S HOR S5
SHOT TR IEREMIFE A, PR R SRR R ) TR N SO T BR S HF

C08-PO02
JE AL B AEEALT SR SIC/SIC EA MR RERT 5T
P
1. PEAE Tk K2

SiCf/SIC &M EHMEMH SR Mt E ., SR Ul R BRI, AET S MR A )
el S R T R I TR B AT S AR AR SRR SRR S M T, SRR I A A s AR YRR K
AL L L B AR R . b, BRI (BND FLTH A R R AR e AR TR S il ik (PyC),
BN A HTRF RIS . AR FE EAL A AR GBN) A5 MHBER: (CVD 2 0l#l % H4: BN (BN
i BNCeBND FHHIAR, FF45 & & 2 4 541 (icBN), R4i%FEL T 2D SiCf/cBN/SIC. 2D SiCf/iBN/SIiC
J% 2D SiCflicBN/SIC & #1 R & ) A g S R AL BE . SEge 25 SRR W] 4 F 1= )2 522 300~600 nm
i, =FAPES RIS R EERE (5200 MPa), L3 {H N /7- A8 ih 28 24 S XUERPERRAE, 150 LT )
L2 RS N . O R B, = Fh S A B A AL RS S R L], (B, B
FE R S 25 GoIRES 1) 2 57 T SO IR MK FE RS #E B DA ], T sZma Rl BE o e 280 F8 BRI Ak
PR JEFAVEIT L, LRYEprik. SR ORG S A 4E 4k . AR, iBN 5 cBN FLHIAHTE /12T N h R I &
FEARAME, RPRACTE T TSR AE T BB AR
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SiC/SiC M ERE AM B & T2 RHRE
==

PURR
1. BRVEAVH 22 T AR X P AL Tl oK 2

SICf £F et SiC FEM R Ak (SICHSIC) FEAE JL Sl il /)22 PR RE . UM St JE Tk g
AR 5% RE SR B OB R . B R M BT Lo m AT R ar S 003, &Pk
FON AT SR S IR E A RRE . SR, ST PR RO il % A vy DA R ) 46 T2 P I 5 (), R 1)
THRMEN ] . ASCERIR TR SICHSIC REMBHNIWE L&, [#d 7 HA RS S VERERr . 72
FHRORTTH, ERAE TR T A RABIETR (CVD. ZIRARBERFE (PIP). JRRNZBHE
(RMD RS HRIEEAR, X BRI EEAT 7 0. SCERRARW 1@ F i s Ao 25 i
WRSETHATRHE RE A BT U R o BReJm s ASEBRILHI i BEXS SICHISIC A AR « SCEAn B A Al 5t
BEAT TS, DAHESD AN A A BB A s A S8 S QT L P O

C08-PO04
F T A2 OB 4% (0 E AL AR B B I SR AT AT
st
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TEMRIRL A, S AR i DR AR (R W B RO 2 VT T 25 52 0V o SR, SI2 50 B0 R IR s
Kt B AN LT B R T LA ST B o DA 1 R — ) L, ASHIE FU4R H SR 2B R BRI 4% (GAND
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TR OCHARE P i o IR AIE 7 22 DA % B2 JR A D% RO S 4 S HOIAT TR IR R 5 4, R SHAP B3RS
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