T EFMB R 2024

CMC 2024 & WMC 2024

July 8-11, 2024
Guangzhou, China

C16- B IR AR B AT A S

T

C16-Material Properties and
Evaluation in Extreme Environments

Organized by

Chinese Materials Research Society

Website: https://cmc2024.scimeeting.cn

‘MRS



T EREL R 2 2024 5 i SRR & Clo-tiim IRBEA ST P MBHERES PR

C16-1Rym ARABLFAEE T A RHERE S PP
e FEW. RMR. BSR. EHE. JE

C16-01 BmARHAH: BFRE
YUK 5 PTG R ALY 25 ] 5 B
TRER R, R, aRE!
1. WL R

il N SR A E R BRSSP RERAEBE . bedh. BRI IN Tl A il iom 45 44 5 1 g
M E PR, RN MUK S TEREST AR AR ST . I DORIS BRI T % 5 PERE VA v ik
WL FTIE 7E 32 B G B L RAL, SR AR T B ARG AT GOUL S5 A A AN 5 22 A L AR P e A 42 4
HREEE . GURDHFE AL R BB R AR ITT R, SEBL T AR S 00 R Wl RAL T TERERHE il 32
T T EE AR 5 T AP EBE R E AL R AR, R RIS T2, R, Rt %4
PEVPU EE R T B RN AU R iR S R B G R L SRR RAL T VR R e S AR & et
FEH L (BB AR o

C16-02 BARTWABR. BiFEHE
WOmEREE X SHREAL CT AR 5N A
2 PExl, JuE4E !
1. FEmt Tl R

MORHERRL 2 BRI TT 5 Se ERAL BRI R R BB 2 R R 2% 128, MBRERAEEOAR S5 GER SE o 4
B AErrfilis,. TRENAL RGO i fe, Anrsisk. Tk, MEMEITRARAN, AL
TEAL S SRR RTVR R AR R, B R =4k JRAL. PR A RSB RIS S HR . HET X
S s g e DA SN Z 34 (CT) BOR, 258 WK PO 12 e 5 AU, SCELRCK Sm e
HE X A2 CT g, TSRl oK/ R PO I =Tk 8 R T w38 5 CT My Hok, MBI
PRI AE, FTSEEE R BRI BARNTD. MR AR RS SEIRGOASE AR = 4 AL
R HAMZEARCNHAT RS S 6. Hee. KRG, WAEREME. B, ’EtL. 50
SRR =4 BALIE TR AT R OGRS IR S B A R SR O T R B mitERe R A
X G2k CT WA RN , AR RIR T S S M RHE IR 00 T R R SE A 22 4k

C16-03 BHARXHMARE: BiFRE
ETZ BB E &R
B!
1. b R

FET FeCrV 2 X G RAIGE R &2 MARKR, ERiRmiEEAE (>100dpa, 500°C)
T, BANRRPUREE KRS, (BRI N IS T A RE, 7R RSB YR AT, IE N A
J1EEVERE S TP e SF LR A 1 RE I 2 H stk ik, FIRASEITRAIN, 705 FF A BT H dke i A48 o] i
M 5AH FeCrVAIx LA 7 Laves FH[1) FeCrVTix PRI & 4, H AU S As B AR XS ) 2711 B 55 Brodm HE i ik 1 e
PLJ Laves FHXT 77221 6 S AR VERE FOVE FHAEAT TESE, T2 HERRALJE I, XF 0 Z it FeCrv 2
EBEMEEMERIAT TR, MBEREHRAZFINEE. MO EREGE. LETHESE. AlESSmME S

1



T EREL R 2 2024 5 i SRR & Clo-tiim IRBEA ST P MBHERES PR

FARL AT AT B -

C16-04 BmATWERE: BIEME
FEERSESREMAREERT Sic |GIT AR
2 {1
1. P E BR8N Y BERT 5

T SiC XHEEMERER I ERe . iR = 1t AR JEUR AR P TR 77, TG
WA IR SRR, 2 BRONIA SR e AR — o TEMGERHER SiC ARG S il 43R5
IR A 2 IAET N, DR A R 0 L v S T M R (R R S AN ] AR I S B R A )
o ASCR B 7 R AL 4R IR AE SIC gl NiRR s, SRJEH HU T #8245 =i FLiNaK & 38
(650°C) HHHTE M, A TEM. SEM. AFM. Raman Al XPS 2R EAET-BL, WA 1 4@ B Hihxt
SiC M EHE R e Re sz . AR REATAE SiC BA R MPTia ShE itk 5e, (AR B3t T SiC /£ &
IR EL FLiNaK SIS h. fFARAIL, 7E 70 keV Si BT Eil (650°C) #RIR SiC #Edh (R HFfskt 2.5
dpa) Z iR IEH FLiNaK J81h 166 h 2 J5, FEMRIARA T B IS, WA R R B et
i R IR R I I G o 2 TS bR o R T D D VR 2 R BN 40 £ 8 nm, X HEE IR IR FE R A —
o EGLE R R SiC MEHIE S C-C (LA BAE C R Si S F I kEEA <. #—PH
SIS R I R EAR I (<03 dpa) B SiC HER LA IS, (A2477 &3 3 dpa £ HILE
rn AT, FEAR R E R T SIC R (Si Al Xe B AR NI S, UiIER A EE SiC FE T
I FEAEAE dpa BIME . S JE PIURE & 3R AT AL T 1) 0 AR B O o 2 5 2R IRt Sic it #2 b, BRlkds
il O 2 1 & B MR TRAR BB E SiC J Tl G

C16-05 BAZWRE: OLME
LB TR AE AR AR SN 724 B R B R 5T
B, R, B!
1. RPN SREe =
2. LR R K S 4 AR R S =

BRACR A G B LUaRE s PR G S s B R A R TSR, AR T2
A BB T2 (ENEH NI 850 & 8 E BB AR TENLE], TEARAR A R 73R R Bk o B 1
[F I AR BB, DRI AEBRAR P 91 N 2 B 2R R e e L 2t R ) B B SR . AN [R)SRBY AR A T AR AR
MIOZHZA 5 75 PERE S 25 e, o) B AR Tt 2 2 R e 2 28 o 5 FL At S T () A ELAE A SR
Xof AR T2 RN U 1 IO 4 (0 2R A, BT AR R R P REAR A A A EE A ES R ORI S L. TA2
TovgigR N N 2 o BARRAREE&2 —, ASCUL TA2 TOVATECAIE A 4, il i R AR FL A1
R LR R AT AR T AL B, TEAR T 5 NS RI SR B I & B0 2R i SR 14 e« 7E LS |
P BFERRHATHEAR (EBSD) HEBA T 1Rt 220 & 88 FRREELH A lRA@ih
IR ND//c fi), RGMIR T IRIKIRFLH AT RE RGBT R ZE2E 4T FIHT X Schmid & A 5T
TURMRIREL] A A o 3 SR {11-22 R0 {11-24 28 G AR R BRAR B, BFAL T {11-22} F1 {11-24} 28 R 7E
s R DAY I A B DA KA SR IR P 2R I R, BRIIR T {11-22 1 M1 {11-24 ) 252 f 7 oy S 1 23 1 3 A% 5
A, BRICIRMGIRELE] A AR S T R, A A il & s RE B SR AL B8 SR



T EREL R 2 2024 5 i SRR & Clo-tiim IRBEA ST P MBHERES PR

C16-06 HARWMAR.: OLHdEL
SRR IR D 2R R R 5T
XL T, skegr 2, R, JuE4E2
1. MR T K2
2. BT KA

82 A T A AU ST TRE PRI AR RSN TR R (R B e . AEAR AR, IRATA LA ERAE AR
TN R 3 1 S AR AN, FER LN ENLEE AT T RS . (R R B, AEARI AR T 3
WEALHER . AR, RAEFmERES, EERT, [MNASER R 7 HEmEE, SMAREET,
DERT R R B T <cra>if A . EIRSREIEAIVINBL, IR T AR R {(11-220 548 R i, IF HAEANF R
ARE AT AR RS BRI E, B TR SRR, HEEE MAZER KT BRI

C16-07 BARTWABR. DLWy
N IEPES ST I FRB TN A SR RR FRIAR R R R K R Ha
T !
1. P EFRE B N YT 5T R

ZERMRHE iR AR 25 1 T IR A ARG A 2 S8 R B AL RE S N HE L A ZE A B R EE ML R
BB KNARSBITNERLENRZ . MRS M A S SR, ki e ] 58
(AR AR e 5 PRIE T H AR RHE SEIR IS TR 779 F Y B AR Bk A A5 i o 55 AT RO AR R AR [
A TARRETARPES G S5 5 1 — P RO SN AR A 5C 2R B I A2 FRASE AT i FX) i B Ve A AR - B i
GEiHEAY . AT B AR BOADR RN SEIR R (Rl . N T R AR T ) TN A IR B . By ok
PF R B IR U AR IRAR 5 i . DA IS P T 8 i 28 Ak R 0 R A SRR 1 S I HE 1) 45 R R R v R <
(GH3535) 4 FZMF TR B, 1 Grit A5 2 A P 2 4 < PR R IR 05 A2 A0 (R I I AR 75 i~ 250 /N T
FEHEERRM T GH3535 MUAHYO¢ AR AR IR 73 fir, AL AU TN 45 R 5 SEIR AR IR Z T 650~800° C,
273 75~380MPa i il Y U6 A2 A7 a4 R W) & (o KR AL 75 i ~ 7). 5 H AL S 2 8 T e
(Power-Law)ifi A RAH LG, TR0 GH3535 e PG L i 1 1~2 BE . RN, BE T4
THER BN TR R ek R, HEETERAR] 7SR RIVEIE. T SRR IR 1A
PRIFE VR VPl 25 R MR AR S 25 1 T IR A PERESR I 17— 2% RTRE BT it 42

C16-08 BHARXWAE: OLRE
BAZETRERBE B EEHEY S 4Rk RE R AL AL NLH] . SEIRRAEA S B
B, Br—fE!, ¥E, T, TRMY BEEL HET?
1. bR
2. HEg KA

ANz NHEBRE I, SR EE G S AEMMEHT R T Z R RECAH N TIEXN &EMREE 7
ISR N IREAAT AT T 209, (RS R R 7 2 % R IR B N, B iR A 2 R
ANE R RHE IR T BIVERE . At AR TAERASLRAEAEIR EBARS SG T B, R TZET
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SRR PAVERE; £ 3200n JE TS, 800H & &R # Fe MRS E G, ANMIEERIE, 45
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B 7 B S P T RSB G I RE Y SiC/SIC EaMEHa 7 E T R TIE, RAEPR ERERE T
[ JZ 3 HAR, MR R T SiC/SiC B AMEVE 78 B3R A L BUBIL AR M s RE MR Z B & B,
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C16-20 RAZWAE: Dk
Enhancing Hydrogen Embrittlement Resistance in 304 Austenitic Stainless Steel Welds Through Optimized
Heat Treatment: Unveiling the Hydrogen Trap Effect
Jinxin Xue !, Hao Wu?3, Chilou Zhou*!
1. South China University of Technology
2. Guangdong Key Laboratory of Materials and Equipment in Harsh Marine Environment, School of Naval
Architecture and Ocean Engineering, Guangzhou Maritime University, Guangzhou 510725, China
3. Department of Physics, Department of Materials Science and Engineering, and Department of Biomedical
Engineering, City University of Hong Kong, Tat Chee Avenue, Kowloon, Hong Kong, China

The effect of heat treatment on the hydrogen embrittlement (HE) resistance of 304 austenitic stainless steel
welds has not been systematically studied. In this investigation, samples were pre-charged with hydrogen for 24
hours. The influence of heat treatment temperatures ranging from 400°C to 800°C on microstructure and HE
resistance was investigated by slow strain rate tensile testing (SSRT) and scanning electron microscopy (SEM).
Findings indicate that HE resistance initially improves and subsequently diminishes with rising heat treatment
temperatures. The optimal HE resistance was observed at 600°C, evidenced by a relative reduction of area (RRA)
of 0.84. In order to further elucidate the mechanism of the effect of heat treatment on resistance to HE, hydrogen
distribution properties were characterised by Scanning Kelvin Probe Force Microscopy (SKPFM). Remarkably, the
contact potential difference (CPD) of the 600°C sample was six orders of magnitude higher than that of other
samples, suggesting the highest surface hydrogen concentration. This phenomenon can be attributed to the hydrogen
trap effect, where intergranular precipitation phases act as effective hydrogen traps, sequestering diffused hydrogen
within the material. Consequently, this mechanism mitigates hydrogen-induced degradation of material properties,
thereby enhancing the HE resistance.
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B AP M HERLIBAT N R R Ge E ER IT
fa] 21
1. KK

AU RISV« HORE 7 A0 51 F3 38 00— Rk E T BOR T, Rl BLUK IR SR = 800 (4 REEE
WD R IR BE RIS AT 2 o AT SE e s RN AR 22 BT BB ARER , Nb3Sn-I-Nb [¥) 2 /2 45 #4 i
DR T 15 BT TR R o SR A 3 f e R0 280 5 Y 04 A7 SRR, A7 RT3 5 B0 3 J i P T
B RO, O FRENEN TIRTHE ST B R E . R EEAR: D SRR SRR S
DA I il o8 0 e SR AT A A HH e T ROREM o 20 MBI 16 R TOUL A FEAR FU R B s WG AN RS I P 3
BUL, oM 1 S R AR E I B A R

C16-23 BmAXWMAER: OLKkE
JEZR A F B HE A TR N T84k
i 12, SRAEY 3, B4, RES, JuEE 23
1. M JRVE Tl K2
2. JRMSEERE
3. m L T KA
4. OPPO |~ A#sh@EEH R A H...

INTTRAEAGIR @ H RIS (s RS R R & (22t T28 5 O RS B F AEAL R . K&
1 AR AR RE TN e BEAS T2 0 (0 A1 JBE HH ROR JE 5 P2 - SiE eV o 5%, [RIINFB 51 HY 1 — AN RbA . i
NTT SRR S R R AT 47 EIE, JATRAZ ARG B 7 2RI N T R A 2R i, JF
A SR TR HON AT AT A S AR SR A FR T AR T TC AR AR AT . (HASTE R
TS BT 2R S AEERAE 77K AR I H AT BT ARA AIAS R 28 i (0 vy & i N AR AL I 5o 1X— B
ZIAA T o AL () RV T <a>IF 78 (10 2 2 19 . RATHIBE TS5 R AT REphii 1AL G0 s, BIZE fi i
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T EREL R 2 2024 5 i SRR & Clo-tiim IRBEA ST P MBHERES PR

NI 4 R AL 518 P - S FREAVE ol ) RO E ) 2 ZEMLAR] L F O BE T B SN e SR AR B3t 13T A S

C16-24 BATWRAE: OLME
AL RGBT HL32 75 Nb3Sn I R B
fERSE Y, BEAF*2
1. PEdE Tk ok

A P <22 G5 - WITE AR I T AR SSARFPE AT GPU JFATHOR, AT DO K2 i Nb3Sn 3K i i 61
FUA 5 A FEREAT T BRI . SR AN F R T RS ST S LA RRL R, JRATAIL, 5 RURAT
HLRGAF, Z A g & AR ETIL A A SR R mn R . 25 S 10 T R g R
I, BGAEE o e S ) I B AR BN, TR RS IETE . BATRIL,  F K S LR O A R AT AL
BAIRKAE L BT Rl AEMRBES 2R AE N BN bR B8 22 ST HIm SR S B s AE =itz F
I/ fER RS AN REFF S NG - R . e, RATIE BUEAR I 7T 1 N R T L R I I e £ T 3L
sz, FFPRGE T IER P N T U BER S =y Nb3Sn (1115 F HL AT L 1 T REE -

C16-25 BATHAE: DOKWE
YBCO i8S R 5 7 2 S8 F AL BT 5T
ok 1, gkEM, Gk !

1. 2R

YBCO AR e TR I SR = (e S 37 5 I 5 i, e il (e 5 (R Bt g
T3, TN T RARIE S o B R N A OB T, 2 BIRS L TR R DL AR IR R
ZRHT . A, YBCO MRHE T &, LILZ ME5H, T 19 YBCO MBHI AL SR, X YBCO
(K171 2R IAT AN T BRI o B TR 71 8 77 224U YBCO AR i 6 3 (1 0 52 AR AL
BT T VRAIRTT. SRR, A S YBCO M PR AR B3 R S AR, XL S, 27
P WERRAMRHN AR RE, N T 307 [E AR R IR R R U, RTINS, R
TR BRI IR TR R, Bedh, KA i = S BCR RO W A . FUHASEALEE, A B
I HER R I SR ARG T B BT 2 (T AR 022 e ™ A IR 2R B ORI R T AR ZE W R . X il R
M5 > DB K AR 45 44 B TC IO AR T 73 39 /N A BROK A o S W 2R 1) S ML o 7 TR A BB 1R I R v
B R R AR K B B A (R 2 B SOV R RRA , 2 E BE JRRE 5 r R AR BY DR, ik i
g5k, ACRF N IRHESE K ST B L R A0 e, SRR B A8, RN A7 AE S SRR DL A

C16-26 BARWRE: HOLHE
Jik B % R Th 2R Bk R IR 1) 4% Cr R 1 RN R IR AR SRR B
Brae ', A, TRER!
1 7RI R

Cr W)= BA N 1M & v ge LRSS I, AIAE N Ze-4 &-aaamt EisliirinE, AR0kE S Zr-4

B G ALV FIFRE R MO R AR M S N T B R0 A SR H i D) 3R kb 450t (High-power
impulse magnetron sputtering, HIPIMS)H; RTE Zr-4 & &K% T CriR)E, FHFFMKTE SETRIE S

J1ZEVERE R mR 28 VR A AL PERE R . S5 3R B, HIiPIMS il &1 CriRZ3HLL (200) HFREUH ALK, FE
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T EREL R 2 2024 5 i SRR & Clo-tiim IRBEA ST P MBHERES PR
6 kD8 (I3 KR JE SR 0, R R IZH T B, PURIRPEREREAR . TEMKTE T 45 10 Cr 382 B SR,
N O TEMRZ Y B VI, AR R A e AL, TRREE AL, BT O MY o
Zr SN TAEZERKTE T, CriR/Z85WB0E, SRR, SV RERZERZ L RBGE AR, Hi
TEMAIRZNT G BRI Cr 2k Ze KN B, SRR MLIRE Ze02 FE/ IR T Zr e id
.

C16-27 BmATWRE: OLKE
BOLE AR RIERL TINDCu A& IRV 4516 A58 B -2 b R 1 5
SO X TFE
1.8 R K

AU IR IAN I SR TR A R 1) % (KA & 0 2 P Re 22 1 2 B R A A IX I T AEH, B 28 Ti35NbxCu
T (x=0. 1. 3. 517 wt%) @ BOCH AR ARIE LSS 1. BEFT 1 8o H B 2N )
Reffrsgm . SRR, MEEEANT 3wt%, T LASEA VA E] Ti AR A Il a = i, E
PR EREK. 5 Ti35Nb 44 (76.7£0.8 GPa) L, Ti35NblCu A& MIFMEAEE (49.1£1.6 GPa) [
T 36%. 4 Cu F B 3 wt%lt, LM N AE LPBF G D0 FAKI PR /4 H15 FE vl i, &6 ol i A
() B FHEFEAR AR LR o Al Ti2Cu (B—a+Ti2Cu) Ao H1F44KZ Ti2Cu JRIVE B & A, PoA4T LA,
T B AR AR CRRIIth), PG TA4REsh, e T A& msRE . Kk, Ti35NbSCu &4 mibisisg
¥ B F N 867.3+24 MPa, JEARIAE] 11.7£0.5%. Cu HIEERIL. B IR AL SRILAT Ti2Cu YT
VESRALAZ Ti35NDSCu A& R AMREGE I FHERMEZERF .. X Cu MEREN Twol, A% %
(4.179x1015(m-2)) A HEAH Ti2Cu B LA (8.5% ) ik iy, K [ 4L A 51 i B /1 8 7 /& Ti35Nb7Cu
B e R PIETERT R E RN . Fik, LPBF #4) Ti3SNbSCu &4 MIamBrEA2IME, R\ KK
TiNbCu &4 B A 1E N PERE I SR A AR R U7 77 .

C16-28 BARXWMAR.: OLKWE
W Xt Ti-Al-Mn-Nb ¥4 )8 R & RETT SR
g 12, RRAS 2, ZNIeE2, RN, X2 2
1. ZRIbKE

2. TSI

BEERE v -TiAl &4 HAWER. W&, #un THAEEER RIS S, & MR Egm
PR R BRI AR . Nb AF A — R g () [ s b AP e & o &R, # 2 HTE TiAl &4
AR Bt b (HE 2 Nb S EEER (=4.0at.%), &P ESHTH o M, FEE SRR 5
PE, T4 Nb & &R, BFEET o R H i, (AR T&EPra s T, Ak, &
CLA—Ff Nb. Mn 2446 Ti-43A1-1.5Mn-3Nb (at.%) &4 N R, RAEHRETTE, TR T ME
W (0/0.1/0.5at.%) IHIIX G4 850 CHUAMMER M K 7 4R%EH -1 B 743 #T (EPMA-BSE) X 4t
LATH(XRD). EH EB(TEM)ZERMTFBL, 0 T W ISt & & A 4URFE, LR S AL IS M TR s
I T WG EmiRPrE R E RS 2508 =FG &3 /2% i 23 KBUB i &,
R AR BT e FE DL % . 7RI 0.5 at. %K) W ] LR ZFECEILINE, & &R RN ER
B Kp M 14.42 X 10-3(mgn/(cm2n * h)PEF] 8.09 X 10-3(mgn /(cm2n * h), FEIK T 43.9%, k¥ | TiAl &4
FR) iR A o AR SC IR AL AE RAMCE B T3 — 2R B A v -TiAL &< i E R AU AT v, B0 R i
i TIAL & & B = ZE N HNE .

11



T EREL R 2 2024 5 i SRR & Clo-tiim IRBEA ST P MBHERES PR

C16-29 BARXWMABR.: OkHE
CLAM 3R R 5 IR A ALEE A AH
HARA. TP TR, Mooi. FEWE. EE. RBER. TR
1R

BCC ZIE & AE R oilt IR BIHE G5 RRPRE,  THII il s 7 & (0w IR 26 A . MPRMERR IR 5 27 A2
PFIAT N2 AR K AIAERR, B a/2<111>H1 a<100>74 . [K2h a<100>7 3K 2 AT 56 5 (1 FELAS P 5 DA K BE K )
RrestmIE, FrDOXPIFRERGT A BN P E R CREALANIIK ) S2mi AR, R A 0 BT S AP AL B PR AE A
EHEIE R IR A . RO AN #5256 % 2 X 1.7MV S niE2s k4T 2401 2.5MeV Fe2+4& I
SEEG, FERAER TR (FIB) HilFFLAIET TEM RAE. TEM R EoR, BEERFEEFIEMN, ZBaE
FPEAE a2<111>, SRJ5 a2<111>3R 2 (AL “1117 HLHI P2 AR a<100>, PRI 0 25 B 320 T o L BV A
TEME RS, a<100>1 &7 FLIZWT T+ 5y . BEAE FE R B IR 0, a2<111>1R 30358, BT A a<100>34 /17~
A LRI, FEa<100>3% B FTFIFAE 450 CIA RIS . RSEFEmIRE T, a<l00>H%E Fi%, H
RSN IE AR a<100>. JETSCI0EE R, 2] 7 PARER | LU B IR BE AR A0 AR I, AH I A7 AE
“L” BURARIX (], 12AH B B AR R R R R B A R AN S22 AT A s et TR IMER S5

C16-30 BATWRE.: BiFHRE
MBI FHLH] I AL R TR ER 7
ForsE, EhRRAR 12, gk
1. b Talk k2
2. MR R
3. WHIL K2

MR 12 E e B S AR RS A O A5 A AL ) SR WL BTG . AR SR 2 USRI R B AR T i
FERBE AL, RHIAVERE L AR AL . BN B BT T 0 R, SRR AR BT 77 7 SE AR BOR 22 [R]
DHRRAEERTIRREL . A2 B AR (55 23 AR IR T 2T Rt ST i IR 4RI
IR FORT s U s Al PR S BB AR TN B S2 o E JR T2 T 70 22 i DA 2R i 5 <22 b
BHOASTENL]; DETCAR T, AAEAESN JIPE T BOAR L s i AR ai, R RO 2 i & IR AT BB I
AR AL SR IBVERE IR o f5c 5o 2R I3 20 A 0 BRI 52 AR g e — e 20 s ) R AL 95

C16-31 mARXHAE.: BiFHRE
FeMnCoCr RIEMH| &R EHEE
B, RO 2
1. ML=
2. IR

WEAS R <) OB R AR R SR 22 ROBERG AN A, Bt s B -VE A 5, R 2Rk
ST 2V A R BT AE ML A RL . HEMA IS S AR F AR T ARS8 = S R SR TT 1, BT Al Eeal 22
DR AR R, 3T LE S ROE R IR s 5, sSeBUVR AL A RN T 2200 . el . e IR LA
KR A AR . HAT, B HE R AR B MHEAs 9 54 FRIN B, 4T ED T 2212145447
FVEREZ AR AR L, RSS2 A AT R LA A3 PR 5T,  TRIP/TWIP HLi]
HIBEE 53X v AR RS BURRBIE D R IR R, 2 R IRBOA SR TP AR AT AR S AR AT AT P FE R
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T EREL R 2 2024 5 i SRR & Clo-tiim IRBEA ST P MBHERES PR

HREW . ALK HE ] Ge B UTRAATBOC RIRIGRFE A KA T FeMnCoCr 5% MHEAs, #5034 1 il
i T 2- A RE SR S A B E s 4578 F2. TRIP Al TWIP ML (32 B AR N REi%
TENT AR T B /2R A 22 R R 7 R 0 A8 A BB R s 0B LPBF 2 MHEAs HAS [F] di Ak 24 Y
]y AHIARTEAL], HERENZAS BT RN AE R v /e AR R B R 7 LU AR AT s IRA AR P 451
X} DED /¥ MHEAs IR R AR TEAT 52 .

C16-32 mARTWERE: BEME
E9E3) BCC/B2 &K FeNiCrMoAl £ 0442 -BmiT R
fGaE, AR Y, BRYET !
1. MR Tk

M FeE I I A AE FCC 451 (v A ) Fe44.2Ni27Cr23Mol.8A14 % &5 N T =FikfR
S0 BCC/B2 4546 (B/B " A FEASIRFTB /BT AN J12APERE LA & NaCl ¥ rH ) Ha Ak 4 J8 R e 2=
PH-FE B RE MRS . M B/ B MR, £ XA ENPMGERE LT, (R afik R, [H
It 22 PR A G2 i JE e Tcorr A Ipass <X Bl = & E MG NG . meEZER)E, B/B " FHMIEIAT]
PUKHESE =& 4 1IP0 CE-C YERE. b, B/B " AERI 0N 22.3% 1A &R I SR ML TERE, HA
H 899 MP HIPTHisREE, 36.4%MIFEMZE, Icorr N 61.8nA * cm-2, Ecorr ¥-213 mVSCE, Zil-f&it 10 /N
I 5 ) B R R S A A 4 0.234 1. BARB/B T MBI NS S A SRLIERE LT . Biai%
BARYPEE . B2, Bhh-B i i 2 B AL 2S00, B /B 1 AHEAA i B A s B AR T e
77, FICRELE A phoh B ) R AR B R BRI AR ARRI R, B $e Bt CE-C ThRE. PRtz 4h, -1k
W, Sl e TR AR RIE A

C16-33 BARTWRE: BiFHRE
R SRISEA R B & KA RE R A
fREEUE T, SRS T, IR, SRAEHET, KA !
1. HRkBE AR 72 T

SEASHERDRE ) R, S T A5 B AR (PEMD RIS, I A BB R ERISZ —. 5 (W)
BA RIS R FREM S, BN PFMs scEERMEIEMRL . 8T, S BEEARER G E . SR 4
e MG PR AN AR R PR S5 A, R o e S FIRIR I AT s e P s A k) o [ Py i FE N BIE e 5L iz
RE I T iEE & 7 B =R e, (B2, TEAUERbA b [ e S B S IR i (R 0 1k s
s AR — AN ERBRAR, X BB i TR MR iR g M S S R AR RR R, ARk S AL, DLk
BIRCKRBO RO . STk, BATRH T 2 RS IR SN, il 2t e 5 = 05 A PR A =i
A . 1o, RIEXTEAGET WOREAT DOE R IR eSS, R EPPI ARSI 8.9 nm kR4
BRI, A e 2R B 1R N TS R A2, 7R B St seal 7 RR 1) 2 RBETEE 1. 2 REE
BER, BERTEEBAT S (<1 wm), ST sk s . B8 78 =5 R I S
HyidrsmE mil 1354 MPa; 7E 100 CHF, IEfZIK 4.2%, fidisafZ4ERFfE 1300 MPa. B 15 FMRIEPE
REAh, mIRERBIEAESTE 600 C AN S ERE, AEARAIGREE ) 58 10.2%F0 843 MPa. 7Ef4
SERIARE AL b, AT AR T SN T S A TIC Bk, DAk R T AR RIS R A BRI
7E TiC Bokifl W K4k (A ## F A Nishiyama-Wassermanm UG 56 2 (K AE 006 FLH, 454 FLmikh W
JRFH C JRF R SR s A5 S, ROHIRTT T TiC BRI AR E M, A1 HAE Sl il sk v T e ORFF 4l R
b (<29 nm). BB/ TIC FRIAEET FLALES I RIS AR AR BGRICH, BE— a7 04, A 53K
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T EREL R 2 2024 5 i SRR & Clo-tiim IRBEA ST P MBHERES PR

AR RUR . BE W-TIC &&= T HPTRRE 2 1590 MPa, £ 100 CH, HihismfEHzir 1.7
GPa. M4k, FEIEE LF, #iE W-TIC 5 BA W sREs, fin, 200 CHI 300 “CHJ AT HL5H 5 7
N 1558 MPa fll 1404 MPa. 5 CRIE PR RIAREL, BA I E 0.

C16-34 BmATWERE: BIEME
Johansson £RETL HEIF 5 TZHA
LB, A
1 bR RERBARAR

FEAERBMIT S AL A 00, 0 ks FEARERAEBOR I 77 SR H a3, Horp, XU R iR 2 X 5
LRAFRALHIZ T-BLZ —, Johansson 4= AR E R ALE I MR AR BT, BA Rl E S5m0 ki
Ko MARNERLE, RSP G EENYE, "WEEEN X SLfsEE. =ReaE5mass, &
BT X FER s a5 e R, RO R T RBUE . 2R SEE, RN TESE B
FORE AR 27 Kb T R S5 22 A B RE S/ BIE TR e o A e 2419

C16-35 BmARWAR.: DOLMeEh
ETHLBEIN Fe-Cr-Ni-AUTi 2T & &R KRB AL
BRE 12, IR 2, Bgn
1. F5HSEEG =
2. EREL T R

ZuFEuH4 (Multi-Principal Element Alloys, MPEAs) 1EA—F& & WS, R 7 &a64
B TTHIBRE], R R MLRETERE. S8, BT HE RIS w20, ARG &R, W
SR AN S — 1 SRR 54, X LSEI B RS MPEAs. JTAER, HLas24 ST /8 N —FhBds ok sh i i1 7
%, EESRIISIERE T TZ N, JFAmBOT R BAN RGN MPEAs &4, AR k. AL
YErh, FRAT e FAMLAS - 1773, A Fe-Cr-Ni-AlUTi MPEAs JEIT R0 mi st MR RS04 . 6] 55 589078 T
e i AE AR AR P P RN E ) AU, St — PR BENL 75 28 M RHIE R 77, F TR RAE 758, Bbah, X2 Fhbl
A5 Y A RAE SN e R TR BT | Bohr i FE AN AE A Z T T (RS FE AT 1 VPl . e, ZHZURAEAME AR
SEREW, AI5(Fel0Cr35Ni55)95 fil A12Til(Fel0Cr35Ni55)97 Z:id 900°C/15min B K ALER 5, SZHL T sk
MIE e, Hd, AlS &40 REE LS 620.66MPa, WiZGEiR A 32.67%; AIRTil &4 E I8
5% 588.29MPa, Wi iEH %N 33.79%.

C16-36 BHARXWMAR: OLRE
CoCrFeMnNi &/ & & A RIE B h F 3 AT AR R
D, MR, B, P2, DSR2, RAK?
1. ik
2. HE R Rl A 5T R

AT o SEARHE ) 3 ERL, (B FIAL R 5 THE N HEM R g i P AR L il ARG 7
BAE S AL IR 316 AMEINE AR H % 1Bk A E SRR, 8 BB BT T T
HEMRERITEET R, BT T EWR AL IR, B BHARIR 2 MERE B me . BB Rk
& MR R £ 2N FeoAls A, 200d— € I [ AAAE B 5 7T LASE 2 F6 280 FeAl M, ANFI S A (0 B AL 72
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PARERII PR T AR, EEMMEEER 316 MEWHNZER T 7 2~3 MEH.

C16-37 BARXWARA: DLk
&R T ThIEEAL 19 B 93 T30 1 B 7L
PMEBL 1, FRIT !
1. BB R K

B SRNE DI AE IR GRS ¥ 2 18] ) 53 BO BR AT P2 SRR R 1 S5 M- TR e ORI B2 S B
M Taylor-Quinney [AF (TQC)HAT & AN #2803, Hefdior MR 73 2003 Il ik K U AN Ty 2 1) e
PR IR MR BHUASCER AL, K TQC E NIEE 0.9 Wl e FEEHR AR THE T AT T 2%
TR FBN1F TR T FCC S5 15 4 LA & BCC 454 1) B BELLE 9 B BT D) AR T TR ) FAN AR 14 A8 T
WA, R T BRT NVE RGNk, XEHE 7BV E RN I 5, It D0t
W7 HXT TQC HIFEM . AT TR IR LA B i g JR AL T AR R > AN AR BeB 1S, AN B BOR NAN R4
B, ARSI .

C16-38 BATWRE: OLMsE
I Th R AR S BN 7 - AR B AT (v R R 4
WA, gkax, Kl RER 2, FEE, !
1 R B TR, MPRHE & HrHoAR 5 s se e =
2. HE TR EEAT TR, SR AR ER A TR

TEBh = R A, i HRRE C ) (Graded Density Impactor, GDID 0] PASZEUS A4 RE A HESE 5 R 48 . SR,

il £ LR R AR IR K 5N 2255 BRI I In Bt 4 5 vtk A — B, XAEAR K —BInt1a] A PR T
B RPN EARTAED, Bt Ifdle /7 —F RA RS EE (4.5~19.3 g/lem3) Mlm gk al sitt
1) W/Ti #6FE K. W/TE BRRE R &N EZH W A Ti A%, WAEREBERAEY, FHESE
B 5 R P A AT P o SR v B 8 i 42 A0 e 56 b h 4 2 8] 1) R — Bt 4R AL 1 AR T Ak A
R A a0 =) A B A o PR DU coyil )i YA O Ecy /A P I N | Ay B E Eol N G 3 ) | = G BN
iR A W/ BEEE O 2R, RD S I 16 U A8 B ) F0 8 A% 22 (R4 . W/ BREE KU
FERIT TN g N AR T 8 m] 45 HESE RSB T AR B0 i SN AT 77 T AT BRI R 7

C16-39 BHARXWMAR: OLRE
B RN BNEEBOEE FeCoCrNiCu 5 R BH R K B 5%
FRERE 1, SEARYT
1. HRH TR

FER SR IR B T B B I RSB I . AR SR Bl n At SO AP AZ Tl g S AE A 2
R, AE R IR T R R S 451 M R 22 BR ) T IRAR A, O T AR — n) i, AHE R FH ko g
BHA, 15 E R FEN R I % H T FeCoCrNiCu. FeCoCrNiCu+TiC Fl FeCoCrNiCu+SiC =
hER A &2 AR, IERHZHINEA S FBOS HAH S 03 A LW S5 MR EREAT T 4HEHRAE
Ao, G5REFW, =MiEZEYWTEEIRRA K FCC FEAR, HAL AR SR K. Hd
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HHEM R K2 2024 B it R R K 2 Cl6-1Rm fRAL IR EE T MR RE 5170
FeCoCrNiCu 74 /2 5 2 1 #1741 3 A= KARE I FRIR i 21 FeCoCrNiCu+TiC ¥%)2 Hi IR & K i i S A
WA IS ZARBURI 4 ;. FeCoCrNiCu+SiC ¥ 2 T b B bR 7 s S b AS R T i 2L st 88 255 i 4 SR B
FeCoCrNiCu. FeCoCrNiCu+TiC. FeCoCrNiCu+SiC )2 [FHE B AH L T 2E44(218.5 + 5.8 HV) il 1
9.2%- 13.0%%1 30.8%. 4G T ZURFAE S0 AT, TR 208 BE 32T vl A R 140 dm oAk . 55— AH s A0 A ] v 5
I EVE R o FERE BEAR S0 45 S B IR, JE4AR. FeCoCrNiCu. FeCoCrNiCu+TiC F1 FeCoCrNiCu+SiC [
RSN 2.6x 10 mm3> N T m .22 x 10 mm?> N m . 1.2x 104 mm>N'm? 1 1.1 x 10* mm>N"'m™,
FHELT-3L4A, VR E R BEVERE 2 DR E T 15.4%. 53.8%F1 57.7%, )5 1B 0 BE UML) A0 55 BERL B3R |
BB ERA AL E

C16-40 BATWRAE: OLME
CoFeNi2 Fifi A & 1 BB B R M i KB HLFIB
A A RAE 2 B 2 BRI 2. RS
. ZRI TR RSFARI RN 5 TR b
2. FRUE T OKSARIRL S TRE 2 b
3. IR RRL S S TR B

WS MR BRAR S A S A% O B E S MR R AL T iR AN il 25 7 2 IR A IR BT, XA R 25 T2
REdEt TS ER . G SR MR B B B A SRR AR AR AR AR B R ARG
AR S 2 FhOURE RO, EM R SR &2, S, SRS R 1 e Re, B R AR Tk A
1. BHET, TS S G G S miR R VR R, B3R 2 PO 4 M v A R 2
REZ (AR R Z RGIT . A SCHIGEH =i & 4 (0 BE R BE 5 M R S TR U R T R TE o B0 Pt 15
THE S T CoFeNip FU# A &0 7T 1 HAL = /SR N BRI BRI R BE, 456 B IR TE SRR JE MO S5 R AL, IR
NG TR T FLAE 3 AN [F) BE 3 FE VR A8 FEEAT L) ANV B ML DA B il P R R B 5Lt . 58 R

(1) fEEEEEER SIS, A 5 NI, CoFeNiy H & 4 1 BEHE R EABEH R /> 51 0.39 F1
1.48 x 10 mm* N m™!, b CoCrNi H@ & BEEE REEAC T 30%, JF HEHREK T M ESR . fFilglh
BB, CoFeNiy HMf & &0 FTH 4544 HBL T W A5 L A8 0 2k, FLAL A 0 28 35 ) IX AR X6 T JE A S 1)
(Transverse direction) T4 . CoFeNiy & &) & B ERALHI N ERL B, EEEFE SR T oKk
JEFE P B A A BRI K B 2 R B0 ORGP 2, FERE D IR I R AR DA ] A SRy 3 A RO R V%, AT
SE A EE 5 22 5ORN R (A0 S 4

(2) fEERAE RSN T, CoFeNiy H@ & I EEHE RALM 400 °CIr) 0.43 15 %2 800 °CI# 0.61. AHELZ
T, BRI 400 °CHF A 3.51 x 105 mm?® N-' m' #4511 %] 600 °CH ) 1.32 x 104 mm® N' m*!, BEHE K
HE— B4R E F] 800 °C, BEFIZ MR FFER] 2.3% 105 mm3 N m'. %fT CoFeNi, Hfi&4x, 1E 400 °C i,
2 BE RN B4 o DX S A RS /N BB R T BOGHE R I 2, BEEE R8N 7E 800 °CHY, BIARYZEL
JE, AR BB SRR T V™ AN, R FE AR, JBE 45 R 400 B 5t KA - CoFeNio H4f & 4 1) BE 1 R b 46 I FE i1 400 °C
HME] 600 °CTIHGAM, XJ2H T 600 °C N RH 2 A4 it |2 H ) Slob RS 40K . 800 °CH BE 451 28 1) PRI 2
F T i AT B B AR 20 i B 1 AR AR s e, [ B 465 2 (O B S M A B TR BRI o

C16-41 BAZHAEE: Nk
SRR RE 221 R RN & BB MRS R H e iEAERT A
=k
LALRM L T2 58 A
R 221 JETE IR E IR R S A L BRAS BAAL R T AS 10— Fh s M R, 2 T EEBA &4, wné
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R R R 2 2024 B U AP S C16-H3 IRARFR B AR RE 51T
B54&E. 4B SRR b, EENE. ZEANER . AR AR, SR T AR
s, PP RN E A SRR B ERE, X HITRE TIRHGRLS, R, AEEIRL, B
AL ZIAE R I PIREG . IR 221 ISR 2A14 5554 SA03 HaE 4. SA06 48H 4. 45#N. ¥
BEFFAREREEAL AN 45#. 1Cr18Ni9Ti 4M. 30CrMnSiA X, TC4 £k &4 IR 1 0 BIFEN B 60°CHER Z AL AR M
60°C. 95%RH HHEAAEH, 72h FHCH A, A RMBMEAFERT, BAE R RERE 221 R
ASHIRTFE H IR T B R S o, R R RO I R, B 221 JEME BT 4S#INAS L& B 1 B
% GIB 150.11A XFiR#AkSr 221 RN EEEAEITRE 4 DA (96h) 55, 45#NE5 1™,
30CrMnSiA RIG (R E BV AR, UK 221 T IRXHX AR R B YRR, 48 R ik
221 VY REME ARR B A R /KR A 3h 25, HOW & B B RE 18 ZE . 0 BIFEIRE 80°C. 90°C+ 100°C-
110°CF X4 221 71 JE R i e A7 a5, IUAM ) 39 22, 100°C TR A 92 K S5, 4X I 43 28K 9.4%,
WA 221 T MR &8 AR 2 G R I B 5, E S 2 A A A A = AR AR Ak 4 R B TR ik vk
(P9, SE A B AR 2 S, X DN IR R (40 R B s AT R e i, PRAlRR 221
T TRENC AR L 30°C, BAZRE 95 %I, NIRAFAAN 19.6 .

C16-42 HAZWARE: Hk
BREA RGP 4 IR B0k 4R i ik B DX )
EIE. IO EHRA FEM. Mook, BaR. wEE. T
N2

PL—M 12Cr BRFR A AR ARL, 78 550°C%AF T, 737347 5.4k He 7 He/Fe. Y Fe/He
[FI Fet+He B5 T AR, DAARDTAS[RIFE IR 77 25| M ROm 2546 22 57« W2 X3 Fe & 10477 &4 50 dpa,
He & KA S appm/dpa, HZESTHIEE (TEMD WEE T 4R MG M I TORAHIE . fERFT A4 D7 Uk, Fh
N He B, He MR &R, B He AT HIFEAK, He YAV FEMKIX K. He/Fe 1) He Y1)
B R RN He 119 90%, RN Fe+He [ He YR B 2 8y He 1) 60%, Fe/He 1] He #1114k
PR SE HME N He (1) 43%. T He/Fe 5877 T He 1P R K B IR 2 oK. MFEIE 7 20
KF, He/Fe fEIE 2275 K Fe+He & HE 51 RS HHRIG A MEREIR Mk, X AT B2 RN TIVE AN He 22 221 He ¥
HOZIEF, J5 51351 Fe 2x ik He 1K K. Fe/He IR AT FetHe AHZ A K, Fe/He (1) He W% 5
BUMBRSTECR . X AT BEAR ROV ETHA Fe 48 FE 28 (A7 65 PR 6P T RE 2 5 5 v E N He 5121 He ¥R
Bt A TAE RS IR T AR5 IR 77 2 s ARMO s fe , a8 7 Uk S 3E 2 % (A .

C16-43 BRALWMABE: BiFRE
B H NbMoZr RS G SBBBGIT AT A
R, AN, MEE? RS
1. ZRAEKRE
2. U)K
3. EZSh I R B — T AT A A

I B R I 2 A ) T OBRE A B T DL R AR R T S B RE S B T R . SRR,
e N 4 E T T R A O R T R A L R R M B, A B ) B DU AR S A R ) R A
AR, AT AT LAAESEEE /R L) NbSOMo030Zr20 A4 A2, it 350 & 750°C 1) Xe B THEIE, WAL Al ¥
Do HARRBAT A RIREm, KL Al RE3E S1& S RARFRE E, FRIEIA A3 R AR IR <A K. 78 BiRdEa |,
WAt — B A T H AR I Nb 2244 —NbMoZrCrAIB &4, HEERE4mEZ A 1.1 GPa. 7
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350°CH) Xe B THERS, TLEF Xe /=4, 1 750CTF, Xe & TR KZEIN 0.04%. [N, &40
PRI R ) 3 FE AR T-40 Nb Y5 B B . A 7T BAH S 45 B0 TS Az R R 3R A Rl s F B —
PRS2 Lo

C16-44 BmATWERE: BERE
AT S O R i B AR MR T
T J5e] re] +!
1. REH T

Mt S AU — R Se 4R 5 I — MR BURORL T, B0 T 2 T — AU r Rk e 22 4L KA 44
FERUR FE TR o WRRHEE R0 — ELAS Ja b A S SRR 0L ) TR AL, e M3 S L HE BE 15 22 4218 AT
JEHSE, RAR B A RS BRI . T S SR A A T S S R A A AT RIS &
AL A, X SO A S B R G RE (TR AR AL 5 TRERR A IRAAT s UIAR G, JEHRE i AL 1
PSS 2P TR A A AR F15# BT A SO S A A AT Rt T4, HRos i SO R RS
RERE A B R RN, AT H 5G8 o SR E (0 5 V2R 7 o Db 88 5 P ) S 42 ) A 3 A AN A SR
AR R R AR AR RA TR 2 — Ve R AT, JTRE UNL U3Si2 f S AR T (a1 O Xe) A
K Cnzehn) i RAT D9 SR S B e CInsete e e SEmait 7 i) Sopr gt g .

C16-45 BATWRE: BiFHRE
R IR B EAAT R SRR FRE
BT, AR B2, iR
1. EFRHE A
2. HEREE

FERRBGE AT, B IRE KR A R E S BERE SR R . 2RI, TR s IR 2 T
VEAREL, B2 B RV AN 2 o AT 58— PRI > T3l D127 % (AIMD) 3 #r 1 Ti-Al-
N RZAMAT N ERE . TR ZEFINERR, WET AN BN R E BRI T it 1
WIS N BEJE, #2077 & 4otk (V. HE 1 SD 5t TIAIN iR )Z mil 45 e e M AT A,
KIA 4 TR IR IR A R 25 MR8, HE A St MNE R TR ZREY, TV s
FERZEMRERH R, WG TiREEMRREE. s S5 Eenr 2 BRI K R,
SEAh, BATEBTT T Cr2AIC FRJZ MR SR I L XA URPERERIAZAL, SRAT T SkBEAIERS B AR L2
HIOHLED, JFERH 722/ H A R0 % e, AT REBCGH — R B FONEE R 7 RE R RIRTE, 3417
I HLER A SIS RO R T B EN LA S A, W] SEELTE A2 X TR T & 7oA R
P T AR AR T REAR A, . L3 2] S50 Ok — 20 PR I 2 AF T A HR IR AR ROW S5 A A LI e
SeMEHT B .

C16-46 BHARXHMAR: BiFRE
FORIYE TiAl ZEE AR K kR
TR E*!
1. KPR Db #E 2 B

TiAl & &/F MR A A RL, RIS AUR. BB % T LLURE TS 2 m R s h % %2
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U H o s A bR, DL BRI ST IG A AL s, TR eI S . RS I,
TiAl G e AR FRIERE, AR RPIRRE AL, R B2 TN N5
HNHVEH, ABFTCIEM A TiAl & g 5] NBUR A A fem e, DARTHH iR ST e AL RE . AR
SR TR N H AR BRIV RS e BOR, H% H S0 0. RULH . BRACEERTURLIN TiAl R &
FrBE BEJE, FATX LRI SR TiAl 25 S APRIEEAT T H AR TR B, I et etk Re b7
TEMEFRR ST bE, AU E SR HIEAET T RGNS, IRAR
B TASFIR SRR TIAl & @RI . B FCR BUIAAS [R5 B A RORE n] AE S S AR R A A
[FIRE L AL RCR » ORI 9 TIAL & )2 PERE ISR T 1 2R P T SR i Ak S i AR TTE s AL . AT 7T
AONIRTE TiAl &R miRdT A TERER B TR KT, RN Oy T AR B iR S5 A AR R 1 2 1
2%,

C16-47 BmAXWEE: BiERE
Ti-Zr-Nb-Ta-Al R3% R MM = H G SRR S K E TG
BT gk
1. IR

C16-48 BATWRE: BiFHE
BB REIR K AR S KB EUR AT AR B R
gy
LA R A

BB REPR K AR 2 ks o] PR BB OV R R s 0T i, ESCBU T RFELREIR H AR R R
Mo BRI, KRS RGP IR R Rl TR, SR, SRR A fr . AT
TC T BB REE /K AR U RE h S AT R IR AT W R LB BOR . 5, T TEA RS REIR AT T
REEGJEMEE L, BRI, N, L R T BRI EOR, IRIERE. &
GAERBEM R e BN o SR T B BOT AOHT B i PR REMT JE Tl R AL A B3P R, DASR e sl
RE PR 7K A ) AR G B AR RN AN o ARSI TEN 3R 225, (it sl REIRUK Mg i S BRI
HRFEFR .

C16-49 BATWRE.: BiFHRE
B EIEBHIERMAT AR
I, BREEE L, AT, ML, BRGE!
1. B RENU TR

G ERA AR5 WEALEAYERE, 2 JRRAT AN AT R el A, Ty
WABS D) Rk, RS G SR =ERBIERR N, M EEIZ 72 R T se AR b S  E
M AT EAT BRI E AT AT R o AR A 23 Jo 8 L 58 PN 3 AR IR AR AR i & b AT Ab ], DASKEEL
FEdnEEMFEL. (1) EEFIEME, £ Zr RS G &R TARSIE . G/ IO AL
T8 WIGEHE o IR b AL SR AT B UL OB A A T i, LD, BET S BRI R IR
Fto FIBF, BATERILT “NIFEFANCAZBN " (2) BATHARTLAIE SR & ST TIRAEIR G, K
IS ABY D) XIS A E BT D)y DX i S AR S, RIS Uy XSO AR T st B8, T E R BT D) 2y
DA TR

C16-50 BmMARXMABH: BiFRE
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RGBS RN BB ET A SEERTREEATH R
k. D, Mk, REdE. FiRDE
1AL KA

SURTF R FN R AR, HARRISEN, — 5SS R A, S0 bRhE &
ANFEFEFERITEIR, 1] BEiE O™ BB, L2 5]k ™ B (1) SRR HE 2 4 S RN PRSI OO PR G
il R I AR E 52 I S 445 ) 38 A2 2 THI ) 46 e L R 7 VRS e T RN P B S5 40 6 1 BB 1 LR R 2 A ) DA BELAS &
KRN RBIE.

WRAH AT R T — B MHEARMRBERE . RAKRRERT 7 HE 316L AW,
CoCrMnFeNi P AlCoCrFeNi P Fh sl & @ TS EAT . X 3161 ANEEN, 350°C~650°CIm Vi
W, MBEMNME S Forcey 25 NI B A %L (Fusion Eng. Des, 2020, 152: 111469). #H4k, ik
BRI P R G S NBIERE S SCRIE E B N BT, CoCrMnFeNi MBEFR KT Zr-4 &4
AlCoCrFeNi f1 316 AN54X (Int. J. Hydrogen Energy. 2023.02.004) . X [A[#25E 1 AT 5 B K AF 720511
AEETE .

UbAh, RGERETE T P E B FFR R R MR FeCrAl & RImBE ST BT . KIMMEY
TS 300°CR, FeCrAl jiBiEZ 28 316L jBIE M) 37 1%, L4 Zr-4 jTiBE M) 95 1% . 360°CF,
FeCrAl JTiBE R LN 316L TUBIERM 25 15, L4 Zr-4 TIBERN 32 % (J. Nucl. Mater, 2022, 570:
153942).

AR T 0T ALJEBH TR 2 (i 46 T A PERE T 8 T — RAIFHR R I AL . RGHRE T FeCrAl
G e RMIERMEEH & ARO3 FHAMIRERFIAR . $&tH—Fh Fe-AVAI203 E-4 FHMIRZH %75 KR
EE TSR EA T . R €/ ALK, A1203 ¥ K AICI3 Bz aa5. 3R T 316L AN
FARRMHRE R . WHGTIF RS &2 BRIRE DRI [R5 T ESHONSE ) R S . H
AL BB T2 QBRI 650°C) fERMMH % Fe-Al 2, HHRER TAMAR. BMHEE. S
[ 55 2 A8 T2 S8 ARO3 IREHI& s, 2l & -+ URCK)E B A AR RZRE TERE
FeAl/A1203 [Hii#4%:/Z (Fusion Eng. Des, 2024, 201: 114266). % Fe-Al/A1203 BH/ii% 2 AT {# 316L AN54A
[FITIBIE R % 2~3 MR R .

C16-51 BRATHAE.: OLMdEh
IN625 & & IR EBIRE B K RART AT A
BT R, XIBHAR ', ZE4l!
1. PEdE bk

IN625 iin £ 4e T RAT REFRIPTAAe . STAVRhIERE, CARPURARR I TERE, # ZMHT RHLE
ERG . KAWL B RE T T RE RS R, — B g, KRR %
MR AR A e I 5 S O FRIE AR . e CAR . A DU R e FA 2R . it S8 IN625 &4
PAURE KGR RIAT N, IR T 6 e VRO AR A5 0347 D9 PR it P = B T ARk DA R PEAR e, e B
TG R @ ARRAE, JRRH — M Ren il & SRR AR B T2, 3T A AL A
SEHL T S AR RE A £ ) AR AL A o

C16-52 BAZTPWFRH: OKRkE
Effect of Chemical Fluctuations on the Mechanical Properties of Ti-Zr-Nb-Ta-Mo Refratory Multi-
principal Element Alloys
Weiji Lai ', Xiaojian Wang*?
1. Jinan University
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Ti-Zr-Nb-Ta-Mo refractory multi-principal element alloys (MPEAS), boasting a yield strength exceeding one

gigapascal, emerge as promising candidates for demanding structural applications. However, their limited tensile
ductility at room temperature presents a significant challenge to their processability and large-scale implementation.
This study identifies chemical fluctuations as a critical factor influencing the plasticity of these alloys. microscale
chemical fluctuations in these MPEAs during solidification, driven by miscibility gaps, manifests as dendritic
structures within grains. Closer examination reveals that the MPEAs with a pronounced thermodynamic propensity
for chemical fluctuations are also susceptible to analogous phenomena at the atomic level. The atomic chemical
fluctuations are characterized by the localized aggregation of some elements across nanometric domains. It is
observed that chemical fluctuations for these MPEAs, occurring at both microscale and atomic scale, adheres to
thermodynamic principles and can be predicted using the CALPHAD approach. The impact of chemical fluctuations
on the plasticity of MPEAs fundamentally stems from the induced heterogeneities at three distinct levels: 1)
Fluctuations in mechanical properties at the micron scale; 2) Variations in the strain field at the atomic scale; 3)
Bond polarization and bond index fluctuations at the electronic scale. Consequently, the key to designing high-
strength and high-plasticity MPEAs lies in maximizing lattice distortion while simultaneously minimizing the
adverse effects of chemical fluctuations on the alloy’s plasticity (grain boundary cohesion). This research not only
clarifies the mechanisms underpinning the ductile-to-brittle transition in high-strength Ti-Zr-Nb-Ta-Mo MPEAs but
also offers crucial guidelines for developing advanced, high-performance alloys.

C16-53 BATWRE: OLMsE
YK G FIAB LN & W-Y203-Ti [FRah i RER R
TR, PR, REEFE, XKL !
1. o R B [ 4R 4 2R A 7T B

WALV R TRARSE B rp, THIA) 25 B RS —BEES (W) APRH IRAR IR S A ot w7 %), 388 5 B2 T e v i 20/
SBETHET . mReh TR DL WS AT SRR A . R SRS A, A Rk L
GW/m2. XL B TR R M N2 2 JLZ A, SRR A R KRR,
FECRMERE . T RGNS 8. teah, W MRHEZ BlmiR g di s, H
RS BEIRN, FEEMAHGG, HEREE A Y. Fik, Aiesm W MR Riah g, mw
SRR EHU AT IR FC o A SCRFH s REBREE | i FR A5 2 1Fhedh (SPS) AR 138 K ALEE, il Tk
RAPK i (NCO. HaHs: (UFG) A4S (FG) 518 W-1wt.% Y203-1wt.% Ti (WYT) &4, 5 NC-WYT
FHEE, FG-WYT BHHESMHEFE (~119W/m-K), {HIEEEIK (~0.6GPa), 1M UFG-WYT W3t H R 1)
JIHEREAIIVG R . 1500 CIBKJ5H UFG-WYT FEii (RT) FHIPUEIREZE~2.3 GPa, NAE~11%, #F
FEH109W/m « K. 45 100 X 0.33 GW/m2 BT AT G, UFG-WYT R LR 582178 0.29
um IfEa, BRI RERPTEERE. SR, 1700 ° CIBKH FG-WYT FEf7EAY 0.22 GW/m2 I}
LT IR S RGO R R M, HLE S AR b o TR B B R I, APRIT RIS T 9E . fi NC-WYT 7E
0.22 GW/m2 # A farohhi f5, AMEHIL T I 2GR LIN %%, HBE4 APD #f—2HiNZ 0.33 GW/m2,
NC-WYT RHEEZHI T E SRR IS . XL gE TR, TRASUES — BEASARLEL RS R I P
i ERe, BRI EA SR, R FER SR IS

C16-54 BAZTPWHRH: OKREG
Research on Corrosion Mechanism and Application in the Yingzhong Block of Qaidam Basin

Junlin Liu*!
1. Oil & Gas TechnologyResearch Institute of Qinghai Oilfield Company
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The Yingzhong block in the Qaidam Basin belongs to a high-temperature, high-pressure, high-sulfur, high-

mineralization region with H2S content up to 20,000 ppm, CO2 content up to 20,000 ppm, and an average pH value
of 6.5 in the formation water. The average chloride content is 153,785.5 ppm, and the average total mineralization
is 2,987,079 ppm. Overall, the Yingzhong block wellbore produced fluid has strong corrosivity, and the corrosion
mechanism is extremely complex. The selection of oil tubing lacks scientific basis. To address these issues, we
conducted an assessment of corrosion damage and stress corrosion cracking sensitivity (SSC) of oil tubing in
H2S/CO2/high-mineralization formation water medium, an assessment of corrosion damage of oil tubing in high-
temperature fresh acid, an assessment of corrosion damage of oil tubing in high-temperature spent acid, and a full-
scale corrosion test of oil tubing in a typical H2S/CO2/high-mineralization formation water medium to study the
corrosion grade and characteristics of the tubing material under different service conditions in the Yingzhong block
and clarify the corrosion mechanism and law of oil well tubing in service environment. The experimental results
show that in the fresh acid condition, as the acidizing temperature increases gradually, the average corrosion rate of
the material increases and the corrosion worsens. In the spent acid condition, the temperature reaches 180°C, and
N80, P110, C110, and P110SS are all severe corrosion or more severe corrosion. In the simulated formation water
environment under two CO2/H2S partial pressure ratios, both H2S and CO2 promote corrosion. In the high-
temperature corrosion system, temperature and H2S synergistically promote the aggravation of corrosion. As the
temperature increased gradually, the average corrosion rate of the oil pipe material showed an increasing trend; with
the increase of PH2S, the degree of corrosion increased, and H2S played the main control role in the corrosion
system; the initial experimental assessment of the corrosion damage performance and stress corrosion cracking
sensitivity of the completion fluid was carried out using a simulated saltwater completion fluid with a density of
1.23 g/cm3 and a temperature of 180°C. P110, C110, and P110SS oil pipe materials were all severely corroded. In
the geological environment of the Yingzhong block where the water temperature is < 120°C, C110 and P110SS
oil pipe materials are recommended to be used. In the geological environment where the water temperature is 180°C,
BG2532 oil pipe material is recommended to be used. The selection standard is Vcorr < 0.81 mm/a.

C16-55 BRATHWAE.: OLMdEh
FABRA SO AT R S R A K e 3R 58 — S I R 45
FEKERC:, BBEAS. BTk, E8. Wi, EifH
1A E A A2 4 TR A B A PR ]

FKYBIA T A 5 2 T 7K e 34 F 1 o B e MR R I R S 4, B S il BT R IR JZ
FER JZ 3, ARG F T B 45 5 B M5 VA i A2 R K Je A S s B 10 = 2. AW Tttt 77— fhdk
TOCEATHAR Y CHIEEOR K P 0 S R H o B B A Ak T v, s BB TSRS 1z A e m . S+
OB 5 RANFFRY? LU0 N K JE A A ES F1 AR RE T T SIS 7T » SEIR 5 RR W fERALIYITEI A,
BURE R BE AR A AN 7K P 24 F T IR AR L SRS 35 B B A R B 2> s i K PR 20 J7 T R R 4 PR g, 2218
FIE 17~100%, A A% Gl 07 T R 2 R A THKYE A A T B RE AT LRk, AR 8N~y i
6], SR R4 il B DA B A RS B S A B T KR A F T R R G5 4 1, 0 T I (8 O me Mk K e S 1k
B, 48h HARIRERT (8] 2 DLORIEZK Y IR AR TH 1 RGPS . DRItk AR iR B R AT o v AR ) A R PR )
FE Ml K e F AR 2R A 4R R /KPR I I e e e Bk 0 (A A& AR

C16-56 BHARXWMAR: OLRSE
B TR 321 NBANTEAEI K HE— [B1 287K 5 R R T 3L A 2
ERE. BhEiter. HY
1A [ 5 R R b
FR IR (EHE R J I P (TASCC) S i B P MR B AT B R S BRI, 321 RER4W (S.S)
SN MIERDRL, YRT RIS AR L TASCC 47 9WLEE, AR (NPP) HIZAnigfT iRt 3 f%.
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PR R £ 2024 B S AR R C16-He3i IR AR FR B FAPRHE RS 5174
PR T TR, BT A . AR TTRAEBU SR, BAER iRkt Tk 5
THEIRAR A ONAE 2., R AT R HE S 45 M AL TASCC HIAT N S HLHIR 7T . A SCRA 2.5 MeV
Fe2+JFJ€ 1 321 S.S 1E 450 °C I fm M5, £t 4R MR AT 5 FE T 7R KHE (PWR) — [AIE& /KA ST
HH (112 AR R A (SSRTD R56, 4387 T 321 S.S 7EAFIFIE N IASCC BURMEAT ARl S . 7
FH, TASCC R i R =2 (1) 3G i S R 3G I, SR AR T2 TASCC W ZEMLH], L2 TASCC 1)
VERTHCLIR, fEIRES Ni-Si FRREN TASCC BA s M e 3 E R . Si BT it 2 7L 45
) SRR AT I TR B Fe-Ni 2R S A 72 H T IAE R 21 %3402 TASCC () 280 A8 1) 2 B ]y
FHI ™ B R S54RI 5 S Ni-Si e R M RELER N IER NN st 2 IASCC 7 f R I F E R A
B ou BT AR IR, 1) 2 P A R DX I 38 R R X PR e R v e i o SR A IR R Y () AR . AT AT e 4 SR
s T B TR 321 NEENIITELE TASCC ML, N9 4R IASCC MLt g flt T EESH%
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