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A03-22 BiFwmE
AR ARSI F B a8t i K
EROIAK, R VA0 AR M AR L R
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F1<800°C, 1.0x10%° n/m* (E,> 1 MeV)”. 3T RGN T R ERAE, 18R T &8 85 758 BT Bk - 4
ARG, PR T 4R a5 M B U s (RLRT . & MEAERNLE], TESE T @A u ek
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CROMLZERE) . HLRBEREE . BRI . b5 Ae e M SR AT A SE) BIsem . S TR (k) 7E4R
B ZIHFER . SR AL AL AR ROBE RO THI ) 553 TREAR S, SRS AR A L E S . L5
Bk GRR-EERGE . WRANESS) 5Tk (BrH-RENE . ASIRIRVESE) T2l % mBRe Bk Ok
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PR A AT b R AR RS, EAE RS A 1) £ D T 2 B 24

AT TG A% O RFAMERAE T W RO RE B ROk I RE S 4, AR aEkEE S
RN SR . SR T SR S B L T FUB O E R S . kA, Wl 7R 2 R
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SR 2 R R A, SR maii LG SRR, S5 608 i 7 BB R o 8 i
ARERERERARILBOR, BHIT AL R SRR SURAIE . 385 % R s B R T 55 5 KO ) 7
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LLZRERIETE, RGMA T NIESEY ST BB J R 15300547 s ma Jis
EROW R I, EBSD F1 ECCI BXHRAEUESE, N1 AT H 1 a-Zr BEAREURRHE N ¢ fhS5HK
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Gt S BTt DUR R 2R TOU R MAT AT, ST IRRH MR e 5 2 4tk . RSO 41 T 4
BEEAAT NN AL TR AT TR IR 7T HE N R AT R R AT T BRI F
RETT VLT 7 AZIRRME BRI T, SEBL 73T Al B SRR RE m Rl s TP 1 & A XAy
HREFHT 2 MHEG ML T .

JEEARK, Al SIZERL AR SR A Bl A SEINRN . fEREZ T, $SRTHEIIA v] ket . B
R ANHI R 1 DA R Jd P T A% U BRAE AR 1) 2 ST BOR, RO Bkl S s it 707 171 o A2 N Z 1
2 REZ VRGO FOmE . IIMEA 54 Bttt . AP RHRA VR IE PN R AR R by s, DA SR g
WESESERT G HIFTAR,  Re ARRHES) 2 GURIUT RN R AR . BATAE, AN LR REMITRE
TR REAS NAZARL KPR B33 A ST I A BT B A

A03-36 BiFWmE
HESRBTIEEE EN B 32 AR AR
>, e
AR IE R

e H TR K A A SN HE P e IR SF A I EL AR, BT SRS R AT
A BT RHE AT R At . FRIR A i A K G A S AT DA < (1 Se A8 it vl (A 5 4
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FEASTEASS LRI 72, (E TR AR S2 6 AR mr . #ER G, BB s I0 BdE sk I, LA A FF Sk L R
T RERRLBEIEA RO FH. Wik, GEEZh. HERUCEE S 248 STk A B0 S256 (5 B R EdE R 0 2
W LU s & SR R TR 7.

W R TR A T B 1 I T e 2 B A AR K SR AR AR B Y5 30 P 020 o« B RAE AT B35 SOk 4R T 38
-SCRYARHT -7 BIR T RS BB H A RE AR . X PDF 4% UK SCERIEAT SCA A LA ok
= EBREU, FRATMEH DeepSeek 255 KiE S5/ (Large Language Model, LLM) HE AR, HUAR
THEEERFRAFE N Rk AL R T RS, DA% R EL . RS 8. X TFIR LLM X
SCHR R AR SIS I U B SR Y AR IR AN BRI DL, FRANZRE N E RO BRI S 4t
THEHALSE VAR LLaVA 55 288 KRR 7%, 4 8 R NEEFT YOLO Syt Bl KI5 B R SRR
HEMR S AT N TR IR GRS LLaVA SRR HIAAG B, ZEATROREARINZR, R A4E T Uk, iR
S HE R P B 3 R 2 B R SR AR R IR AR TR

TERERFZIRIRNT, KA R U TR S B R AR AT B 7890 456 A e BUIE R A A IREGE I 5 &
SARBRAS TR T . FRA K B G 2 HRAR T A DG I L b b URI RO AR Y A SRR I BR ], ekt S T 2
FE 540 B0 3 FH 5 N MCP (Model Context Protocol, MCP) £ fgtk. LLANEFKRAE S LLM
X R A BT A A 2R T, BRI S HOE AT I A A, SRR S T
FAEAR BRI, [EII A H H0CHE 128 1 S i B R e R A B AT B AR T

%5 O S R TR AR T KO e VR B Rl N B Be AR FIAZ WD RIATE A1, B B ShAR R A AR S
RS ETIe A T R . ARG EHET N, RS S AR NS HAWVZA R 5T, B HLi
GHPIAAEEIRE, R 7S P A AR DL AR AR TS IR 2SN I S HE 4 Ak
(R385 ) BT FAZ L IR s 4E SR I S 25

A03-37 BiFWmE
HEZEMEFE. ANBERE. SERBESTEAR
ARG x . ARRCBE. HAEN
o TAR B U AR P EE 5 A A 5 P

S Bt E AR R RN R SR TR SR E AR RE T R R, )4 1 S S HE R Y] 22 4
BT H R ZIRTE AERITTRIVERIITEOREE, B BOWZ I BHES AR . R
AL AR A W R RO S O B AT A 7848 o T BB AR NI T A RIEMR AT 4R A T 5
AAMEZEWNF B ARMA. RUTa AR REWR/NERL, AR 6. =480,
F RS R A5 SRS E B2 M U e Pk

WS RGN LA TR R RS RE . 2 Z a0 e iR A 24T AR T ik. M
REAREIL T NIERE R T (AL 20 G POREEE = E A . WOR S RIS I 2 RUEERL ,
PLE s R A TC R A . AR 0224 DRI /1S5 2 2. ISR e RE ) il
PRI R, I MR EARLE A BT RS AT B TR R S, OATERN T A A% BE AR 5%
MRHS S EAH AR SR T B B Se 0 SR

A03-38 Nk
B R NHEAD R R BRI R
FHE EBRI. IR
o R} 2 e L R R ER AT T P

S SIHER R AR WSRAFAE TR ™ B e RN 2 A, RSB e o S 2 T ok s 7 R 245 )
ML (N @il R 5e), SBORATRE N, MRS R TH TR e S H Al o
A EREY), SRR B B TR AT I . R BTN B IR e, (BRI RE
TINS5 IS HE HH AR PR FRD B8 et S SR 2, R L 7 8 T A R ) 5
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MEREHR RS i AR 7 V2 B mlR K - & TR R RIS, S T ek U m R A s e R & . I
i K- B TR B AR B s R m R R PRAR R 0.02 pg/g), HrTHEREJI58E. PR (4
SR, T 55 FEADRHRL B2 AR R 56 77 % ASTM C809 J% C791 F5 iEVE N R E AL AR L BRALHH L A%
FALERATRAL I S AR R A B IR T . (2 ERbRUE b I RIR 5 TS R S Bk £ .

S 228 43 EE R ARG U A SR T B 0N BEE 1T pH A L2 F (R A7 AE L 25 R0 e AR i |3 o 1K pH(<5.0)
FUT, 'S FE4G4EMHF, ifE Fikd, SEONEEEEmMIG & pH (5800 %M T, OH 5 HKK)
LaFs i ik 42 e % (LaFs+ 30H™ — La(OH)s+ 3F), B4t F-, SENEEE R . AT T/ES, AR
G T pH AR SR K AR R A S AL S S HER L R A A s, s R R OK A T
RN I B IR NOERARSEL, S 1A% S B HEAD L ih s 2 A £ P S B A 2

A03-39 [Nk
W2 R M [ A AR B B R AR AL R 5P AR EER T
deax . BEMER. BITEOR. FHR. XIMUE. DR
RPN

b A TR AR e RFEE R R, 1 U AR Ak S 0t ke o P08 v TSR A 470 ) 8 T A A E T b AR AR
&R g s e ERRR P KIR ke, S22 EBREE N 72 080 . A4S DL A AR SR AR AE 1) U
KA PHERTEBERFAN G, ETAFRSBUZERENE, KEWAFRR PR RZEHNADN T, fs T
ANFB 44 Cal0-xLax(PO4)6-x(SiO4)xF2 (x=1. 2 1 6) NASFB4F2EHM + Ca9REE(PO4)5(Si04)F2
(REE=Nd. Sm. Tb. Er F1 Lu) PHFMA R PIHBER A« S8 )5 15 Bk #5532 5 i B O L £ 4 e e it 11
PUEVHN RS, RGRMEFEMENFRE FER THEBIERIT R, R8T IAIERERE T FMRS
PSR, N Z 5 T BT R T HeE SE R N FER 3, BIF T 45 SO0 e JSOR% SR A ) e [ A A ) R
n MR 7E A A48 S8 . RN R @S RENEE NS IE A RSB T /N E 2T
Wiz Akl iE AR FAH AR B T I FE b o

A03-40 [N
KRR S5 HEAH GH3617 S AR KRBT A
B>
o R o e S BT AT i

GH3617 £ 4 TR ey il S VA H v ] FA 2 480 25 fo B B e A k), JLZH SR 2 M e I B A e 1
X R A HE G A i SRR At B B E L. GH3617 & A A R mitiE— (B), &
GyRAE LRI, MAECRNE S EHEN T, GH3617 A&fE KRG FfE P A g faett L
FYERE R IRIT AR TR 2 S <A HE 40 FFITH A SRR AR R ER SR BT, A TAESI
PG B A1 B GH3617 &< A FEAT &R, i@ AFIEEE (750°C~1000°C) R (A1 10000 h) K%
S 38U R AR T REXT L, #RIT T B Xt GH3617 &4 i #via et L L MERE IB LRI 5o . &5 R, Bl
I RUCHN (] ZE 4, A5 B FITG B GH3617 £ 4 114 2 il 5 B AR AU 35 AN K, 158 BH A BRI R0 45 4 28 T 0 P 5 M 4 55 5
ETE il A HE R BRBLR . (950°C) 1, G 40 5 B I B B 280 [) A 1 22 AL LR S DR R B S 218
B AR ARFAIE o A AR RO & S = M 950°C RSB M s M B R, BRI Se DR T B S5 2218 T B (1)
FHIE. X F B G S KA BOIFE T RS F T H SR . 7E 750°C~1000°CH 0t #2H1, GH3617 &4
R T R BRI IR, BRI A TR R, TR RGE SRR, B BUE A& E K A
BIUS TR . 0 EEAS FR I A i B 2R B, 750°C~1000°CHT %% GH3617 &4 aiL £ A
M23C6 HitiAtdy, &N MC Al M6C BBtk bah, BERRGRET S, SRR, X
PERE S0 I o
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A03-41 Nk
PV RE - T35 5 A T RE AT R SR BR AL IR 1 2 R Bk BB AR IR T
R PR A B Ek
1. AR Tk K2
2. R
3. TR

ERFREEAL 22 AR  MUBRHRSE s SR AT [ A3 5 60 2 07 R M B IR SO B R 2 —, E A 3 A
I, TREAEBRIR A 228 B A2 (B BB AR IR X A 38 7 DA iRy i B 28 o FH T I 2 vy EL SRR 5k
P, PR T AR SRR A . TE AT R A Ph SRIE TR, 2RI 4
Li2PbO3 £ % Li8PbO6 M &My FE 7. FIH Pb %t BAS M FERE /7, &% Li 5 1 RBAEEE AT H2 5
TRITER . SR, SR Li-Pb-O AHHIKE SRS (<800°C), i LLIEE H aif [ A2 Wit AR BLREE (4
880°C) ER, AETAENMIMGET. AFFFRIRIFIA Pb 5 Ti fEALS s Ergsaeitt, IS,
F Po HUARHS A Ti AE O R T, 2% REER R R I SR AL A9, R AT LIGE ik 5 SR -3 34 o 34 T K 58
PEFEIMEEER, T LU KPR FE AR B Li2TiO3 MPRME R WL BE M B8 . 7R UL SEAE R SRR RIS T
MNCP KT BARAEHTERFR B K 70 3R 2 ORI TG B 26, I R Gutth B 5 1208 B4 39 BB AR ) LRI 2B i B
FzEVERE o

B, KA MCNPAC THHEANF T REE . Pb & &L 6L £ 5 FVERRRE M I a2, THE g Rk
BT E B Ph ST m MRS, W LLERAERTHAE T FEaeX (BRE KT 7.4Mev) AR
RGBT RE, 02 AR YT X AT AR R AR G I KRR B 5 B e B T B i e iR, R A i -t fke v
1) 5 AR R M R AR, L X TR R AL 20 M BN 750°C K845 1L 15 , Bk TR B ) W b A 110) % 0 e e
FHZH AR E  Pb FUEAF(E T Li2PhO3 AHH, Ti F2sEA74E T Li2TiO3 #HH . Jl it XANA] P & S H R IR B M
BRHRRAT — RPVRIER I, KA RES 2 IR BE /R LE o 1:2 R Li2TiO3 2Li2Pb03 L&, 4RI Ti LIE
ETETERAEAE, 2411 Pb UL Li2PbO3 HAMAFAE. BhAk, FET Rl & nkk, SRR TERIER] & TR
PR M e/ INER, S ER A HEAT BB SR R AT XRD 40 M g /NER IR e 506 . 900°C I fi & o 7E
900°C-2h HIRRLE T, F&/ NERIE AR/ T 1.6mm, FLBRZ/NT 25%, BEREEAHTA IR Tr, 35 HAE Pb
T x=0.40 I}, Li2Pb0.4Ti0.603 Wi % /NER IR AR B fir e K, 3531 25.33 N, = T [RIFE &A1 1 il % Li2TiO3
INER. Bea, 1F H AR R S X i) 46 1R i 280/ INER T o P RS SOL P i S 08, S5 SRR Pb SN
DA 2850 o AR A R R TR P i T

A03-42 Nk
fe A 4 e et P B PR R O R B AT B B R AT A 0 B R S 4R UL
GISICE N

TR

i DR YRR AT L A% 0 52 RO AR BB AT K (LB, A% 3R (RF) SR &hiE )5 # (SRB)fE H
SRR TREIA G TR 220 347, (B LA AL O A P (A ELAE RILEI AN IR . W70 L, RF 951N R &R
% 7 AED B (MEC) R G LT A3 LB (PGB 60%), JFi&rm 1Al IR, 531 89.8%, WL
T AN RF RSt RF @ el i FAL A am YIRS R, A RdesE 7 UV VI s [ 5E .«
BEAh, RE PR IEARAE 1 FAT 5K B -FAR b e /) A @ HUPERr I (A b B g s D s 48,
RN RS E 15 RE R A AEALIE JEAR OC B O AR R ) 3R . ISR BRI RF /D8 il 13U RENS (B35
o BB K AL S, BRI RE SRB X UGVIRIIEIEAE, T8 R RIS i FE W . Wi FEie R0,
FEAHIPNER, SRB B AR ERIE AT HL 135 A o R4 R 25 5 v T R BRACR . B RE RSN, &
VIR SR ARAG N5, RFIKEEDY 200 mg/L IF, AWERISHUIARBON I &L . BBAh, BEE RF WKREE R
N, R R B 1R T, RF-200 RGN LR AR A B i (89.8%) . X EMIHEIE I b, Wt
FRW] RF B el 1M R AL A Vs 58, eI E 0, REEE L TGN, Bkt
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PR I F R 2 S, R W] RE RN feat 1 R AR s AR e ) A i E 2R . 1T 16S rRNA JE[X]
M MTYRERE I 734, WFFERMIEAF R RE IREERBIRA T, AR R RR T B AR TIRE
WOR T A2 T A IR . Rlt, WFFi#oR 1 RF A SRB 7E MEC i[RI - ROBLE], $24t 704
HAEYIRI R, B EE NI EIE ), JUHAE R UK AR B AR B R RGN A AT

A03-43 [k
B L CDM BBHE O /1 £ R AL
F. g, FUl. TR
HH B % 3 Tk A s B

Wi B B R BT B RRE (CDMD PR B A ALl (1 [ A7 22 4 1 T A A% A SOl PR F 9 8 ST OV S 2Rk
1 SIC JAA DA K BRI 1) = 544 55 1) [ 0 78 J0kr C TRISOD A ER A i, B 418 Bt ) 4 1k REAFAEXT CDM
PRBL BT 5 HE AR AT N TION LA B  . Ak, ASCUAERAZ L, CDM BRELNEF AN R, 2T HIR
IEREFL T SIC ¥RE DA SIC SR R mIPE, Ja e Ft i X3 B ks 2 AR MR AE T bk 5 2 24,
T8 R IR ST X R AR L1 i AR REAE, 456 BRICTHE N TR AR B 3T T X b . 455K B: SiC
SR TR A 3.96MPa m1/2, 11 SiC i /= FIWr R PIPEE v 2.10MPa m1/2, kAT WL CVD J7iZHil 4%
(1) SIC BATE KHIMitE; OPyC/SIC K& Ad i X 35 P 5k 4% B 3 LA B2 A KSR R 18 3, REE+0.4
GPa #-0.2 GPa . [i], SiC HEAk L6078 BUkr Fi 1w U 2 77 K P AEAE B BB R84k, BLAE SiC X3 LA L
JIRE, G T4ERHRRIER I THORES SRR S JEARPME K, AR TR LR JTTRITH SN
B T EUR R %S5 R ANECE TR Z N SIC AR ST X 3R ) SR EAAPE R AT A IR U IS5 A
XU & T 2R —E i 32

A03-44 XM
RPV AR A0 T R
X ke, ZEE K. SHOGE EEP Rl . SR
TN T T e PR A

WL RE R 22 4 R R A2 AR RER In) A ) L B . IRONIMETR J)5 88 (RPV) SR A% HL sl ik — AN m] B 46 (1) 43
AR, RSP AZ SR SR EMAE FRRER AT, KT TRERE S8 RPV 1R
I, DGk WA B RS, B4R RPV AREE IS4 T I IRAEAT A R mT S T HE A 2 (R A 2 4 ) R 22
Z&4 . 1E RPV BlM SIS M R 345 771, JFRe 1 B 7= AB08-3 44 J it 1 16MNDS 4W i1 - Fe e s i, FIH IE
HL 7R (PAS). IBHFHLEE (TEMD. =45 P45 (APT) RIGK ERZH AR 4E IR G RPV 414 f B
W4 J2 J14PERE AT RGRFT . G55SR BW], 77 AB08-3 M1 IRARIE N A BB A E AL, SRR T
e AR AR BRI S Mn-Ni-Si J5E T FIEAE R BLE] #8250 F4R R 1.62dpa N 16MND5 4N+ G AHHT H
PR HLE s A B S AR PR RE U OCECT A2 TR PMIE-2020. PMIE-XGboost it 772, 5
E AR REA L, TS SR AHERI S 5, JF R MBN. TEP. PAS. IF S5t ERRMEA; o E
RPV W& 148 BB G 2 R A B FE PR K 2N 475°C R 150h. 78 RPV HEIR E A RHE B8 45 1 7¢ 7 T
FHRET 308L AR EA. TR LR seEs, FIHER e (SEMD. EFHE (TEMD. =45
TIREE (CAPT) FIARAL il 28 X S5 HE A 432 A -4 R - JoF DR & PR 58 A ) Aol 8 W) v A % JE el P BB R AT R
Gtot. SREY, REHFE 3081 NHEWHELRAA K AETIR M G i, B/ I A A Ak
M23C6 ZLAIRIAL , 175 5 Cr 340X o 8 HE OBk 22 A4 AH (1 TR 73 AT AE VT S 8 R0, A £ 10-5dpa—s-1;
FEIR I G AR, (27 Ni-Si BRI 5K A2, SRR LR ZFH /A X PR vl &R 215
AR, AEAAPRLE i REdE— 20 T % b SR EEH < SEELE AR IR (PB) &% Cr
ooz mir, $hn 7 ERE SCC RIS «
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A03-45 iR
BRAEREMREME R R S Z A
FRME*. EF4R . #K % FR 3. 3k 3. & k. Cameron Tracy’. Rodney Ewing®

1 dbntRe

2. PERLE BT AR

3. T EBHERLLFH &R T
4. FVIHRY:
5. HriHAE KA

FEAR NS AT T, B A RS R M R 2 D 2 AR RS . fltn, MAX ARF RHERE I
TERS 2 WAIAR KIS T3 G K e A R RIS [ y A, RETE R0 ALTT (fee) 45K, TER7r MAX AR A
PEARR L. eI, BRGNS A KD AP R R AR IR N th 2 B AR SR E R A A5, R AE
IR E N MR ELR . 2501k, REZHOH R T ZOGEM RIS R, (HIX A 2 BL4
TR AE AR T ARAE S AR B AT O . RIS, IS 3 2R I o R AR R S5 A e A A b AR R T B = ¢
AT AW S & AL TSR . B TR (TEM) SEEZRER (DFT) 15, R4
7R T — &5 MAX 15 R 245 A R A AL A2 . SRR, FRIRIAR Cr MAX ARFER R Y y
S A BRI s A 258D SIS RE BE SR e, 2 R I A AR SR RN RN 3R o AT FE 9 B
SOREE R W BT RHER SR AN (1 2 AL DL EOZ SRR AR I PR e LA iR B 7RI A .

A03-46 BiIFWHE
CrifE Zr & ZrCrHEB FRER THEWRT 5EEE
N RN TR TN
PN

P A IREL AR IR HE R, 4% (Cr) 2SS (Zr) B4R E Ry TR N FH 1 5 Z T
FiIiml. SR, TER SRR IRIASE S, Cr/zr S i) 48 M A4 ZeCraAH 1) 25 F R e P S Hox) AT 7
AT IR B MR BT . A FUEE RG SR, W8T Cr-Zr I EUS T ZrCroAifE Fer B AR EA T
(R TRORRL 5 A e A A B FL S T AR A R R IR, SRVl Cr IR Z 85 & G B FR T m] SEPESE AL R S04

I 2l Cr ST Zry-4 &4, 4 1050T HA2Y B4 48 /N il &8 S: ZiCe St 2 (5
23 8 um) I Cr-Zr 7 HUfl . KRR milER 3 E (High Fluence Irradiation Facility, the University of
Tokyo) #E47 300°C 451F R 2.8 MeV Fe2 & T-4aI8, FIEFEE R E ] 0.1, 1 FI 5 dpa. HiLi& 5 BT 8
Bt (TEM) RAEGR R X IR S5 T8, R 90K R IR H AR 8 &40 A 3 T & AH X 1) 77 2 1t B AR AL

WIS R L. (1) 1£ 0.1 dpa FIMEFIELEIR T, ZrCrtl AR S AL, R AEIBAEL (RgiRE
PETHZ) 8%); (2) L EIEZE 1dpa i, HGUEMH X HBLE AR L FEAr, HE UK 5E B 20 300 nm [ &
B-AEmATIE X, GBI E kA A EBRE A 0.7 dpa; (3) 5 dpa w7 E4E B FEEER XY
JEZ 1.8 pum PR, I X B8 BE 4k AE 80 nm, K BHAR AR AR 1 AR AR LM R AR AR o D12 BRI R R, ZiCr
AF B4 5 i o7 S S R AR . 0.1 dpa HPREFEIA 12.4 GPa, 1 dpa B 4ERF 12.0 GPa, 1fij 5 dpa &=
10.8 GPa ([%MEZ) 13%). XL ARIL, Crig)25 zr BARMEF &I INFraemdiit, 75 1dpa 5 THmm (s
HAME 535108 17%H1 9%)

22 Rk, AW TR T Cr-Zr LI 4@ B AW ZeCro e HE B S0 TR B 5 R T8 1 I8 A2 R JHC A 8 i 57
fE, BRI T ARG AR E A . X LRIV CriR)E Zr &S AEHE NI i 45 M Fe e A 7
TSR ER M 72K, A BT S AR E SR AR 7 1 S DA ¥ it
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A03-47 BiFW G

BETREEZSE BT REHE S KR 05 308 & N
XIME*. FRORE . XK. WM RIERE
IR R

FEBEECT MeV % GeV e B 3 1 BB ] DLECHT B IR MI A B BN, SR IR BORE . AZ A Y 4540
BT R ORI RAR M X2, BT B R TR AL AR S B A, BN RETE
5 R E L AR AT SUS IE IR S . AR T R I SR AR RO, VAR R TR R () A
RE B9 - B i L RS E S S A 45 0 RS, A A o S0 R AE () AR AR I R AR 4T3, 534
W R TSR AR IR RE BTN R AR SS , JTERDN E RE BT E I T REMV S B TR EE DS E
o, VAN FR AR G 1 SR T RE BRI, JR4E T 2R R T AN AR RS A R T IR, BE2
BRAR T 5 T REAE HT AR 05 T L SO0 R . () BF XA & 7 4m IR AZ BE B85 S I B o 43
1735 1o AE 125 R PR RE 055 3 10 e i 7 Y SR AT P ATLAG) 2 1) PR 2 R0, A T A e e A R S 6 5 R o
B, IRHAARE (D RS, R ae LR B AT, KRR R SRR B — R S R
SETH LT BEBE A N (0 R M5 P, AR AR IR, e K O O B 3 (AR s (2) SE5
RONL, BT REAVRLARINS , i PRI iy L R 59, R dsk 1) e A AR B A A 310 A AR S5 A2 0 452 1 »
SR, BRI IR R R AR K S, R FRR. MR DA E R R RIS F 2 E X S
K R E B L5 T I D A S SR A S DL O A, i o T B AR TR B 4R R s 2 fr
R DA v RE 8 1 MR B A2 45 5 0 il AE AL L 22 RE e At () L S5 PR RE A AL 25 2R

A03-48 HiEWR &
B TER T R RS S R B IR AR i Ak 3% L
il #;F. Bk
bR T oK

MEIE B O A SRS R TR, T I8 N et e S HE v R IRA A (R Bk AR, (B LT HE A Bk
AN, AR FEE S VTaTi & LR BB S & S A5 5 T IR T oW S 7R 1 AT N BB ARHE .
FER TR B AR RN, MEE S & & PR AL A b a4 8 RT T/, SREEFR TG fEmimsm e T,
e A TR R B R K VTaTi PSR IR AT A 28 R UL 518 BCC 45# 4@ e i L2 57
EZIR T U<100>8 83, H<100>07 65 P0 & b A B =i B, i Nb JT 25 1 VNbTaTi &4 L
FMHE VO REA S PIEAFE AT N IR R IM<100>35 . FLA 5 K fl A% ey A8 5 53 1) J=) S Ak 4 1 RF A0E (1)
HNbZITi &4 fEAH [RIFE FR A AF T B VTaTi A S sm i3l shia B SR E IR T, (5 E MR, 4E9
KIEIR WAE RS O R R IR AR SE ORI AR, AT —0 R, AHEC T 4
J&, MEIE G e RS AR EETEAR, ERRR AL CRIERR R TR A T SR A
VB s 7EAR AR 37 T, 4 RS IR48 VAN VTaTi S 7 R 4 i 35 B T A8 T8 R A I B e B H AN R T 2K
4l Vo A T S v AE AR T s VAT ik R AR AR AR B = A KB A i .

A03-49 EiFiRE
BREE RN S SRR N SHE
¥4 Je*t. Sho Kano®. Yoshitaka Matsukawa®. Hiroaki Abe”
I 5 NS
2. National Institutes for Quantum Science and Technology
3. Kumamoto University
4. The University of Tokyo

B GS eth THABUESE Zry & & E U0 IR Pk BE T BV oy miVE R RHR SE MR 2 BT
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BAKRNHE. SR, S MHEIZAT RS K TR S il e I AN S IR A B P 85, HH LR K et
IR, EHARAPERE™ BB . B, PP LT SO R e e & SRR I T i PEREIR AL BLR 5L
O v S S HE ) 2 4 S BB AT R B o AHIFE i el ) 25 A R BE 2 B 0 B e — oo A
5 RS, BT T E T AR R R . R, M Rt E A TR IR S e SIS
MM, B TR sels S amib Be, IR TR IR e CL e R s i s db R B i dh, e
B R B B BT IR 5 B T HR IR SLIG, SRA SRR TR A PK IR BORE BRAL T & Pe 9K ]
e M FLAR AL R b B PP T E RO K BRI SR R B SR RAR ], He 28— AN s L &
HoN~0.8, RARSRMMEAICR, HUGERM7 AR A, Hontk 2409~0.3-0.5, X1 E B K BI%E
SRACRCR 55, W SHE AR R ACR AT 8. B985 A th A S B AR BIR ML 22 sk, (H
SRACRCR AR R B 207, X BRI T3 i A B AT SRR AN R ) Sl A 454, M0 40K 7 i AT i
P € B ARG A o AT FUIRR 1 B HE & S A RO AL R BEALLER, BT 5T 45 R R B A2 R L 5E 4
BHERR IR T o0 MPERERILSEAL 7 BRI

A03-50 BiFwE
F/M $RF1 ODS-F/M 4R ZE 148 FR fE AL LB 72
SEx, WEE, EA, #IRT, 1%
W E R RR R BB B R B, e BE AR, 230027
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Mechanical metamaterials refer to a class of composite materials with artificially designed architectures
and exhibit extraordinary mechanical properties that traditional materials do not have. Among them, energy
absorption mechanical metamaterials can absorb mechanical energy more efficiently, which requires the material
itself to have both high strength and high strain capacity. But in general, there is a trade-off between strength and
strain capacity and these two are hardly obtained simultaneously.

In this presentation, we will report a new type of nanobeam lattice which is in quasi-body-centered cubic
(quasi-BCC) architecture. Such nanolattices with beam diameters as thin as 34 nm were successfully fabricated by
ion track technology, using gold and copper as model materials. The mechanical tests show that, even at a relative
density lower than 0.5, the compressive yield strengths of the gold and copper quasi-BCC nanobeam lattices
exceed their bulk counterparts. Surprisingly, their energy absorption capacities surpass all previously reported
micro/nano-lattices. Based on theoretical analysis and simulations, we disclose that such extraordinary properties
are ascribed to the synergy of size effect, geometrical architecture, and intrinsic properties of gold and copper. We
then used such metamaterials as the anode of lithium-ion batteries. Benefitting from excellent mechanical
robustness, high porosity, and low tortuosity of pores, the nanobeam lattice serves well as the "host" of lithium
metal anode and the cycle life of anode is therefore significantly improved.

Our work may provide a new idea for extending ion track technology to emerging multidisciplinary
fields of interest.

Reference:

[1] H. Cheng, X. Zhu, X. Cheng, P. Cai, J. Liu, H. Yao, L. Zhang, and J. Duan, Nature Communications 14
(2023)1243.

[2] X. Zhu, H. Cheng, S. Lyu, J. Huang, J. Gu, Y. Guo, Y. Peng, J. Liu, C. Wang, J. Duan, S. Yang, Advanced
Energy Materials 13(2023)2300129.
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The recent developments in multiscale computer modeling to simulate the behavior of materials in extreme
environments will be reviewed. This includes ab initio calculations, self-consistent accelerated molecular
dynamics, rate-based long-time dynamics, advanced kinetic Monte Carlo methods, and phase field modeling.
Additionally, the state-of-the-art computational approaches for studying microstructural evolution in nuclear
materials will be addressed. The review will also demonstrate how these approaches can be applied to study
structural materials in fusion environments.

In future fusion reactor applications, prime candidate materials such as ferritic/martensitic steels will be
exposed to high-energy neutrons, leading to helium and hydrogen generation due to transmutation reactions. The
formation of He is of particular concern because it has negligible solubility in metals and is strongly trapped by
lattice defects with excess free volume, such as vacancies, dislocations, grain boundaries (GBs), and
particle-matrix interfaces. Helium can cause hardening, increases in the ductile-to-brittle transition temperature,
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and swelling as a result of the nucleation and growth of He bubbles. Recent progress in simulating He behavior
and microstructural evolution in a-Fe will be discussed, and some interesting results will be highlighted. The
synergistic effect of helium and hydrogen also plays a crucial role in microstructural evolution under radiation
damage in fusion reactor conditions. This presentation will cover recent advancements in computer simulations on
the synergistic effects of hydrogen on He bubble and cavity formation, including the influence of the strain/stress
field, He/V ratio, migration energy, bubble size, and helium density. Future studies aimed at bridging the gap
between experiments and computer simulations will be discussed and elucidated.
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B a e TGRS, TR ERE LS SRR R, I AR TR S
S TTAEHE A RN, SRS A KM v AR R SRR T SRR A A S EAE I, iR
M7 ERE S A . AR, T AP, BA A R R R A A R 5 A
ASTHAR S Sy E R R, A TR DV o AT AU TR A A S OM R 4T 280 T 18 R AR AR f A
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R, 456 ECCl. TEM SEHIARRAERE A ME R TR MM AR A A H AT, B R AL [F2D 4R
e X STERATYS, TR AR R AN [ S T R R A T B B () B A AN, R A B IR A R IS
3. BUHARAT ARERNEE. BH LIRS R

(1) RS BRRAS A SR 7 I 1R AR5E E (=20 MPa) | Bt Hi 58 5 (~15 MPa), ZE{H1# (~5%).
EBSD it &I, AHENAZEFA T, RERFERIY G U B A 2% BT R AR . SR A7 [F) 25 4w o
FIAE X B ERATHIESE, St AR b 78 SRR AT THT A TR 2 1T 14D o 5 W 28 NS 8 3 P S80I T R R AR
IbAh, ECCl RAFLE R EIR, RAFIRFEFR IR Sk AT % o . A AS 2R e, A i
Pii. Bk, REHEEG SRR PR N R T AR I R A S A 2 BAE S 8 A A
EREN R

(2) RGWHAT T BVEEFE ZrIND & SO A A 1 JE IRSF & 78 R RORALEE . JE RS RS TEM &
FEUESE, FoE B Sobl WAL 25 FE TEAIG, (4520 B B BEFE R R Ligsh. thah, FeEFE5 S Ak
TR B S R, X R BERCE AR AR 1, WSS ETHUERM A R . Bk, SRR %-T
Mk, 55 AR XA AT HLIE R, BRARALES I s AN S 2 A5 S IR & LA o

A03-P06
B o ST H N 7135 A H AR B 55 th R SEESR KA S5 7T 9T
siEse VAL SRIER YA KB S it AR
L. PHAE TV K2R R B
2. PEIE TR FRE K =AMk
3. BlRAE KA RS TR F B
4. WP TIREFET L

WE e o ST 2 B AR e se B I S IR i A% Lo Pk, oA H = 2R O R 703
R IRBE BN AL R b R S5, SR I 1305 & A% S A K I L ARAE I PLA i oK
M. Dyl BHAEFINLEE, AHE TR T KKS #5845 Khachaturyan fsi e, @E5r 7 A8 & % 1) 55 14 T e
LN AR RE AR, JR4E G SEM K s #E EBSD SERGRAE, R T T TUF ST R 7151
AR I ATRFIE, AT 7 8 SR AL K HER AT S ISZ A . AT T4 ROV & e pi e
PEREDUAL SR 7 B B S, AR

(1 8 AN EMEEEIZ+ULRERES, HRImHR N KR T R4, (edhnf ria gt K,
LIRS NF & EM AR AR I R B 1 S I AR RO GURFALE : AR SRS o-Zr SRIPY, T
K & S ZAFAERIIRA] A 22 609,  HAEM I A N = Fh A=K T7 1)

(2) NFl & BN IRAE AT EACI T B3R A% AL s L T R0 DX 4k AR A ] 3P AR B g
ZSRUKEN [ ESERRAT Y R AR A S A DR AR Bl Syt v, PSR E R % I 5 I S R &
I UIATT ) EANR AR AL IR B SRz ST s mg b B R, — 3 Dl 1R HEA ) 2 At A (0 BT ) B
Ao WWHLRIET BN I L 0 AR IE TR BT DI /11X (23 EBSD 38IE), 1% /RS AT
Wam I Rt & SN IR, NI 70 A s IX P SR AR AR (R A

(3) “HEEMARRY], SWMAERBARZ IR 5N A R AT, AR EIRE
B, AR/ RAT & EATA T & I BRAIK ARG s ZRisAL)E ], FEAR IR BEREAR, X F-115<-1100>
73 TR AR B 1) R — AR AR S At s e 18] Bt DX A7 A 2 35 TR N 7, 320 B 7 S B R S S A T R X
AR LA R R A R, 3] T 3 MR AIE, R 5 RUE I SRS Z TR A
R A T8] % o
A03-P07

U-50Zr VIR 2 Al A R R SR AR SARAT N AR SR
PR N DR N 3 N
T BB R A B

30



H E M KK £ 2025 A03. ATkl

U-Zr 08 1 v S AR TR D S A S LR HE 8 PR . SEIR USRI U-50Wt%Zr A 7 it
MR M AK 8 A, BIIEARASH) o APEJY R, fEmil N EARNE Ze HATE U AP DB, 2k
JRHAZ N BCC S5HI y Ao TTEAT 3o 4 I AR ARE it A U PR, P58 BRI U 2 KK BRI, X 15 R (AL
HBTDAR TR AT 22 PR A B2 A, 410 il T U-50wto%Zr (IR 7 B R, Tl & 1531
Feth U Zr fHEAERIRE, @i 73l i b SE 1 U-50 wi%eZr th S AL RESS , 20 a7 1 AR4R
AT AR IR 251 T 1) U-BOW%Zr (11 R 7 i 243 3 A AR S AR, AR08 S 6 v 423 28] O TR 2o R I P, 2 00 »
HET o MK UL Zr A EAEMRERIA, 78 T U Zr M RK A e Bekis . 2T Lammps JT
TG, HZ TR T U-S0wt%Zr FRE A kEE, BE TR TR I RS . ST T
U-B0Wt%Zr 5 < 7E il i o AR MR RE, 00 MR RO VR 7 e 1 RS2 BEAT 20 M, BE TR«
= Zr AT BURAE IR 2 TR B 6 JOIR, TR 2R, JRERAONERIR R TR AL IR, AL
MAREEE R T HE D RLRE, X5 RERI B, RO TR IR s AR AN S AL AR R R ) i
HURIHY A S Zr AHALSREE, FEBRIRIN WIREAEFAN R FHIAL, IR, FFEEET AR A TR
BALAT AMBAR SAAAT R AERE R R R T v FE A — B ZRAR AR i1 R A Ao 2 s A T 9
T R R e 7 e S AT AR AL B ERE o R AN DUINGE T A SR S B ALy B AR, i 1 R S
WA, WIEHEBRE T B FERE T RARREE T SR, W& 7 R iR I
FA T U-50Zr RGuAE % LM H BRI, #E57 U-50Zr A 4 Hh i g 7 Al AN 28R S i IK A BRI RO A
HEHR, BT U-50Zr &K .

A03-P08
F5 T E P RO R BT R R RER T

sRtb B L BT, TS, A

Hh R B AR TR 2 S B

R BHEIZAT 2 R E R oy By y TRV, DU R &BAFE SO EH G, B NS 24
TR B o BATERREERUL, FEES, HTEM, Mt/ y FLitERS L&, &
R E SOCTER G SRR R T A TS RN R R R R o AN A A TR HE LA
SAERe . BEMHES T AR & DL B B 2 AR A, R S A TRME R R B
2 —. /NUREHA R N HE (Small modular reactor, SMR) ZE[EIRIFR &AM, Z%E4 N.S.MUTSU &N
e, HPEMOAERL SR NS ERR 70%, AIEIBEROMEIRI R TE SR ZOREEE, SMR X BE M RN
HREN. MR S0P B AR ™ w2 A IR A B I IG F e Bk . DRI, R R Gttt R b7
DR B S % fe R A HEE L.

B TR EA R ST HA SRR S, RS G BE ORI 78 S 2772 % . iRYE
Bethe-Bloch A3\, HL7 4/ & 44 = (1 76 2 v] Lhdd B 7 8 5 7 (0 sl gkl D i &, FFmeb —
UERST= A . St R TR B8 STt R, AR RAAREES BERoTE, KT 5AHHhTK
AP, SEIUN T A A . NSRRI T S, SR T IO T R G E R R
RBRF R E . & Z GRS y ST R AN AN TR, AT SOOI y T, O
Tz AE v Y FIRIGR . Ao W Gd. Eus Sm PRLEAG ¢ i ) #AAh 1 I UAcask T R L - e 8, A R R s
W TRy ST, BRTERR ST B RO A AU B B SOOCTE . 28 BRI, BAESE A TR EA RiFm
TR, DUHCAEEE, B2 BA s b ISR T Y Dh R SEORE B i) 4 1 &2 & bR R, T sBilk h71
&AM — Ak, 3 2 SRS HE T B4 R e oK

BEX BRI R BAL TSR, AT T LLIR U I D BB BRI e b B e 20 79844, K4 Sm. Gd K94
KMELS @ FRAEATE A, @Ed A%, w8 U S TR R TR, Bl bRl R
BA RG#Fer:, Barsciix b7/ y SR A bfik. MCNP THH 45 RER, FE R TIEE & &
BN, ZA R R RBCER B E T AR TAERITRE, A BTt m o T 2 oAkl
T EPERE Z A R BRAR, SHIF R ANRTEHT L & 01 5 6 BROM R A — 58 B AR A A A S 4%
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A03-P09
C &&XF Npimr-3530G HERIR & & BMAR LIRZ R M
EM VAL WSEE M m . SR
1. R ER 4 Bt AL
2. MEBEFREAKRE: MRS RS TR

Npimr-3530G 23t =i & &2 BRI BE R SRR G MR BB ARl 2 — o N T IREE SN IR
J1%EERE, WHAE T C Eraxt WA RG-S YERE M R2m . B C S\ 0.04wt. %3 N %] 0.09wt.%, &4
KL 5 S RL ISP 2 RSFIAAE 10pum 2245, M6C BRALIIT-45 R ~F ¥ 7E 2.8um 247, {H M6BC % M
0.1%F2 = 2 2.6%. [EELBFEF, M6C RefBATHL a7, PHAG & L%, ik 0.04C. 0.07C #10.09C &
S [ VA AL B P SRR ST 40 B 225um. 85um A 84pm. FEIVEALTESE, 6 AT WAL R 40/ N BURLR M23C6
AR E B A, BEE C S EM 0.041wt% I N3] 0.071wt% F1 0.093wt%, & 4 [F V4 b ¥ J5 7
750°C/150MPa | I AE 4 43 79 &y 628h. 1047h A1 818h, fE 850°C/100MPa | [ A 4 7373 4 113h.
267h F1 210h, fE 850°C/130MPa | (1254 d 73 il 24h. 45h F11 35h. £ 4 (1648 75 d S 36 I 5 B AR )
JRH =B W& C HEEN, &4+ M6C ikitEiEls %, iR H M6C X123 1 S E A
Wag, ReitE G SR LA (R, M6C ikBiEd 2, A ™ HER, M6C ikl S5HE R
256 8055, S aies ™ E R G R FLIR . LU, BIRE &k Aar; b, BE C SEly
I, TEE AR B 0 R Rk N, BEOK T SRV E, SR NIRARFLIR . RERGUMIR TR E, it —
ARG A 5 R

A03-P10
Stacking faults within secondary phase particles in zirconium alloys
Fuzhou Han*' Geping Li*? Fusen Yuan®? Liu Chengze'? Wenbin Guo™?
1. Shi-changxu Innovation Center for Advanved Materials, Institute of Metal Research, Chinese Academy of
Sciences
2. School of Materials Science and Engineering, University of Science and Technology of China

Stacking faults (SFs) and twinning boundaries have been identified as the most important two-dimensional
extended defects in the transmission electron microscopy (TEM) studies of crystalline metals and alloys. As
typical planar defects that disrupt the periodic arrangement of crystallographic planes and change the local
structure, SFs are directly related to partial or incomplete dislocations. Over the past decades, considerable efforts
have been made theoretically and experimentally to characterize stacking faults in Laves structured secondary
phase particles (SPPs) in zirconium alloys, attempting to reveal their effects on the phase stability and the
performance of zirconium alloys. In the present study, stacking faults in SPPs with different configurations,
including stripe-like, intersecting and complex shaped ones, were characterized based on the high-resolution
transmission electron microscopy (HRTEM) observations, and the potential formation mechanism were discussed.
Our work thus provides a fundamental basis to the nature of stacking faults with complex multi-configurations.

A03-P11
KX SRR B AT RS F R
sial s WHE AL RIBIE AL RO . SR T T
1. R R B 2 M A 2 B T BT
2. b R

PR A Rl DU I AR R AR B S AR P S B R, WA o doe A1 7 70 1) SR A HE T 17
FETEMEL RARRES, TR(O-T) RSN . BEMPRTREAR L T 1) B A R KR AREE.
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FIBER (He), JHXHWRRHIN B K 2 MERERE AN TT A A TARAE IR TS 7 SRARHE RO A 0L, AR
RE A 2 TR IR A T VR 9T 1 T R TV R A S T R R A AR IR RN, M R RE R TUE N TR, BEE T AFREY
PSR S b A RO rh S R 3R B AT 9 B A PR RE RS . SEIR S RN T

(1) MERELFEE TP R SRS HRRZ AR ML, TR 5~10 nm % 22 IF B fuzz
Gk o %S T AR IR DO TR IR 21 525 (e A . USRS TR IR T S R S
Ao R ) 1 R S B, TR S 1 o B DA A R P R R IR . (2) 30 - Tom RS 43
EREEN, BEEMBGKTJy 1.15 dpa I H IR AT AT . SR 7 TR IR il R B R A R T
BRI DO, R EUR AR A TR B R Ve R R - B E A S, AR AL . SRt
¥ T L T T B S R T A B AR R B R g . H S RA s e R IR S A, R YSE
56 b R HH BLTON B AR B o B TOSE BT AR SR P T v AR B R PRI £ 400~700 K AR IR Z T
o e 2 TR A 28 LU SR AR e il vy — N R . AR IR 1Y I 22 800 KON, e BE S A A vh O B e i
B FREARTURRIGE 10%. (3) FEEFHERCHET, & 7RISR R-SkEE 2S5
T E BT X AR A R . HOTORE 2 5 28 14 TR A g i i — B3 . 5 i
TSR, HE T IO BN B T AR N USRS FE D 0.2 dpa DL ERIRIBAIILS:,
RAR TP R B P RREHEIA AR A 5. (4) TR TR, BT QB T+iEE T hRER s
BORE R BERE IR0 . SR TS B RIS b, AR R AR R A B RN T AL AR
BN . S T A R A ) TS S A A T DX A 7 5 Wi AR R AR B R AR RERITE I
R B 7 B AR HE ) S B IRAS ™ A2 AN AT AL RSN o BeAh, TR B8 M IR 5 1 RS S O I AL R B e A AR it
FERITH R, IR TS B 1 M A TR 4 /NS A SR AR HE AP IR T 1

A03-P12
Nb JTERXHEERHE GH3535 &S5t RERIR ML HT T
XUREMG*. PHREER . BESE
R o 2 e L3 S A BT T

GH3535 &gt T HACSHM AR ER I v, Ok ERHE I ORBEEE MM R, 2RI, RIS He W& 2EIZ
BRI, BRI 7 ARG A, WHFCR AN Nb TR IR M & e vt rERE. A1, ok
FIHAT, Nb yuznt ki HhHEH] GH3535 £ S il 4l A4 55 1 HE R 1 SOUL LB 17 AR 56 4= W

A TAECAAFE 7> Nb 2t GH3535 & atFixd 5, il Bhseidt 7 RiaIrik, REHT 1 Nb Jo
FNEEWONLE . JI2APERE AT He B TREIAT NI . 255581 Nb A1 Mo Jo 3 P A 4% & < rh i
WIS Nb JeEGEIT A G il B SRR AR s AL ) R4 iR 5 ) 0 52 PERE s 1A Nb J5 Al DL
995005 He 45 &, ] He %, JHIEIL AR He 78 Ni FR IS BOE R IR EZE He ML, M2
HE e PUERPERE . BEAN, TEM JEAZ SR /1A & S50 09 Nb Jea (e #E4 K2R I R BL K He A2
EIFRARHURIR A T B SIS . XSRS HiHEH] GH3535 & eIl it STk iRt 1
BB -

A03-P13
Synergistic effects of irradiation and plastic strain on the molten salt corrosion behavior of GH3535 alloy
Hui Liu,Zhenbo Zhu,Weichi Ji,Guanhong Lei,Hefei Huang*
Shanghai Institute of Applied Physics, Chinese Academy of Sciences

Synergistic effect of irradiation and plastic deformation on the corrosion behavior of GH3535 alloy in
FLiNaK molten salt was explored. Helium bubbles were introduced into GH3535 alloy followed by mechanical
loading with the plastic strain up to 10%. After immersed into molten salt for 300 hours, all the samples showed
an apparent corrosion-induced Cr depleted layer. The depth of Cr depletion layer increased by 40% for the alloy
with helium ion irradiation and 10% plastic deformation, compared with the only corroded sample. Moreover, the
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proportion of large-sized helium bubbles increases with plastic deformation. These results indicate that the
coupling effect of irradiation and plastic deformation further accelerate the corrosion of GH3535 alloy. In addition,
an unexpected outward migration behavior of helium bubbles under different plastic deformation was observed.
Helium bubbles migrated closer to the surface as the strain increased up to 3%, while the migration depth declined
when the strain reached 10%. It can be ascribed to the interaction between deformation induced dislocations and
helium bubbles

A03-P14
CFA MRBHAME T E BOE X BOBEALHI % TR THSH. X#5ELCENPM
HIFET> A SLAE
FA% AL TR TC A A IR 2 =]

1E CF RVZBLBIE A, & A R O e 3, LA S P B4 s i s A 1) [ B 5 4 2157003
X R N HE G AIBAT RO E T . SR, RS E A RO RS, Aol T2 %88, T
BRK. MEXEOLIEIL (Selective Laser Melting, SLM) AR K HAE 5 2 45w dilidh I OAC 3, 7EAZ REATI,
R BB ) & I B ). BRI, A TR SRR A SLM R4 CF4 & B (MR 316L A4
B BT 2, DIRE SLM HAR R T A2 RS 2 ] £ 1 T AT 1

SLM REJE 3161 ANGEEAR4 )t i 780 2 THDHDRS A 6~12 um, 3o w8 FROREL IS i % 5 A A T 435 W 1 FR TS ) [
JEIEBAR B LM R = WO HE S = AR SRR, T EEL) T A R A R ST RE SR R . AT
REA LI SRR, REIER T SLM RFRE R O E——RE S5, SOt &
JERITZ . WA

(L SES8 CGEoeTh®E., HiEE. AfnE. BES BidiREmnrs. ks
BEAEAE R ; dmYR G FEERIFLIREEE, o P BN T e 5l e R Is G b, mif
Ih= 200 W, 3 900 mm/s, [H]EH 0.05 mm, 25 0.04 mm) WA P8GR E S 15t
=,

(2) PR B IEMAE R B OCEE, B, AR, MAE LR ERTT B E kR
N FIFIASTE o A BRI SCEE (CWER A FRR IR S8 o] BB AR TR IE 20% 0k |, JHEFiEk, (=
AU LR SN R R 2.

(3) JEHE T Z0E I BRI AR N T e O 25 BN TR R — PR TR s B KA RRMK T
L) B AR T, HoAth S A BT B D T AR TTRDRE BE K & M RO RS IE  TFHE. £5G B R A RO
SR BECER (HURHERAMBR) JOB KAREE, TE B TR TR 6 E40.3 mm; &
AR AN, AR SR ZE A5 B E 0.05 mm DL, 5 4% il TR A ) B 3T .

AHFFRI, S SLM il & Sk B CRA ARSIV R E T UL S5 . SCI 4 & BT L
B JG A T2 FE R o @it REIEHIX LR 2R, BEWA RERTH LRRE P LA 2 A% B8 S FH 1 76y 22
Ko KRBT PIRBITHAN. MRS RESEN 2 R ERMG A, DUK B ERE A (an
Al BRI FoR, DARRLEHES) SLM 76 Sk FERZ R sk hlid i g S
A03-P15

0 PR SAR FE
SHHEE (N
Be, I RS

S W-Ni-Fe & HMEZE. WEMNSHETA
MERERS Eff REMG HABR, PR wr
o ] AR T e AL KT FE T

S T R TR IR PR LR U B R SR D S O A T R A T AR AR AR
ST, ARES R PINE R AR e, HBE ARG B IR T, X A i o ARG BT Y
SeARAEAS IRk i, FAT XU F ) W-N-Fe & g RS EEARTIELY, RERSBUAL MBI REURAEY e, A2
DN TR ) S S TR R R . DR T PR B R 4 L 20 % 1 AR R W-Ni-Fe &4, Z AR
SREKENSIE . AR, RS TR EREISEEOR, BT T A RN RAE W-Ni-Fe & arPiis . oA
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IR AT A G5 RK, SAE W-Ni-Fe & & T HEE R AR LIRS b, HEFEE A TS
FHAIS I . Forp, RRESARRE R SR BUEE OE R AL A, AT RRIRIEA o thah, RS o
AT IR AT TSR A, R IS IE I F) 55 5 5 B T 2 PRAA B RE i 22 L HUhisim e Ss ) 5Pk fe
IX LR 5T 2k AR B R AL R A2 3% 5 W-Ni-Fe (M RHA BAE ML T EHE S,

A03-P16
Kk UO2 Bl & T 28 5t K M RERAE S #T
Fag? AR Y W WA VAL AT YA e L 2R
L TP S R IR A A T i 2 T2 S =
2. FRZALTT IR T A IR 2 ]

KARL UO, A HR A BRI R AR SR J a2 A AR s R 2 Do S 7 T AR 35, o s
TRFERR AN i 5 R ATk Py B BRI 2 7 I o ASHIE 5 1B 7EHF R KR VO, Bl As e il &6 T2, did i
TR INFNL A AR LE T 2S5, H14% B L m RFE AN S U A8 75 SR 1 KR U0, b, WFTid fr, 1EHX
Cry03. SiOp. Al,O3 S E A HLL 73 BLZ 2 A0 IR IR N U0, By R, R B A SR G AT R R f kL
UO, il £ SE58, RGIRI 1 e U A BRI . A [F & R IR VO, S Sl B2 [ 52 .
WFFER, 24 CrO3 S INEFE 400~3200 ppm. ALO; ¥NIIETE 0~400 ppm. SiO, ¥ & {E 0~400 ppm i [
WASEET, UO, BRI diobi B RIS RS . Horp, [ B AR S AR CrOs SIS, A8
i B 1) 4% SRR EEIA B 50 pum 2L U0, i5Ht. U, B il S ki B A2 CrO5 52, ALO; BfF —3E
YERRSZmaFR BEARRT A R, TN SiO, M /E— @ FR A R3] UO, S Sl oRLBE B3 K o Bk diohs BEHE 7241
XK AL UO, s B AW HEME REREAT T 3RAE, AFELLI. TR Ay HRL. AR RIS
A IXLEPERRFRAR I E 50T, NIV KR UO, O BRTE SRR B A AR AT AT PR At T S Al
SRR AR BURAML DT I8 T KAk UO, SR ] 2 L 2R 2R, 10 J Bt B AR ™ S AE i BB 8
B TR FHBEE 1 HE S S kAl

A03-P17
A& F RIBREBHLH G ST REAINH 2= B AL
SRS, BEMASE L BRI ZEMEE T EREEAK. BAE L e
1. KEHE RS
2. REH T R
3. 1% TG P 3 7 B

MRE LG 4 R S B P HE R v I 70 22 R R A A o SR AR M B — BRIk S5 MM L . iR rh AR R
SERIMRL P 27 A KR A3 0 A )BT S kb, SIS 7R R IS &b Ti I I RE A 80% ) S TR T A%
HER T HI AR AR, 100 Cr i ines SECE = E MK, HHHWIEMASEE. ETRNEENER
H Ti/Cr- [ (8] G/ 1 8] B %A E A FH A 8] B e o P B s A P e d Rt 9 [1-3] el adioed B — 1 Jo 3ot
ST T B A S I BE R AL [ATR Ti 40 250 7240 O HLER 5] -

WIS 1) AR SIA G =FITBHLE: IR<111>77 M —400 8. PR RATRITR, B2
579 0.008 0.19 1 0.44 eV, <110>Mi%% Al N JEAS PRI RE 4 42 . XUR] Bl I % 42T (0.009 eV) L
FEHER (0.94eV) S /1% EER S . 2) SIA B E Ti KT 4 B BRATEE AL, 1 Ti-SIA
FEYT SIA fRE T E I s %, B Ti 6 Sk G R AETHAE R, SRR T Sk Er i, ML,
Cr %5 SIA JE IR & V-Cr [RIBR, #I] T7 SIA 56 ME A, 3) Ti el s =M it fae S B, Ti-=
P52 G BRI AR e P BE R B3 i B B OK,  JF BAR e M I & T Al R i A% . Ti (0 s A 2 7
RREAEAN R ST B R 8, JEm] T 2SO R R ST S R . 4) 312 b, alid NEB iH5 453
KA TR E S Ti KIEAA A (042eV) THKMFHAL (0.32eV), RZFETIREERFH L2
(0.76 eV), Rk, TixfAHIREAETILAN, MR T AR SR I FAR TR iR A
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Z, Ti ORI AR O 1 2 MR R, wRE TS RS0 DR B A SIA Az, BEi
TEMKERGE DT Ti-B S SV IRBHE &, 2] T SRR LS R, Y122 7
PUE S Ti ISR i) 2 T A0 e (A L A

530k
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A03-P18
Al TLERXS Ni 25 54 & 18] BR AT 0 AU SO FR AL BT 92
PRALSP*, XSHERR . Fals &
UAIEEPNCS

1] B2 AR K TC R SR B AT oS T B AR IR 2 A T AR 45 K I A8 R ok B2, (LT Jm B L A7)
ANFRE FEARTTTA, FATHH 70730 77 AR ORER FEA FUR ST 1 18] B BT % E AIXNiCoCrFe =/ 5 4
(HEAs) il ALK EARAL I AT . AT TTAE KRBT, FEE ALREERIEN, 2R —4E (1D)
B ERN. SR 3D 1ZZN G AT AR, AR TR RSTI R, R T 218 ) 1D HiEs)
JIEEMALE T 3D BEIE S HEAs PURMPERE T I CH/E . XL 208 h Al SIARAL AR T (4
Fe A1 Cr) Z I8l b [FIAHELAE FIAKEN, M0 AR S AN o RN B R o ASHIE TESRATH 1 LA i i 2 e
oy SNSRI T 18] B [ %3 7 5 L i vk Se itk R AT i 52 & et 7 HE idE S U7 8.

A03-P19
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ions/m2s) Z S TR IR A5 1 B AN [R5 R [ B i 8 BT R RO PR B M A8 TR 9 45 SR 3R T JEEAR S5 8 45 v 0
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A03-P20
A Selection Study on base Material for Gadolinium-Containing Burnable Poisons in a Prismatic
High-temperature Gas-cooled Reactor
Anzhou Qi*,Hao Dong,Guoming Liu,Liyingiying Zhang,Xiaochuaniaochuan Jiang, Teng Shen,Jingyu Guan
China Unclear Power Engineering Co.Ltd

The prismatic high-temperature gas-cooled reactor is a new type of reactor that China National Nuclear
Corporation is independently developing. Burnable poison is an indispensable part of the core of the reactor,
which serves to absorb excess neutrons in the core to balance the reactivity of the core. In order to adapt to the
physical characteristics and structural design of the gas-cooled micro-reactor core, it is necessary to develop new
burnable poisons blocks. To ensure that the burnable poisons can adapt to high-temperature and irradiation
environments and possess excellent stability, the selection and design of the base materials are crucial. After
determining that Gd should be used as a neutron absorption material, screening work has been carried out for the
base materials of the fuel poison core blocks. Through investigation, four types of fuel poison core block systems
have been proposed: Gd-Al phase + SiC-based, Gd203 + FSZ-based, Gd203 + Mg-PSZ-based, and Gd203 +
Al203-based. By means of the trial production of core block samples, followed by their characterization and
testing, the performance of these four base systems has been analyzed. A comprehensive evaluation of the
advantages and disadvantages of each system has led to the selection of Gd203+FSZ-based as the base for the
gas-cooled micro-reactor fuel poison core blocks.
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REEEM R SR, ERNHEZATIERES, 4RI SR AL 2 S B SIC MBS A, 5
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HRSREED N AT BIGAAT Y o B AR e S 13 RIS IR AR AR, BE— DA T AP EHE A R T
10 DX 8] (R AR A e~ WAE AR RR AN F 4R B A S8 R S . N ST WG AR AT 9 5 OO R A 2 [
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A03-P24
B AR HPUTBREMERE
RICEX, AR# 2, w2nE . SOMSAE 3. Mitkis S, AEe . mUL . ERSS Bt
1 bR AT MR KA
2. TRl B IR AL AR T
3. db Tk ok
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SEBITEREE,

AHEFE K EEE Dy 0.05 mm. 0.1 mm KR FLES IE F1E 0y 2.5 mm BIRELESH . 745 A Puil i i 5
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TRIMATRI, REEEEMRAEA RHNH] T UERIE S K. AN, RIS L KBS 2 18]
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AT el 2 R S8 T-Be, RN ] 7R AN RIR L R XT 316LN AR /7 24k e MW A AT NI R 2%
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hRe s, TSt AT HE S MM R U B A BN AT 5. AT Fide RIS Ak A4 5 IR Y 9Cr-1Si ODS
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A03-P32
Study of Deformation Behaviour in Annealed Copper via In Situ Tensile Testing and EBSD Analysis
Fengning Liu“? Jiaguan Peng™? Siyang Mei? Yunzhe Jiang"? Menggi Zhang"? Qiannan Yu? Tiangang
Zhang',Long Cheng*"?
1. School of Physics, Beihang University, Beijing
2. Beijing Key Laboratory of Advanced Nuclear Materials and Physics, Beihang University, Beijing, 100191,
China

In this paper, we systematically investigates the influence of annealing temperature on the deformation
behavior of high-purity copper under fusion environments, employing in-situ EBSD and tensile testing. This study
mainly focuses on the microstructure evolution during deformation, including the evolution of grain size, texture,
geometrically necessary dislocations, and their effects on the mechanical properties. The results show that
annealing temperature governs microstructural reconstruction dominated by dynamic recrystallization and grain
boundary migration, leading to temperature-dependent degradation in elastic modulus, yield strength, and ultimate
tensile strength. 300°C-annealed samples demonstrates anomalous improvement in fracture elongation compared
with the pristine sample, attributed to a texture transition from Brass to Goss that enhances strain hardening
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through coordinated activation of multiple slip systems. 500°C-annealed sample exhibits equivalent peak strain
geometrically necessary dislocation (GND) density to pristine and 300°C-annealed samples despite
thermal-induced initial GND reduction, while 800<C-annealed sample shows constrained GND evolution due to
recrystallization-mediated grain coarsening. These findings establish a micromechanical framework for
performance assessment and lifetime projection of ITER divertor heat sink materials under thermal cycling
conditions.
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IR TGI8 CD HESE, A RARTT 1 R ML R AR M B LS 5 1 R I

A03-P34
W-K 5 W-Hf &SI B T4 IR T BB NHT 5T
SRR, ZRERE VRS ZINE . Rk RmUL. AR
AEHL AR K7

AP A AR % B P T ) S S TR R PR R B SR AR HE AR B B AT . 1S (WD TR R R R
B AREIRIA R AR I R IPidR B YERE, )N SRS HE S — BEMDRL I BRAE G . SRTT, TERSEES T
RIS R, AP RLR I 2 = A i RESE R IR, ™ EH M RIRA ERE . AT B G ek
PESERS, REHEE T AES (PW) DU &4 (W-K) FIE845 44 (W-HF) ZER[FE S AREA (100, 1104
111D FRUREGRIBAT R Hr, KA HE 30 S R A R /R LS e b e kR KAE A
Bt B o P Rl R BRSO R 8, 1T B AR D B e Y I 5 T R IE I T it e A B T AR
£,

SHG K FHBE R 40 eV, VER 2.5%1026 D/m2 {555 B 144 7E 500 K 1 800 K FXTFE M T . @
i o IS B AT (Electron Backscatter Diffraction, EBSD) R AFAE M S AARRL ], 45414 B 7 B sk
(Scanning Electron Microscopy, SEM) FIZEAEE T3 (Focused lon Beam, FIB) R R4 #r T K i
TESRHIE. 250K =FpPRIER (NDD #Rif2 BEFRSH B2 & 5L (RD), R &5 R MAH
Sof JUAAT 26 R AT BRI S T A% B v i A FH 5 500 K4 8 ) WK FT W-H 4 4 F B 70 R P8 Je 4 A Dk %
1M 800 K i W-K [CIAT A S 24500, W-HF (53R BLH AL R Pttt ae, X —E RO 2 S n
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T MG ST R R TR FEIERUE . SRR AT SR (111D ST 32 2% R S TR AT R IR,
(110) @I PME S TE 83, (1000 @i N 2R SIEX 5 73 BUMEILERRE, XM 2 R FERERTA
IF) it T T BB 0 1) 22 S DA B 3 T i - HE 21 O =) sl
HE— 25 KA KATI A R T (Time-of-Flight Secondary lon Mass Spectrometry, TOF-SIMS) 43 #
KU Hf TRABEAAEPRN D 54, M K oxMBER D &&~EEEMK, X5 Hf iR D B G &
H5 D WAL SR A R o AT FEAMN GRS SRR 1 SRR IR ATy BR B AR . B
AR PR AN S A RRRE, B D SR AR HE U RS AR 0 BT 5 i AR I A R A SR it T B PR AR
W T gl RR N, i & B GE SA BT AR I ], R R R AR SR AR I i i R R .

A03-P35
% PR BT 45 W 4 rh T S B TR IR R 9T
IR, SRAFEY. PMIRSC. R B BT
AEEFUE UK 2=

RALREAN N UL 4 A Rl e R ) e R T 2, (B SRARSE B AR IR A AR HL 8T %1, FerhbbRh )
FT LML 2 FRAR B BBk AR e — o B PPRL DR AR R ) 9055 & AR SR IR e, B\ A2 SRAR HETHI N 55 58 1
R EIEA R SR, HE T A TGRS i 23 RO 5 B8 T AE AT RO E M, 1O B B S M R [ R
R . AT 5T DL Rz AP AT T4R IR T A AL H18S (ND-WO L dokL iz 1 38 B T4 [ 3 T 1) L o 4
(RD-W) L2 S AHPURES (CVD-W) S GG N 70 B, 455 18 048 B 24k 55 B 7 7R 2% & (Linear plasma
device, LPD) . #Jlit {1t {% ( Thermal Desorption Spectroscopy, TDS ). $14 Hi%% (Scanning Electron Microscopy.,
SEM)TE N S5E5256 77v:, TR Akt ) ot S ) I 52 1] (1) fF 98 1A o

£ ND-W. CVD-W 5#i&d LT A B T R4E IR CRIGER, 4RIRFE), WELRER, ND-W
FE R EEM ST R 2 THRIEE M CVD-W, T A2 H P AT d S 45 M5 70 o Re i T ZE A ok
A, T B A ARG CVD-W IR 7RI AE K. TDS S5 R R, B r i E &R s T
ND-W F1 CVD-W, X VAR T~ H A vam e it S BRI BRI, A7 iR B mUs 7, AT hn 1o i & A
RD-W RIS B AR CRRIRIR Y 450 K, 4RIBAIE. ), BEFEE R R, W i
NI BE N . E TR B R B I -, Bahtgse B, R WIHR IR [A) 0] 3 1 45 4 A%
WA B AP SEIG R, TRy B R s P T ) P AR Ak B RN, 100 B 1 R T i) P B R
T B I I RE 32 B . E RD-W _EEAT =il a5 B AR IR CRRIRIELE 770 K, ARMEGRIED, BEE 4R IS
(E3g N, EEMRHMHRAEE, WHRSER, BRIy w6 . FEN e, e £,
SEUVREIR, WHNA T . TDS 5 R TR, Jil B e MR R R F Fe, o R 4w IR A i
1/ fE, B TR, i i R b .

AR S LR H SR I AN T B o dm RS ARR IR, < Sl M 38t R 7 U BT e 5 i B AT
TG SRBE BRI 2R, X BT T AT L 0 5 18 1 AR R A i 0 45 5 IR AR EAT BRI e

A03-P36
ET R RARTR B S 5] K58 IR B35 55 1 T ST 5
MR VB, BTG BB BITR
A st s AR

IR i) R TR AR ME S ST A% BE AR GE i (R OB ) R A SRARHERR i IR T, MORIR 2 il 1
TR, FERERAL A BTG IASE B AL, T E AR RO S R T I R . X
RIS RIE T (OKMC) W FEMEHE R O S5 AL A 2 T H . JR17, OKMC REALE &
i 2 ELK IR T S BTN A AR DLIS TR RUBE, 30 S PRI 1 AR AR} el i e AN AT D R VAl P )
2 o

AR T — il a =4 5 5 R 542> Bt ds (VAE) B ST HTHE T . #4448 OKMC
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UM ) R 2R MR O S5 A A N = i e, AU VAE 38 K AR PR RS IS Bt 2R e
T3, RERHUAE OKMC BUBUZE B il = B SR HEAT JE M 22 21, MO RENS A 28 ) oW 5 R JE AL AU RO
UEIEBHRIE A . (EURFER b, ST SCHEAR RO MF 5 TR AE 23 1A 2 o) 1) B LT SR R, R IB I I 2R 19
VAE Bt e L% AN TITI PR 785 1 G 55 170 B 2 S B2 AR RO 5 M) i 2=, T G REI (R BE I T35 AKX K) OKMC
R LR . FEAR RS AE T, R TIEN e 2 o PR AR A ] B R AL B R RS Al . B T 5 58 %8 OKMIC
BN R RGP — 20, Mk SR iR 3 MU . 1K NGO &6 440 v Tl F) A B, 3Rt T
RGBT SRS A RO 5, RSB PRI IR VA5 S5 PR RE TSR O T 2 2%

A03-P37
=B S aE B A4 RE 22
SEAEL ML . L sk c BE !
1. B UR R
2. b Tk K2

PHZE (Jamming) & —Ff HAR S P AEAE B AT R, TE 2RISR T2 7. fEARR
= AR A VSR e oy BEe eI ANR el o 2 PS5 L (B A TP S s SRR e VIR A ER Su et D IR B Ak 2
Dyl BBk DA AT FC 3 BARA T R TSR, X TRl H Sl AR, XL Sefr
AT TR IE . AEARBETT, AT LT S5 R R, SR 20130 3 S AU a7 4 B 28
BLGGHAT IRF REERIBE T . JATTAIL, 1/2<111> FUALEE S B A2 3G i A A BHZE () 1 Z2 R . PHZEARAS SRR
FEIRZS Z IRV AL oh o B L I 1 S5 MRV RE (1 S8 5 T2l AT 1 DA S N K93 0 27247 D9 5 B
FEPLG BRI AR . BATHE T (I — WL A DOy PR 48 BH 28 5 A1 2006 22 22 18] 1) ok A St 1 B JEAil,
WHE S S S s BN R . B, 2L OO 1A S SR s (A
M EBCR, Jydffiid Al BCC & @A RN N 13 24t 7 BB .

A03-P38
EF BRSNS ERE LT IMEERYNE
L VRSO, R RN M. BT
AL B AR AR

EFE RS EF, BTSSRI 2. (R B SR, S R B BN I AR HE
H—BEMEL. AR R BUSBET M2 B AR U S 03, 165 Rgiw s
FIMPRLIRE A B UIAE O . BRIk, IRZIBR AR AR R R4S TR VB ML, 3R ST AT A R RS At T
TR e A R SRR, X T RS AR AR HE R 2 A28 1B AT FEm VR F 0% DL I e K2 B IR s 7
HA R

ERBIBATIET, B EERRE TERSEE T, SRR FEDEE RN RiEiE. H
TEE TR AL S5 A R R T2 R S AR TR A A, BRI AT R B T IR B A S AR IR B 55 KBS
1T NBHATHE R o AHFFARFE AL 5O S L R K AW H 24 g Wi IR S @ SR MR 50838 (Gas-Driven
Permeation, GDP) LI E V5, VAR ELHESAEGEE AN &, JFE TIREJEHA 873 K-1023 K
P RFNSELR . ZEREE AR RN &R %E R, EHTEER 0.1-2 mm PSR, HETF
Wl B2 FE A T~107° Pa, Hodgm TAEERE AT 800 °C, 3 kFf 4 1x10° Pa (B 1 atm) [ERENS
7. BeAh, Z3EE RO EE AN, RS RERASMAELRMEE] .

FRAE S50 3RAT (RSB M 26, T R4S ALY S 0GB FF L 7E 873 K-1023 K il FE X 18] A 19 i R 4
SN 1.24x107% exp(-1.19 eV/kbT) m? s A1 1.78x10* exp(-1.20 eV/kbT) m? s o A fKs it — 5T 2 Fh3s
TSR BHA KRG SRR IE IS, RRELAN BAH ISR S A0S St B, AR ARHE SR — BEM R AR AL
RBIBAT NER. PSS TS gt 73R
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A03-P39

(Fe, N3V KEEF FE &N EE FiERBRM
XURE L, GyERe* e 2, R L TR RPN #oc g b X L Somei OHNUKIM?, 73K % L.
it
1. bR RHE R
2. TR BARAT
3. HAL#E A

BIREKIEEFG4EFe, Ni)V & FifE S8 RS H0E T B 35 R AR, X858 T
AR R A fetE . iR RE LA K AR 7 4 A i SR R 403 4 R e SR AR . AR S
HIRFL-SFC #2417 532 MeV Xe & 1%} (Fe, Ni)3V & & 217 360 T L Re & F4a M, DB FHEe 5|
G R, R1F T2 8 um L2562, IR 3 dpa. 34 I i L 1 A 43 BT Fi
TR R IR ITE, 48R 1 48 B B AR 45 #7248 1) G THRRAE K Fon 4R IR AL (R i . EBE NG R4 3
um Ak, 5B B B al2<110>T AT I R AL IR DL S FE G A5 1) al2[ 11011 S5 2R 4Rk s T /E BE N S
RIML) 6 um Ab, FEIEHEE ) 5 T a/2<110>7 4 (57 A5V R AT AR 1 DA R AR 56 B 4 45 11 a/2[01 T2 4 2R 4L R
B AR B IR 25 FAE S % &Sm0 2, JE TR BRI A 2B 4 T R R e T TRk - i PR AR AL
Z [H) ) 5 B R

A03-P40
B SR BRAIBUN R R B 5 AU b R R
WY ERRE S SRS BRES S UE L RAIE N B0 L XIFF Y. Somei OHNUKIM
L AemRHOR
2. AEECRE B S A% B [ 5 S
3. TR FECA PR A F
4. AAdLiEE K

AN VRABUR R IR P U A% 3R 00 AT P s A IR B e doRt . DABRAE O R R SR TE U Z 23 A i 5 N
PRI v R R8RSR 6 MeV Fe AT Sl R AR IR SE50, MU M R R I o FI B ZEAR G265
R R, SRR 210" fons/m?, $K13 T 5.5 um B, WMEAR A H) 0.367 dpa. i T E TR
FRARUE SRS TR MR AU i 2 TR IRALAE I (<a>Bd. <c>MY) MIERIRFLIF, (EAN[R] ok ) ik
B RN BRI RO AR 22 5o e b R TR ) 7 A F) <a> TR R <> BRSSO, TR T ) T <a> U3 1Y)
HUos P o AERRIRSRAL B0t P JT e TSN s, IBER 1 2lBAE PBS AN LARUHIRIE 9 h J& Mt =
B EREHRER . BRI AR . R IR B BRI 7 AESE R R R, RISER
YIS TA] N AR RS AR R T SR L R R RS P . B P2 R AR = 3 il I 41%. 44.8%. 20%. 25%.
FEAT THTER [ N 20 BRI HE S o 453 0 55 B Ak P (R RO o AT TR AT D P < Je 6 B 4 < AR U P 2 A U
SN SE RS

A03-P41
He B FER THAZ & 5B RN ST AN LR
RIS L FAE L RIRM 2. AT L KA L EOL L SEHabh S BUEHE S L BrRre, ek
SN 75N 5
1. JER(H TR
2. Rl e b R B AT
3. T RERL R T

ULEER, 2 Fuhr G e et S NHE R RN /146 52 R0 . FEIRBOASET, o TRRIEA U™ A B A 45
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i, BRG] AR NI RS AR, PR E R AR PERE, I 2 320 A e I ERAT A I
RAEVERE R R E . AT 9% Ni-Co-Fe-Cr /A R 3d i IE £ LA & MAIBH 7T K2R, “Rigmar5
“AZATC 55 % 2 JURHIE R IH SO R T EERIR . AR, BRAVET BRI R miR R A 2 e A
SR SEIR 25 R, MENS 2 32 J0 A & I S0 RS A HG T R 5 B AL 187 53 4 A R FE R AR 2 B
FHIEHLHI ASIEMT . XT ik, FRATISE Gocib M ss — Ve JR 5, XFEUWSE T V-Nb-Ta-Ti #1 Hf-Nb-Zr-Ti #Ff
HOUHEIR 2 L0 & SRR SHEG SR R REAFERE He B PR THNARATNER . A8 THRESR g
REW, ST ERRKBFAL, EFEE 700°CA F4EBIEE T, VNbTaTi. VTaTi 5 HfNbZrTi #1206 e
ST R, BREEEAR, FRERE RIIIK, 1X5Resr 5 2% B3 A Bh T i) S A= (1) 117 B3 38 T
Ao @ — M, HEEARNREXE N He R ITBER, JCAMEIEZ Eua b EK
()25 R AR T B SR FIE R RE A AR AR -0 45 5 e, LA AL A B 2R B R MR RE A FE % 42,
EERE T He JEFMITBHMEE T RIEMKK. HREREN, 20 E0EOFA —x T om0 i) &
TE 4R BRI, B 2 32 006 & e IR B 00 SN i b 25035 R AR m R LA

A03-P42
AFEHREEET Nb 15 48 R 5 fatb 3 s
B3N <117/ R Sioe R 1 IR = N - N e R TE
1. dbtE TR
2. TimRHE R

5 R A MG AP S S HE 5 R A e T s PR S B I AL, 1 o) 8 1 S A R 22 PR REAR AL I PP — ELR
AU N THT I P B Pk . AR SC AR A RS A (210~3600 ppm) FHLBT 42 )8 Nb B FXT R, 25440k
FeRAMICE 225 i, BEFE T 25pm iR FERIES) Fe 1 46 MRS BOREAL R G AL S5 SIRIAR S B o 7ERE 1L
JrTE, M AR RO L, AR X Y ), HS R XA ] 257 BESCS B BT, fE T
Nb FRVAEE RIHE K, [ e 4 AL R 2 A B R e B R IR, =S & &R Nb 7E4R IR S o K3k
) T, BRI SRS IRNNREE R — BUR R BN . [N, E=FEEE T, Nb #H
2BV RE T, AR BRI BE RS B2 PE T Ah, Bl B R AT R b Je iR 8 AT Jm 220 5 A i SR 8L Ak
PRE, A RO AR P mREEE RS, ERUEM Nb rhIS R AR R AT, 45 AR
PERAL P HIREUR ST AR AT, e PE Ml THRIRIE L, 45 o Bk ) B AL 1 4R IR 1)
PEREE, DL EOuB, BrRITE R R T2 10%.

A03-P43
MASFGRFERT Ti3C2T2 (T =F, O, OH) MXenes #6324 R R %/EH
BciE*, sk, MF
Jb 50 B B S i SR S

MXenes BPRMEMR B A% 2 FIAZ ARG D574 75 T B A W CE R SLHAME,  OR4e 45 58 B XS T S bR R A
e EE, flR LRSI NSMHEREEREE, BATHI T 4R 51 FLIRSE ST MXenes Ti3C2T2 (T =
F, O, OH) [f1HLF-45 ARGk Rl 1R 5 M) DA S XUk AR o FLIIR S5 # e 2 PR e RS AR T, 2 T ANk
MR RIAN 2P E R 2 AN RO &, B BH T B ARG BRI ARG Ve RE R ORI o FLITR BRI 32 B o
T Ti3C2T2 MRS LRI L T-40 4, 7E Ti3C2F2 F1 Ti3C202 T, HRFELHIR F-p Al O-p BB R Rk, BB
BEMEB T HAMRESTE Ti3C2(0H)2 KRR M= AT 2 O-H S HIIILIE , IX e 2 16 2RI
X AR SRS (UV) X3, WRISGE SFEZLAME I N . X T Ti3C2F2 #il TisC202, =¥, EEM
FNIATE 2 7 R R DA 35 45 e SR A X S R G IR ISR S o T T Ti3C2(0OH)2, 75 7 e H 1 53t v WL G R &1
AMX IR o -4%~A% XU N AR 2 SEHES (< 0.05A) MIBEEARH, SAMTER G P RO gt
FLIF SR B AR AR 2 A 2 3 HE B B B AR o FRATTRR 45 S el H T4l TisC2T2 (T=F, O, OH) MXenes 1)
G e R N AR S5
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A03-P44

V-ACr-4Ti &P ZEMREET AR EETTRE BN
PNBUBE TS SRR BEMASE L BRAEEE 2L s G
1. RiERFHRE
2. b v r BT TR

POV B e R AL 1 IR B AR TS (LA I, A ki AR HE S5 MM L. S,
V-4Cr-4Ti & & 515 R AT 0 e Re fyuia AP Ak 8 71, BN H sl BRI S 4. TEmbeh THa R
T, MRS KRS AL, SR, Ti P BT 25 T AZ AR, AT 28 1 8 R i
s T Cr BN 2 s R K o A TAE LT HBA 2 AT IE LR I NG @ o0 8 TilCr X 25467 J 35 (4175
AT NRISE[L], R FE R T V-ACH-4TI &4 h B M E R TR AT AT A, A EETT
& TilCr X AL AFEAL 5 DL K. V-ACr-4Ti & &b S TR TAZ K R AL,

WG RKY: GRS L, V-ACHTI e R AMIE BN T 1.54~2.55eV Z[il, “FIEN
2.19eV, HRACTAH (243eV). SRR M, SBAART XIEAELE Ti B, HIEBEEA XL,
Bl Ti S5 G G I — PR AL, 23678 FBIELE Cr R, TEREEE K & . A4 ItER CriTi
XA s B R R T S AL B — I A, RIUAFFERN o« V-4Cr-4Ti & & WS A A =23 67 A S %
RS BT 3.22~4.74 €V Fl 5.15~6.93 eV Z [a]. ‘& Ti DX I A 5 ) T i 28 il AR B, HE Ak
At (3.22eV) REMTELEV (4.35eV), 1AL Cr L XA RER 7y (4.25~4.74 V). =S HfELE
Ti fiE 2 e EBUR I S %458 (5.15eV), [AE Cr fx Mk 7 [100] 77 [ B i — 4EBEIR S5 1) (6.14 eV).
#1715 1, NEB R THE R Ti KM BT A 280K, Ti GeIk3N T A0T R8I SN RST 1) Ti- 2467
HEY), MEAm Cr XU H 25w, XEWUEEITHE Ti X B AEEEAETFLAS, 6] T KRS
A1 FRERITE B KK

g ExRARIES (12175028) AL T4 HREIFRS (2023-MS-128)

SR

[1] M.L. Wei, P.B. Zhang*, X. Wang, G.F. Li, H.C. Ji, G.Q. Wang*, J.J. Zhao, P.F. Zheng, Towards
understanding the mechanism of titanium suppressing vacancy clustering/void nucleation in vanadium alloy, J.
Nucl. Mater. 591 (2024) 154930.

A03-P45
Fe BIERE AR He R B &7 HhFFERHIA
s R 2L MRS
1 KESGER S, FEAHR
2. KEAGEKS, MRS TR
3. RIEH TSI ERE, = ARSI 2 A i e S =

RESMERE T ARG SR TH RIFENIERIT RS0, R 50N AR 754t
FR Sy i BE SR FE A IR AL A, AT DASEIR “He W BRI B4, SRTPAPRIIRAR F i

AHEFER M He B 7ML L He B 1/ Fe &7 b AR E S 4K FeSiB, #RITR SRR
MEPERE, JCHOQUEM B A SR IAT ;. RIS R R () Fe LR S AR IAR IR R LLEL, R Fe LR
HEMBIN ] RARA IR AT RETE

RN R, EEMRR I SAR R R A AR, T2 EAE SARIRIA N a-Fe AT Fe2B AH; 72 W FIFE IS,
AL LE . He B TARIRUS, b7k SRS X 0 A5 KR He i, TR EARZ0Y 1.39nm, FHET S A XI5,
[FIER BE PR AR d X380 He WP RS EER, HARFHAE WS 21 1 200 DX UL & He W RQIBGE A K. N Fe &
T ORISR IR, AT 5 He FR I, RS B8R, P HARIA R 2.17nm, HL & W] DI I HARIA$] 8.2nm
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rh E R RER 25 2025 A03. %Ak
FIK He ¥, FIE R AR & & thE, He B TAEIUS, W& He M RSHAEY; mibhFRIFEEH, Fe &1Xt
EmB A EHE RS K TIER A et . Bl A S THEBMIEREIT, yREgEAN He BT BaAL
A ATCAHIHI R A PR AR SIS E AT, e ik R AR AE SR He YT R DL RS BLEAL X
W 7 i — BRI .

A03-P46
FRLLFRS % Hastelloy XR & &R Bk NAR SRR
TRoCHE V20, R 2. e
1 RAEREE MR S RSB
2. FERFEEB SR
3. PEB e RO A R A 5 PP S

A4k Hastelloy XR & &R B8 k0 1124 M B8 K B UG AR R 7, ABFAAT T =F W S &AF
ez (4% W 0.8%+B 0.006%. 2%. 3%, HARHTS XR B —30D, RAGHKEIES XR B4
BEAT IR, 4 =M ay R Sk, A5 SRR, =M R 2 AE M [ L2 S0 N Hek 4 m] Se 3l R 4 1)
TE 0L SRR SR HSURFE BT o — R 2 SR P Sk R IR 5% 4 8 1) S P 250 i TR, 01 JRZZAEREM L IR
B FAFEINA DX (1150 S GRS v T A P R AR 2 AR ek, TRER BRh B T ER I AR AR P AR Tt
TR . FIR AR (750°C. 850°C) FuASEER R, =Mk A SR fEAHIT, 23 R AR E 2K,
H i N WA B i R R 205 5% . EBSD /iR, 2 SRk g BRI i e, NP R, Ml
SR 3 Sk A A S, B FIT R E

52 900°C/43 MPa iHEAR IR F B, 01 5 22 SR S () mo g e A A R0 7 E A A b L e 3k
L E 2 5LL BB S B HTRA, B SIS & FUE R RSO A, G2 E Mo 1t M6C FI'E Cr
(1) M23C6 TR i, BhIRIFE TG ae /1. 48 F, 7 0.8% W + 0.006% B 1] 1 5 IF 22 {5 R FF R 47 Fi
ISR AR, BT XR & &R H ki) s A e, A TR /).

A03-P47
Hermeticity Testing of SiC/SiC Composite Cladding Tubes under Internal Pressure Loading
Weijun Wang*,Huafeng Zhang,Bo Xu,Shuyan Kong,Ran Chen,Zongyue Feng,Gang Zheng
State Power Investment Corporation Research Institute Co.

The application of SiC fiber-reinforced SiC/SiC composites as pressurized water reactor (PWR) fuel
cladding remains under research and exploration. As the second safety barrier in nuclear power plants, preventing
fission product release is one of the key performance requirements for SiC/SiC composite cladding. In order to
measure composite hermeticity under more representative PWR conditions, an in-situ internal pressure loading
hermetic test system was developed and relevant test configurations were identified. A duplex-layer structured
SiC/SiC composite cladding was studied to investigate the influence of the outer chemical vapor deposition (CVD)
SiC coating thickness on its gas-tightness, and then hermeticity testing of composite cladding tubes with
optimized overcoating thickness were conducted under internal pressure loading conditions. The results indicate
that a CVD-SIC coating thickness of no less than 130 um is necessary to achieve an SiC/SiC composite cladding
tube that meets the leakage rate design requirements, and the current SiC/SiC composite cladding tube meets the
hermeticity allocation at pressures up to 15 MPa. In-situ internal pressure loading hermetic test technique is an
effective method for measuring hermeticity changes in a composite cladding material as a function of applied
stresses. It can be used to determine the maximum internal pressure limit at which the SiC/SiC cladding retains its
gas-tightness and to investigate the influence of slow crack growth on leakage rates during long-term testing.
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A03-P48
ET HiPIMS AR KA PUER IR EHERBT T
UA=E7 NI 1 NPT AN = ke SN R4 N S
M R K= GRIID

FEEVR PRIME (LFR) izfTid iy, Bses bl R &t . milimiyy. #i8 (LBE) JEihs
PEAS SR A, A RN 3161 TOL <5k LISz AR PERE, KA e VE s ™ IR Pk . 45T
W AR RO RIS A R S Ir) i, ) 2 v BE R 5 97 % J2 BT A Dy — bl B i 0 AR R
1o TERZRERIFEAS, mRE SIS (HIPIMS) & 15 F BRI = D) 240 H T S0 i B AL 3R 45 g
AR, gE % SRR HRRES G IRINERR, A CHGE M T LFR 52 iR)E IR ZE R . AT
REET FeCrAlY. Mo. CrN =FREM KL RGP HAEERE S, #GR. ERTHEE L LBE BidE T
DUTHITERE . Hrh 2 5 TEMALMN FeCrAlY IR ZAERHZNZS LBE JEThIA5E vl A sl B0 2 i 1 A AL
CABHIEAR T Mo R RS IAE LBE R IAER P S ST (PR R 2R IR SR AT B3 CrN A vl
W E B AT B IO R vh SR IR, B3 CrCrRNICIN IR RE S ), P 3RT T ke 5
KRR E VL. AW HIPIMS BORAE LFR RSS2 WU S R it 1 5 28R S0, JF v
BSRIREM BT R BT 30 18 B

A03-P49
Y203 FRLE W-Y203 H &hrRHEL S B+ 353 B S N 4
Rt BRI B30 RmRE A BRI YL AoKHe®. REFE M
1. BIETAL RS MEERES TR A2 230009
2. BAETORY: S ReE & S R K S N T380E & TR FL 0 A B 230009
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A03-P54
Deuterium behavior in tungsten after plasma exposure at two kinds of declining temperatures
Yi-Han Liu® Xiu-Li Zhu*",Long Cheng? Yue Yuan’,Guang-Hong Lu?
1. School of Nuclear Science and Engineering, North China Electric Power University
2. School of Physics,Beihang University

Temperature is a significant factor that affects the deuterium (D) behavior in tungsten, one of the most
promising candidates for plasma-facing materials in fusion devices. This work aims to comparatively study
deuterium-induced surface blistering, deuterium retention, and the defect evolution in pristine (W) and
pre-damaged (Pre-W) tungsten exposed to deuterium plasma at two declining temperatures: the high initial
temperature group (HTD), declining from 720 K to 420 K, and the low initial temperature group (LTD), declining
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from 570 K to 370 K.

Surface observation indicates that severe blistering is present on the W with LTD exposure but not on
the W with the HTD. Statistical results indicate that the blister number density on W with LTD exposure is ~2
times that with the HTD. A similar surface observation is noted on the Pre-W: blisters are rarely found after HTD
exposure, but large blisters, ranging from several micrometers to nearly a hundred micrometers, are present after
LTD exposure. Compared to the W sample, the formation of small blisters is suppressed while the large ones are
bigger on the Pre-W, indicating the suppressive effect of pre-damage on the small blisters and the facilitating role
in the large ones. This pre-damage effect is consistent with the previous work, where the plasma exposures were
performed at constant temperatures. Thermal desorption spectra reveal that the HTD exposure reduces the amount
of D retention but introduces a high-temperature desorption peak in W. For the Pre-W, the HTD exposure results
in a lower D retention and lower temperature of desorption peaks. Compared to the W sample, the amount of D
retention is higher in the Pre-W in both LTD and HTD exposure cases. This is understandable since pre-damage
defects act as strong D traps. The difference lies in the amount of D enhancement and the de-trapping energies of
D. Further analysis of D retention based on TMAP simulation will be conducted to help understand the effect of
declining temperature range on D diffusion, trapping, and defect evolution.

The observed differences in D-induced surface blistering and D retention under various
temperature-declining exposures emphasize the importance of temperature range in shaping the behavior of D
aggregation and trapping in both W and Pre-W, along with the influence of pre-damage, contributing to a deeper
understanding of D retention in W under different irradiation conditions.

A03-P55
Revealing the interaction mechanisms of substitutional and interstitial solutes in metals through machine
learning
Kang-Ni He,Rui Wang,Guo-Zheng Feng,Liang Chen,Xiang-Shan Kong*
AR EE MR A BT S 4

The interaction among point defects in metals significantly influence the microstructure and property
evolution of metals, possessing both fundamental research value and practical engineering significance. Tungsten,
with its high melting point, low hydrogen retention, and low sputtering rate, has become a primary candidate
material for the plasma-facing materials of fusion reactors. Using first-principles calculations, we have
systematically established a database of binding energies for the interactions between transition metal solutes and
common light solutes such as hydrogen, oxygen, carbon, and nitrogen in tungsten. Furthermore, we investigated
the solubility and diffusion characteristics of these solutes, providing explanations and guidance for related
experiments. Building upon this foundation, we applied machine learning (ML) methods, utilizing our group’s
accumulated data and literature survey data, to extend the research system from tungsten to other body-centered
cubic (BCC) and face-centered cubic (FCC) metal hosts. Employing wrapper feature selection method, we
systematically optimized the features and, combined with advanced ML interpretation approach SHapley Additive
exPlanations (SHAP), we thoroughly analyzed the complex relationships between binding energy and feature
parameters. This analysis intuitively and quantitatively illustrated the contribution size and direction of various
factors to the binding energy, laying a foundation for the subsequent feature selection of
multi-substitutional-interstitial  solutes and substitutional-interstitial-vacancy clusters. Based on the
aforementioned steps, we have established a high-precision predictive model for solute binding energies in BCC
and FCC metal hosts. This model predicts the binding energy data for 3,542 alloy systems involving
substitutional-interstitial solutes at minimal computational cost.

A03-P56
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AR LA Fa BRI A o ASHIE FE 9 T /KA 2 AR S S IR AR T BB J b L) v () B E

A03-P66
NbzrTi % E A &ERIT AR
TREEIE* . 5 R
S N
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FEGETH O TS5 (FCC) ZE 04 (MPEAS) I FIRIGE B, HmiR e g, mik
UL (BCC) MPEAs (U NbzrTi #:464) FAt B TR il fsoE P A8 7 pifm e 1 e
BRIV ARTAE SRR AR T, MR He WK . Sr 4830 58T B AR IR A A7) 2 1) 20 JHC B2 A 1) Sk )
e EFERNATRIAE NDZITi 4525 (8] B 485 7 1T DU R s Rk R s 1, () i 4S50 4 B i
AT RIS IE ARG~ o AR TARSRH Tl (A BR4AUR 74 NbzZiTi JE&& R a1 (LCO) it
WA AR P U T VT E S o I U DR T R B ARG 5R T LCO FEFERT AR I AR, Mg 1 8] B 1 A &R T4
B IR T RTE I BAZ AN AR K R PR ) 7 AT AR PRI . AHIF FEAIE B T 8 P 80 B 4 R TR 1 I i
G4 LCO FIRE0 SIS A M, X —RWISAE S 1A & MRIRI S2 1, &F E el
H G S B THR I AT SRR

A03-P67
IRIE BRI S RN IREE M BT AR
YA G RAEIE T XIRRGR  EEARRE MRER Y Bz
1. DU R T A B 5 Ak 2 5 S 2
2. FHHERA:

R ik 3R A T R AN 2 SR AR HE () SR MR o SR T, AR AR 2 R A R 3R i B 2 S 80M
BHEREIEL, fRIIEIE BRI 2 R R, BFCARN R4 RAFM S0 (133847 N A A
B REA TR o AT FAE A IR B RGBSt B K A/ I8 (CLF-D)
£ (623~823) K HEHENITBER. ¥ HARNMEGEE: BdUAARRSE FNESBEER, B
WAFE T A MM CLF-L MEMMMEME A RE, 2N ok=2.6x10" exp(-86 (kJ-mol™)/RT)
mol'mPa™s™ fl 6k,=3.78x10° exp(-56 (kJ-mol™)/RT) m*mol™-s™. S2BKI T CLF-1 X/t S i 155 H
B, RNBIEIE A PR JF BB, 5 XAERIR B A (12 (0 LT sl RES A, Jld S R 7 4%
PA-STAH EAEFRE S, FIFHRE P FHERL IS AR S A B 2R A RSB YT, KL CLF-1 84 (1
IRAL R BN R AR EARE~0.78 V) AN (FEfLAE~1.87 eV), il NALES M 5 32 F . XRD
FAE TR, AN]SR A S R A AR 2 51 CLF-1 89 b &R 538 1 32 B LA .

A03-P68
BB THIREX WTaTIVCr SRR 2 & 52 W as M R
e NS

KA T B SRR HR G T WTaTiVCr ME4E =i &4 (RHEAS). fE&&H, R S1 Ti oo
FA T AER B AR, TERCE Ti T 1 s a0 WA Ta Jo 3 U R B A 7E s i, 5o
FILFIM A TR0 077 (BCC) AN Laves #H. JEIEXT ELAES (He) £ TA%E I N WTaTiVCr RHEAS
e W, FRATRILHE ARSI IR FERR e . SR, F TS5 B 1M B 0 2 T S 285 LA B 4 47 X 3k
PR A B S R A T A A SRR ST A BTN . FERRE IR BN 8.1910%° m I, WTaTiVCr RHEAS
A2l W R T EMEE R T 582 R . 2458 I B N3] 1.16>10%° m? I, RHEAS [¥] BCC Afl
T HEREENRELEN, M Ti AP EZERR T 56 KBTS ERELEN, M54 w
RIEMAREL AL FFFARR, IR R R T 56 28500 3 [ R 3E T 3R T SR AN 9K 28 T L
i B F 2 AR R TR SRR AR TR I L . S5 TAH RS S TR N ral W
FHEL, RHEAs B EHVRE/N . i, 4 W R HE KR Z) 202 T8O % E He 263 1Rk
SRR KR ER RN BT,
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A03-P69

FH—MEHEI Be 7£ Mo (110) RERHIWM, T EFRETHN
AR . XIBAR*
& K

RNERRSE (Be) ZRFEEH (Mo) R MIPIEAT AT Mo fENFER B e e B 5 — Sk S H B
AR B E L AN A —MEEH R T, KRG T Be JRT7E Mo(110)3 [ A i 3 [ X I 1) #4
JIRGENE. ¥ BUT ARG &5 R AR . Be i FIRFHT Mo(110)3K 1H Hollow {7 & fifa e, Fi%E Be Ji
TR BEAF3E 0, PS50 B e 2 s/ B R IR B AN Be T T 7E AN AHAT Y Hollow
MBI <L Mg Gt , HES AR B LR 550518 0.46 eV F12.26 A. £4 Be J&F1£ Mo(110)%
it ) T4 6 SRR R Ben (4175, IX SE A 1% LLRSPAT DU i R S5 M HE H BAEE R 45668 7 Mo(110)
IERARNXIRILE, MEWRET Be Er#Mim T 54 OIS A7 E. MEFMIREIM, AT T Be
JRF R R Re . SE R TTRRVA AR R LA R AR T F DTRRVA MR R SE S IOR R, TR WU K /NG AR A
#, Be 7£ Mo(110)ix £ HiA AN X8 LJZE OIS 7] BRA7 MV AR BE 1= Bk B T 45 KA R BE R 5Tk - Be 7£ Mo(110)
TR E BT B 4% N Hollow—Bridge—Hollow, H3 HiAE£2 4 0.57 eV 1 W T [ 4kt
H BT ¥ #8124 Hollow—OIS 1 —»0IS2—0IS3—0IS4—0IS5, HAHM 3 B AE 2273 7~ 3.69 eV .0.46 eV
0.93eV. 0.55eV f10.65eV; NN G, HEETRHEN OIS-TIS—O0IS, Hi#imE2 N 0.72eV,
EARFEE N, Be JRTHIT BUR B 1R B A 3G Iz il 176 AAE Mo 1R R 9 BUR S Be-Be JELFX}
15 2l 2R 30l )2 I GEE 2il 28 3il ZEABIT) fFAEREERES 5508 1.96 A F11.93 A I Hki A
B KSR M 1.10 eV 1 1.20 eV. [FRf, Be-Be i TXf 2 [AIFEE/NT~3.80 AR, BAIZIAMKLE &
REXS A IEAE, BRI Be-Be JE X (1 8 K A F B 25 Y0 Bl o ~3.80 A; it T #4855 )2 2 [H] Be-Be J5 74 (1)
GhE, BATRIY AT 3il 55 4th P4 Be Ji5 (ED 4th-3il Be-Be Xf) BB R KWL GHE. £ Be Ji
TR R X RN, Ben BN S HEITLAR Mo JR IR F5A% . XL 745 BN T Mo 1ERE—
BEMPRME BRI A BT A BB B T SR it T IR RO B (K5

A03-P70
SE— 1k SRR SUBAELE P REB AR EAT N A R LA E (R BR AR
SR AR ARG, ZEBL MM IR, whaE
M & KRR 5% TR b

B (Be) TESEESTAEEIRE M REAT NN A RELLETRH (Mo) BAEZERE . FAHE M5
PR A G R, B T B TP R R A AL, ROV T AL AN E (A1 (SIAS) [RREI o
TERBUZ G, Mo ' Be-Be X 455G BE B RUR 32 22 FL A B I A 85 B R (1) o T FRATT P
BRTEZR, AOWEH T Mo H1'E Be XIEHIEIERAENG]: Be T HERELMBRNIE, K Be,
%4 Be J T HUA 2] 6 AN, BATT B —ANERL R S50, BURH O F) Mo 57, 7225 BesV %1 SIA.
AR YA B, LTI TEZ Be i, MAKAE KK BeV Fl Bey-SIA i%. B4 Be,-SIA FERIZIK,
&R Be HrHBUR T HZH Mo i, 774 TASMNE SIAs FIZEAL, Ffidt— 0453k T Be,-SIA I Be,V f%
M. X — T FE 4 38 Mo PIERE Be XS A o« FRATHIIT 78 45 S A HEE Mo 1E N8 —Bid k2
U7 EE BRSO, RONER IR T S JE T A T AT AR T A E I R DL AR

A03-P71
ETHLEES MTP SR ¥t 7588 & S LSBT N
wmgq wei. gi wang*

[ TRV PR TE B A4 R
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T 1 RS T AR H AT O] B LN T T T A SR A I8 ) 8 [ ) 45 8 AR T AR 2B R L
R St (GBs) AR DUy HUR A2 BB AT R AL 25 R ST R 2 . AERX TR T, ATt
FEFENFR T AR ES (BN MTP-GBs-WH), i KI5 2 1 A B A Bl 2 B2 o
BB HIREE, (HRRSE R T ERCE . RGHEI T 8 M EAMRIER GB 454, #Hx /29 BusiLagisn
iy [T AR GB S5 FRFAE . § HUE AL AERE GB Voronoi R 13 KM/, Bl GB fig = (13 KiK.
FATPE B G 73 iz 1 PR 1 B A b L] . B B AR ST S5 P A< S R R R 36 5 AR L 42 1) o
TR AR AR HE S T SR R S A A, FRATTUER 1 R AR RE22 7] LLAA GB 4544
W . XL T GB LR R AN S ia 2 [ AH BLAE F 4 T R 5 AP B AR, 9 oR R BRAR I b
PSRBT I PP AL 1A B DA

ABSTRACT: Understanding hydrogen transport and retention mechanisms in tungsten is critical for
developing robust plasma-facing materials for nuclear fusion applications. Grain boundaries (GBs) in tungsten
significantly influence hydrogen mobility by serving either as rapid diffusion pathways or as deep trapping sites.
In this study, we develop a tailored moment tensor potential (termed as MTP-GBs-WH) through active learning,
enabling large-scale molecular dynamics simulations with near-density-functional-theory accuracy but
dramatically enhanced computational efficiency. Systematic simulations of eight representative GB structures
reveal a wide spectrum of hydrogen diffusion activation energies, reflecting diverse GB structural characteristics.
A strong correlation emerges: diffusion activation energies decrease with increasing GB Voronoi volume and
increase with rising GB energy. Our detailed structural analyses uncover two primary hydrogen transport
mechanisms: “basin hopping” within isolated potential wells and “planar migration” through interconnected
channels. Employing nudged elastic band calculations complemented by local structural analyses, we demonstrate
that hydrogen migration paths and energetic barriers can be interpreted from GB structures. These findings
provide a comprehensive atomic-level understanding of the interplay between GB geometry and hydrogen
transport, offering valuable insights for the design and evaluation of tungsten-based materials in future fusion
reactors.

A03-P72
Identifying optimal metallic solutes for stabilizing and strengthening uranium twin-boundaries a
high-throughput computational approach
Guoging Zhang*
Institute of Materials, China Academy of Engineering Physics

Twin boundaries (TBs) significantly influence the mechanical properties and corrosion behavior of uranium
alloys, yet strategies to enhance their stability and strength remain poorly understood. Here, we systematically
investigate the segregation behavior and strengthening effects of 29 metallic solutes at the a-U (130) TB using
high-throughput first-principles calculations. By analyzing local atomic cluster structures and segregation energies,
we identify clear periodic trends in segregation energies across 3d, 4d, and 5d transition-metal series, primarily
driven by atomic size mismatch and chemical bonding interactions. Quantitative correlations between segregation
energies and atomic-scale descriptors are established to elucidate segregation mechanisms. Through
high-throughput computational screening, several solutes (Re, Os, Ti, Nb, Hf, Ta, and W) are identified as as
optimal solute candidates that effectively enhance TB cohesion and mechanical properties. These findings provide
a fundamental atomic-scale understanding and practical guidelines for designing uranium alloys with enhanced
TB stability and mechanical performance.

A03-P73
BIRERENY EME) EARFEIRT KBS /EHR
F DU BEAAR. B4 A
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Hh B TREPEERIE TR L T AR T AT

PRAZ I NHEAE N e A% B R GE N R FETT I, a5 b ae 7y 5 HLR 4 R aF I Rse TR 12
WA R T R R, EAC (YH2) SEfHm AR T R R IR B E RS, BB &R A
WYHBAINA J155 4% . BT BHEN MRy, WA RPN R R A 1A’ 4
PG ILAEHER A AR R AR AR Ay B 2R

ASCH PR AL . SR S SRR % T ERGPUREN (YH2) Fidh, @t 7 esid
T PR ot A ) IS g AR TG R RSO AR . SR AV -FAREE (TG-TDS) HRBIFFE 1 S SR Ml
FALEA S BRSO EE R, a8 X AT (XRD). X HEILH TRENE (XPS)
AR T BT (SEMD SERAERAR DT 7RSI A PR IARSS ) SRS . SEIRERERY], SR
FOPBEEAT N EA BN, IR MRS, YH2 RS IS Ao T, Foltan ke
SRR AN, RIS i TR U AU, (et 7E R H, BB A 2 A G B i A% -
ARG S A I il 2 o0 EE AR B, SO RN EA R R O R 2 2, Al SO R A
RCAR I IARE E TE o

A03-P74
ZAXT AINDTIZr/Zr ST #8 e YERS A 1 25 — M IR BT 5T
EHH L LR B BRI  OBRR L BRSO DR R
1. T ERSh I 5T B
2. WA B TR

2 AINDTIZr iR )2 HAEAEGRFARE, AINDTIZr/Zr S st Five ge 2 KA B2 A8 0. SR, BREEXT FEim
A e = E mVEAL,  SCIRHT A 4 R AR AE DUFR T S S M B AR TAE I 5 — 1 R ER SR A
T BA AR A B A A A T B BE R AINDTIZe/Zr SR S50y,  FEa i &4k L BEFIRS I Th Sk mF 58 5t
M4 A RErE. HHE, VacZr (Zr 20670) 1) VFE {5 A AR EL A4l Zr s vy, o LB I i
XERE BB E N TSR, R T Zr ESEMYIRPURR MR . B SAR T R, S
LS RESE =, AR IR T58 8 M. Rk, eI AR E AR e, XEME =0 HI 53 T S r
EME. AL, B VacAl (Al B0 ISR & f e . nf LAHEWT, 7Esciamt s, MRERD
WEFHAL Al SOLEREE . IRIE AT TSR, SEATSARIFTAL, 5658 S mALm) s EHEFR R
WO, A, Al-p 5 Zr-eg Al Zr-t2g FUE R /A R, ERERMAAMAETE R B FRE, &£
WA 2B S iR . X 2DAE I T 2SO I8 T S A A AR e . H AT 45 R A I AR e M A N
TR0 AINDTIZr/Zr S R s At 1 DLAR, %) Zr & &5 s 2 i BAA 2R

A03-P75
i Cr REAEH Mo JLRX mERF A4 K3 B M LEHT 7t

FLEERL. EHH. R

H % ) i B B

AR —Ph B RS R T T AT RFERARIR, R AR T A B AR AT SRR A 8T e i) ) SRR —
RN FEFREZ TR UL AL OV e T BHE [ S HE s m 56 3 S 14T 87 MORHR HE P IR A3 1
RE EIEYUE T RSHERI U A 22 e o PEREAE B AR IRRIEL SE 4 B HR ORUE A% 5 B HE 22 421847 1) R i) i
Z =, FFRE BN F RO R R RHE R BT 2 VI E R . 42KhNM 854854 4 DL B 0 sl b s i
PE R EE A IV . B I IR AR A bR R R, AE IR T B S AR ] R R IR Aok
o (H7E Mo JGEAE G & ot RUBRBA 17 A2 K B LB M ANTE 2 o AT UK R 28— 1 s B 5 v AN 22 gt
SFEINIFINEE T BRI IEF A ALY Bihe L3 B 22 . F R T foo &8 1 SIA 7S PG GExt FRpg AL .
541 (C). BEZ T-<100>MF#4(S100). BE %4 T-<110>M7 44 (S110). B %4 1<111>Mp44(S111). J\THIA(0). 1Y
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A (T)o THHE SR B REE2L1-<100>ME 42 (S100) 5 A A2 E TR UBEZ) N 3.936 eV, Mo JEFHIIA, FEK TIE
HBEZE 3.500 eV, {FH ARG, HABEEZLT-<100>M 44 (S100)47 iy Bk, #42 H 78 Mo JR T 1EER Y
0.386 eV [#{k 4 0.238 eV, HEHEGY #l. RAZM) TN )15 T7555 00 T K AERAREER Mo JTz %
SREEIEA A e, RS, JOR BLE BIHEIRAS T, Mo fA7EMIZE T~ HBLE Z 10 BkEs, IR E 2
BB ORAETE Z ME A, RSHE AR SR8 XK Mo TGRAEMIER T, 2K
SRR GV, (BWHEREST BRER S .

A03-P76
ETHBIE GTN BAEK oCr SkE /5 RN TR K554 Wi R
AR RSO AR KL SR, WUEIE, B
HERE R R

9Cr BREARIL IR (FMD AW S O PUAR IIAK BE /0« il 3 DL AP 5 RE . O 2
T SeRE A% S NSRRI BT o SRIMT, S SR A i BT B (R IR B SR = S A BRI Ak, it
S N HE 2 A 1™ B o H ATERG 9Cr FM A Fh AR I IR e b 4R D J A SER B 528 AN A2
PR b 5 S 7 A 2 R AR TR S B D W R . A48 GTN BERSUE A T N ) =B Bk A, ik
RAHR B VIS (iR R & Lode ZHIfER] . ASCSIN T — M@ B 21E GTN A, JFf5gi—
FiCHr FIAL AL S REAL TR, S AR N AR BEARAT N A S I, B I 4R EGT By 5-20 dpa ) 9Cr FM
PRI HE AT S G, e T GTN S AUNAHE, i 1 Al 25 RS E MRS, (R H 0 i A, 2k
T RGPS I = 105 it W R IE SEI B REAT ARG IR o AR LLAS B PR F A g AR 2 DA R S i 28 £
o 26 5 S e = 5 — B8 78 0 R WA el R BE 6 AR AN [R]AR TR 5 16 2 1 R MR 3 BE AR AR TR e 457
DiliEAT . 4t GTN SHIMIBEE S AL DRV TR & HR IR DR R B AR A K
BSHIT, VRIS 9Cr FM AN 7 Wi 2 A 5 TRE PG SR At 1 B 4% .

A03-P77
ET 3D-DIC FiEIHE oOCr BREM/S RIS BR + FRERE M
KL SR Mg Y e B 2
1. P EBEEHEA RS
2. TR GRI LT
OCr BRI KA (FIM) R BA RIFHduie I K MG AR SR Re . BN R S i i S HE 1Y) 3 Ak
EAETIARL . fERBIHESR . SRR E RS T, 9Cr-FIM AN RFE IR A 8N 2 2, MRHIKHT R
SURFY RIREJIPEE, RICABI R M PR . SR BEAE S T OB R E R, s R RN R —
SERUR M, TR A & TR, RIS IR RS A I i L JE UL R W e . = e G A ¢
(3D-DIC) 1ER—Fh s Arill & 7772, AT DUORE B I E A i 3 T 1) 28y e ARSI Yy o ARSCRA =M (13K
FEE RMALOEF MR MHEE T TR IRATE 9OCr-FIM NI HEFR S B Rt AT 7R AE .
it 3D-DIC FREXL 7 4R AR HT /G 9Cr-FIM ANTE = U il Se 58 v AL RS B A AR ALy el o, o rb il (1) /)
MALF (LLD) TR B AIR MR LGE MBI T 5, iz (BD) F T KB R THE .
@ RAY RN RR, TR E AR FIRLY RN, MM E IR By s
MARIEE (BEE 350°C) SR IEA R THE K. K =F3ET 3D-DIC FAFHIMZPIMELS RidtiT T H
BhT. d5RRM, XTHEESE 9Cr-FIM AW, —Fhikiiis gt AR, RINALUETT e SR fh4E s
FES RS, BT FEWT I, (RDRh T 7E a7 S A o et S50 /2 2 A7 B A B S B
ETENEMRIRLGY RNA R, HAERSY R-MB KR, BT AAb B R4 H AN [H
9Cr-FIM “BIM KL 2 7

A03-P78
EAST 3 B (WIS 44950 58 A E AL R AT T FRIERO51T ABEIT
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FEVE Y2 Rt AROE . EEYSL TELY. BRfkus !
1. E R A B R RS2 50 b 45 B T A BB 9T i
2. PEBFZEHARKNE
3. R

EAST. WEST. ITER &5 KRFEF 5 ook B #0R 27 & RSB F (WICu monoblock) v #%
ARG, I HL T AR S BTSRRI RGE TR, A S/ CFETR.BSET &5 Ak I AL HERE B h[1].
I ZHHA4E, J9PrAl monoblock 45 F4 AR MEREML 1 KB G i i AU ik, A S SRR B P aGE
PEBEIEA N 10 MW/m® R 5000 XAEFRAT 20 MW/m® T 300 WFAEFF[2]. B4R WICU monoblock #B147E 4 i
SEES B T IS EUR A I (B TR v R B A BB IR AR 52 4%, monoblock 7E R AR
R IR R I EIR 2 K 0. EAST 25 B 7F 2021 EHFFSLIGHTRE N (i a4 KT AR K 43 5 Ay
monoblock ##E, H iz —m2 A 7k monoblock #EAEFE R 5 o SR FGR 2614 R HI IR A

2021 4, HAKEMA (1.5 mm =17 mm) FIZEMALITER 1) W/CU BAAB 2244 7E EAST ik #5 /K40
R b A ) 337K 7% W/CU monoblock S5 F 2L ITER 2Rk i (i &5 I8 45 I BT, W] DARRAIGERAR K
AEIELEIRER, EE TR S EBHABSRAI . St = IREE FRIEE), 214436 A B FRRK S, F
JE TR T IR AR, ARESERIE R RERE RN RS PRIRZREUN HoA S R 45
o 105 B 1A B PGl B IR [ A2 (0] ) AR R BE B VAR OR . AERZKIX IR, ZMALLUZ AR B NI
IAVENIAR SRR, TMCRAUE b S A SR BMETEREL. il T I RIS A R4, PORZRSER I
DU RRAS R TS AL . ARSI MR 2 3 R A (AGG), FRRLRT AR R 7.1 mm,
ST ALY AR SRR LA 5, N UsR B B AR, BT SR BIPERRAR . Mefuhginss. Jamies(w)Mmik z
B2 B (C)FE M i AR B T P LUSOBE TR LA 85 (WoC) o

EAST T3t ay W/Cu HLARHR (X MR Jyix L6 384B0 ITER ) W/Cu B AR B i) fi FH PR RE SR it 1 B2 WL
fift, FTRAJY ITER H1H At 2838 s W HE RS B 1) R A Ad FH i ik B B 225 08

[1] Pitts, R. A. ,et al, A full tungsten divertor for ITER: Physics issues and design status J. Nucl. Mater,
2013, 438, S48.

[2] Hirai, T. et al, Status of technology R&D for the ITER tungsten divertor monoblock J. Nucl. Mater,
2015, 463, 1248.

A03-P79
5 R R ot S B - A R R M L2 0 2 ROBEAR AR
WA ML IRIEUR VAL A
1. P ERREBE A LA ORI T B ] A BRI 7T
2. PEBFEERAR KA TER R B 5B

WE: FERARNHES, T R 55 B TR RHE IR AR o 2 2 Bl s e i h 7 AR R sl S 5 O
IAIZD HsREE T, SERPR R A SR, 2 im SR ™ E R A AV R IR AL SRR B o X rh
R WM R R R 5 A R R R R, TSRS A R T RETE, R SPECTRA_PKA FE /7 it 5
IR AL R1 (PKADRERS, FI ] IM3D A1 MMonCa F2 /5 73 il A5 400471 25 i et 43 5 AN sk g Js A b LA 4T,
FERJE T RS TDS-DT R e i B S KT, AR 1 & i 2 R 7 757 -
ARG FT T 7 B R 107 A T e HO S B L P PR AR R, R B T R A 7 A B K R A A
RIS H OB, BORIIEIN T H AER AL (3 i K BR80T ™ R 5.
U AR T3 Y2 RIIF FC 45 AT T 7 58 255 AR ) o R N BT S B B R 3

A03-P80
5 U B B AR Bl ) A
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5y N &
H RS A B S it 5 e LA P BRI 5 B

AR (HIs) iR RARE 8 (W) FE 558 e (PFMs) #— NSRBI . fliss
K4, RS0 2 A BR G- HE (DLs) AT (GBS, % HI ZE W A (1w (s B AR AT 9 3552 . SR
BIA ) DLs M1 GBs HM#AT 17 0k FER R TC i i B S R B HIs MR B IR . R, JRATTHR T — i
T A SE R PR I SR R DA Sk A% G RO AR B 0 2R, B, TR RE il & (D) AN W s
D AN B ATy, #9315 S0 B — SN 0 BB ANRE M . BEFURIL: WS D RRFIRIK
FERTAA, fAE—MnFEATEE (102 m2): (RTIZERN, WMXIEEEALRTERX, §7ES
EREEHT GBs X D B F R R AR Tz B A X JE B RAL, X2 BT GBs A7 3R B = M N
(¥ D, RHIEIHET D WA EZ 1T GBs % D AMRAFEIR. HeTIFIRAL R, JI5E Oy SR A HE 1 7 45 15
R ZE SR A ERWSESE 7 Ey Al MNP N

A03-P81
SIOC M&EHREANERTHA SiC ARSI R FHERE A8 7 TH M
TR RERL BOUE L ZEE N kEFE A FRI
1. hEBER A BT, JLBH, 10016, LT TLBHTE IR X SO 72 5
2. TP rE AT TP, RRER, 610041, DY )14 AR T O X PE i s 18 B % 5 5

BETER 2 A M R SR AR HE ST AU & 2 B 3P R R B R 22—, SIC AN PURIR = B9 3 TR R,
HSRIE N Z 18 AR AR BC T, BT Tl vt — P A i AR BCH) SIOC P Bei /2 K el i b 57t 2
MRHEERNEE . B &8 A MU SAHTT (MOCVD) $HARTE CLF-1 84 i Bl 4 T SiOC iRz, If
X HAO A A2 M PTAGRIEREREAT 1 RGRAL. L ml 1, SIOC iRZ4E 1050°CHIIR T
BUR WO R BRI S 80, 2P, JREZ08 4um, S s 2 400nm ECE Cr0-3 1L
2, FREMR TIRESEEN K RECE T XPS 4R ERIRENT Si-0 i EFHAL, NS RR
KAV T 25 450, X FhE O G54 58 BU= I Cr JURME T Si-O-Cr MBS Ria, BEW IR
JREEER S G 20d 50 AVIEA ARG, IRIZARHIUTR, S sUiE IS, Ja R
RN IR A G MU 11%, JEIL 7R M PTAVR MR I AS S VERE . AR TTA AR, A
MOCVD #i A5 ) SIOC k)= 78 AL ey i A I A A B b A U 25 S PERe, Iy PRl =
PIVAERE SIC AR AL A A St S A et AR RV e, D 3R B T 17 S5 88 7 AR A A 1 e v S 173 S i

A03-P82
N %F 12Cr FARUBRR A/ D AR R IR RN S RIS
LN 1195 NI 3: N &</ RN S CRNEE -
16K MRRRE S TR B
2. WPERFEBEE BT WS SRR R O
3. PFEBAB SR MRS R SRR =

PR FHER F A PR TR AR E i IR A B N R R, I IR UG R DMEE MX AR A
HE MoaCo BRAAN = A B FISRAAE ] o ASTIAR FE £ 0T —FoBi B 12Cr Bk 31K/ 5 IRIATT AN, R0 TR
& (0.02wt.%. 0.06wt.%. 0.10wt.%. 0.15Wt.%) X% 84k HAN i) A aH 23 1 J e RE R s J A . o
FEEREY, HATEM, MR MC BRI DR NHR, MaCe M 174nm 352 315nm,
MX AAT G, MR TSN R R, BN AR ETIE N, BB soRER . e 2
JeFta B S W2 N 0.02wt. %3 2= 0.10wt. %o, H7 Lk A0 I == IR by 5 B L J IR G FE 43 1) B 948 MPa.
790 MPa #£7+% 1041 MPa 1 873 MPa, 630°C/230MPa fFAFfir il 124 h KIEZEKZE 1112 h; R S8k
— MG 0.15Wt.9l), PrhrsmBE. e RGREEARE A ZG a4 ) R %% 985 MPa. 774 MPa Al 73 h. PEREH)HE
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FHEFE AL MC FHFESH, fE8E MX AIFTH, 4R, RIS $0H] MasCe it FEFHAL; {HE %Rl (0.15wWt.%)
i, BN B SR SFREIE ., B i KETHKE, MyCoid FEMALBISET FLRN, SE AR, WEFC R,
FEHI R S BN 0.06Wt.%—0.10wt. %l , 35 4k T AW A e HA S5 1 o e o B2 AN BT A 1 R

A03-P83
¥R A GH3535 S4BT AT
ST B TKEIE. METE.

v [ ol 2 3 I BT 7T BT

WM G R AR KB SR SRR M — R B S, s Eh R AR gt T
REMIE T 2. BAEESS A MM EIENUMERE . T9a &8 MR b4 IR R, AR N Lk
VA SR HERR IR SR RL 2 — o ARBFFUR FHIE X BOBKEL (Selective laser melting, SLMD HiAR, @it it
RIS E, IhHlfE T A iE GH3535 & & it i, T2 RERIEF B (W1 SEM. EBSD. EDS
AT TEM 25, BRI B AGRRGANE G G4 S0/ 5 FURIHT HAHSE), R i Al gt —
IR T HAR R B IRGEREE (29 700MPa) FIHTH5RE (2] 900MPa). AP G #1 filid GH3535 & 4 15
EHTIERMEREIR T, JPR TS FRESEE . ETYoRERNARSE R, RIUEMHE GH3535 &4
(50dpa HITETLE N 60.85%) FHE: T4 41451 GH3535 &4 (10dpa HIMETLE Ny 172.55%) EA HE I HIPT
EIRAEILEE /). JRlE TEM MG T mia i & MR G SEERIE R, FIH DBH B85 i
RSG5 SR e B . BFFEER I, MG GH3535 & &SR ARMES M, T 7 HAR T s
MRIELLRE J1, FEWID T 7 AR T 1 45 0 -4 FR B - 7 25 At B 1) G BRI . ANHIF U N3 i1 GH3535 &4
PITOEE A 772 M RE AR B AT 3R A T SC00 4t , 0 YA & R AE NS #h 3 I R 5 R A Bt T ik

A03-P84
First Principles study on Embrittlement Behavior of Gadolinium-doped Nickel Grain Boundaries
Feifei Zhang"?? Ali Wen'* Boyuan Ning™* Dongbo Xiong®*,Xue Hai**° Chunyan Zou"? Jingen Chen"? Ping
Huai'*®’ Cuilan Ren**??
1. Shanghai Institute of Applied Physics
2. University of Chinese Academy of Sciences
3. State Key Laboratory of Thorium Energy, Shanghai Institute of Applied Physics
4. Institute of High Energy Physics, Chinese Academy of Sciences
5. Center for Transformative Science, ShanghaiTech University
6. Shanghai High Repetition Rate XFEL and Extreme Light Facility (SHINE)
7. Shanghai Advanced Research Institute, Chinese Academy of Sciences

Understanding the microstructure and mechanical properties of Gadolinium (Gd) doped nickel grain
boundaries (GBs) is essential to enhance the service performance of structural materials. The structural stability
and mechanical properties of typical X3, X5, X9 and £11 GBs in Gd-doped nickel alloys were systematically
calculated by first-principle method. The results indicate that Gd has the capacity to segregate for all four GBs.
Notably, its susceptibility to segregation is heightened at the X5 and X9 GBs. By analyzing the brittle effect
through Rice-Wang model, it is determined that Gd has a brittle effect on all four GBs, which originates from both
mechanical and chemical components. The mechanical component arises from weakened bonding due to
increased bond length. The chemical component intensifies embrittlement at the £3 and 11 GBs, while
mitigating it at the £5 and X9 GBs, which is mainly due to covalent bond formation. First-principles tensile tests
showed that Gd doping causes a decrease in GB fracture energy and theoretical tensile strength. This work
elucidated the microscopic embrittlement mechanism influence of Gd on the GBs of nickel alloys, which can
provide reliable theoretical guidance for design and optimization as well as structural modulation of high-stable
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nickel alloys.

A03-P85
BEITLEXT Ni-20W-6Cr &&EA FIRE TR 4K mH
SRULH B2 XIFEMG T R
1. R B i N R Y EL A S A
2. ERbE R

WA T AN FEHR(ND) & & ) Ni-20W-6Cr &4 7E 750C Al 850C N 52 500 /Nt 5 I OM 45 F T 48
ZERFKW], 78 7T50THF, % 2 wt.%Al 4 wt.% Nb [f1&&H i T MC B4k, 1+ 6 wt.% Nb [f1& &+
BT &R y" M. #E 850T I, 75 2 wt.% Nb & & ARMEL R i), & 4 wt.% Nb K& &t 7 MC
WAL, e 6 wt.% Nb (EERRL T v"R1 & #H. Z55REW, EEAHIN Nb JCRIEHE T MC BRI T
H, T E R Nb SR UMEHE T Ni3M (v &) AHIIATH . IR TR 2 R MC Btk mge e i, it
& FHEIHTH .

A03-P86
EEITLR Mo M W 836 7 MR S Eh i T R
BRI, #hE. e
L DB S P

S EE(NaCI-KCI-MgCL) B A 15 UK b miim il A B R RN ARS8 20 a1, ORI KA
RE RS TR (HTR) A AN T (TES) IR M B . B A 0B & RGP I T SRS i, & B A
ReAL i S AP TR R AR IR 2 CT 700C, 7ETE SRS T M AR &4 N —REJCRBIRE R AR T
— BRSPS . STz, BRER G & B U BN REAN I v, BRIk I SR R B S 4
ESER SR R T TR H H,O0. Oy HCI Z528 i 51N, FEG 4 Cr G, &4t % Mo F
W TE 5 s F2 AR () B AR F A R . A Tl I SO ER R RN IR T SE IS S A O i, XS b
Ni-W-Cr £ 4>(GH3539) 1 Ni-Mo-Cr 4 4 (GH3535)7£ 800 T @ %11 N NaCI-KCI-MgCl, & & 7 (i A7 My,
i T B4 05 (Mo Ml W) OS5 M R -& B AT N Z AR G &R . 55 GH3535 #HEL, GH3539 & 432 H i)
JE R . A TC R A MeC M B Cr A AN Bl AESEET, W EE Mo X BUR, S
# GH3539 [ fi ik b GH3535 B2 . @I ILIA 72, AR Mo/W Jo 20 BR 35 i I 20 J35 Ty 52 AL
il WG AR TR — e R SR

A03-P87
NiCrAlYSi BREXHAZHER GH3535 44ht Te B AR ML MBI
SRS VP BV T A L B
1. AR B N R L TR
2. FERERERE
3. LRI
4. i ERL RS R T T

Wt BRSO HEFE NSRS DA HE BE RS2 —, IR RIBAT . ALk MR TR
SEMH M. AT, (F S REIEL A B GH3535 & /R I RAFA iR /1A TERE . 5
PhEAL R AR . SR, A SIS AT IR T AR R Te KB IE MR IR, %R
R AR R . 7F GH3535 &4 HiE &AM Cry Al Y. La %54 i yc RABWE G B Te 8. (H# &4
TERAFAE A S A R, (R, @I AR & e R AN BT R i 28 rh e REAT A A P e
(1 MCrAlY BRIz, A% 2 oo RINER G Rt — 4l Te 7Rk,

66



H E M KK £ 2025 A03. ATkl

AHE TR R T 454 R/E GH3535 & &34 L#l& T NiCrAlYSE 2. #— SR 7T
NiCrAlYSi i ZFEf7E 800 °C T, 43 5/4bT 0 mglem?. 0.5 mg/em?. 1.0 mg/cm?®. 2.0 mg/cm?® #1 4.0 mg/cm?
TR ) Te 287550 E R 1 100 h (¥ Te Z87RR BT MikE8 . S5 RW, EAF TeRE T, Te 7£
NiCrAlYSi i 2 I BUR /N T 20 pm, 2 Z KT HAE GH3535 & PN BUREE . BbAh, JUID Te K
JE R BIRE SRR R R ISR . ZIRIE T LE 9K /N AR 45 b L U i Cr 2t T i
JZRTECH ) CraTe, KIZTER, XM T Te db—25 N4 H#L, MM & 328/ GH3535 $1 Te 5504 (1 T 24k
fE

BAh, ERFF T RERESCE 800 °C, PRt Te WREF (1.0 mg/lcm® Te A1 2.0 mg/em® Te), %k 100h.
500h. 1000h. 3000h ARl K JE RO AT AR, FF1FAh 1 4E 700 °C FiZiRZ T FLINaK 4 & 5t ol
PERE. SRR Te ¥ B BB N U RIS I AR K, R CraTe, EE MR NS, (HFE B h
R IR RAESIL . WEBGIREFIRZENEEE Cr (et TN CraTe, [ CriTeg (EEARH [F1IR)Z A 51
B Te J5F, BEFM Y BERERIAR AT BLH Te JHEK YTe #H. 8L REIR, ERMWIE G
500 h J&, WENMEAERKEBMILE. X2EHTRERREETTE (W Cry AD 555 R AE Sf
SE MRS, INTINSE T RS it F2 . BbAh, ms B0 e TR T R, DS T IRZ P
g

A03-P88
700°C FIBEAF CVD BRIGEERIE AT A

EoE TNV (E N 75 0 N ¥ -

Hh AR L S P ) R ST

HJ S NEHE (MSR) A8 A3 B A Tk M 8 BB B (R AV 2L B R R 22 RV IR ML HEBE T, JE I HE T ] (14
KRR o AP IR RE I i M I BT B R E B, (R, RTINS CVD BRALEERE S AT
TAE T00°CHITRAS BRI i SL e, FFH T AN (4 BN CVD BRALIE IS LR f 520 . BT TR 8L, CVD
At h A R SR AL SE AR I B 73 G5 SRR, A (R U O BR AR A P R R S . XPS
Jeil s PR OCTE AL S SN T A E R s, AR SRR R RENS SR AL RE K AL RER T Y Si-O
SEREBE, AERE NapO nSiO, MIf 52, Na20 nSiO2 FIVA MRS IN 1 AN e T R . Bl SR PR EE 1Y
G R SR T REMIER B B Pt R T ) Ay SR AR P DL AN R T SR AR BE X T o, JF B T CVD
B A TR ) 2 T

A03-P89
BE MmN RE FMBAAT IR
B R, s xRk
o R} 22 e N D B 7 BT

BIEA L (Ni-17Mo-7Cr) R B AA S it R, SIS SR MESC R ik S5 /M ) . SR, 76 AR
o, e 5T RAEBES RN AREE T AT, SR TR TR SR R AL R R,
SEGR A EEN. HET EBSD 40#T, AW T 11 FUEA R E AL PEE RS, FIH ST
SRR N i AU B AR AL 5] N 4000 appm ¥ AU SUR T IEHEIT 400 ps () NPT R 455t
B SR FAEANF b S R ERAT . S5 RH: BEAE M RenIssm, A2k RER S, A B%/
AT N TR R N . A IOIERELAE SR, R FIB B AR MR He B 74818 (700°C, 3E16 ions/cm2
500 keV) FIAFEFHERICEL & 234 29, =11 A Z15 f Ft i TEM B TRAE. SRR R, ZUERRN
AR AR AR R/ NI, O 23> 211 > X9 > 215, i HHE R R IR ER, 5 MD B Rk
AN RS S G R S AT AT TR, SR SR AN AN SRR s, BER
BET A A BRI, SRS RIEIREE; FIR, SRR AR BUR R UK, T AR, TE K
TR B NSRRI . AT B AR b A SR BT O S R 4 R I R BB TR IR
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FRAL T GBI, JRNIRT MM R R RN S M2 e 1 BB AR

A03-P90
700°CHEFHF I T RUTREIRE S 347H NHENA AL & ST R T ET BAT AFTA
FFREE. By
HRHE L it N VBRI S i

K5 ERAZRONEHEAE 9 v B RE R, HAZ SR N HELE it A BN 384T, RAPRHIR B il it EoR W .
IR ERA BT, 347TH AEM G KA. B L E Bon R, TERE T IR, BURZERIH SRR ST
R AR E M, OV B EE AT NI SRR S S ER S WOWE ATy, iRy . S
SR TS ANTE T o AT T I A T A% BN HE [ ¢ o vy Tl SR PR B XT 347H AR AN kit Je e i
ML EHIEBRIRE, RN AR S iR SR 20 T RS 80 S B AT 9. W LS Raas 1A Z [E )
MEY B s R AR BT, X AT RER T SRS BOd e o B i i, Besh, &
HPRBSERENRZ, et TR (MnS) [fril, 2P BORRRNIBORE . [N, SR
VIBHETR R R IL T — BB R, 3X R (A T3l i A 2 1 OCH A EH . XSRS
TER, BRoas] TR M8, BEME]T 347TH DN SR SR R . IR NP ARIX LE T R
JE A SRR, IR IR IR it RTHIRR IR T Pk B DA S SRS 5 N 3 [0 56 R AH SRR
A B Z R IR SRR .

A03-P91
%t Cri2MoV SRR AT AT
BN 2L AR
1. FE T Rekt b
2. Rk

B IVRE AR AN SRHERZ MR T A S AL SRR R A R 5E A RE-Cri2MoV 4N SRR
TR Z B AR AR B EE RS SRR TE R, BRI EART Cri2MoV AR AN 78 73 mT REAE B = AR 2t T 5
M) 5z JaB ARk B A PN M (A AV O T W FL4ont Cri2MoV AR IRIEAT 4, BFFE T Cri2MoV B8R T A FE
SN B DA R i 9600 B -5 T R AR < S R s o S5 SRR IR M ENiRE Crl2MoV W) 3 2
PRE, RSB ERIEZCR LS ; Cri2MoV AW 3R O T Bl A 51 iR & )& 3R Cri2MoV A& Ak
SRR o

A03-P92
R R AT T RESSHIERTARA
Bi7axc. BhEAer. AN R BRI, 2EA. B
o T BE R BIT TC B

SN HESE AR il B LRI IRARIS , e 2l 0 AT NS s IR DL R A RS R S SRR
Mo A2 REBSeIRIER, MESEE RS T IR FIA L . ASHT T X
L G ITJE 800 °C/<9x10° Pa PREE 3000 /NS, 98/~ H AR A SURAS MU SR 3 11 5
] P ] 285 5 S A v i e LA T UM RHR AT 9, AR SRR T A SR O B s e e AR ST 4%

A03-P93
E TR TR TR R S JOR EAR T 5T
XU g 8. 2R RIRIE. SRR
w7 RE R AT LB
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HES LRI RHE IR AR T A BB . LR . S TS R SRR IR R, 5 BRI AL AT E AL «
B TR R, EIEA, R RARHRE IR ST T e T B (EE SRR IR R R, il
W REM BRI RO 1 IX 38, AR GBI AR LT 3 AR 510 A, B FVR FE AR IR AL AR FE AN o
AR TN B RAEAD R} 25 74 A4 0 35 B, 38 o e S ) P23 R AT LAERAG AR HE AN [R1 R FEE P 40 K
JEE o MHGR N (2B DXCRT IR I AN TR L1 5-10 1%, BTl B2 scb ko MR T U S8 X AR RHREBE R 25 15
B, R 308 e R PEE BRI A0 K N AR FR AT HO AN TR P RS AR AN A % B o0 7 R L SR B2 o Oy T 3R
P AR R i A A [FIVR P R I ECSERERE 62025 F8 IE N RO RS N BB X R . e T B T A R
i AR IR AR AL SR ELR EE MO, S BUS AR RS ORFAE R LA X RS AR AR AR, O AR TR
ONIRPEIZE R T WA 07 J2 P 7 T 3 T A IR i A 2. AN SR H 1) 1 R A R K TR AT 25
TR A AR I NA L ARAR D BB, JF25 18 1 i IR N RS RS ARSI AR BE AT X R S 4 A
PRBERE AR AL, S e TR R LA S5 nT AT SE- S VR A A S 8. L 350°C 40MeV Bk &8 14 Bk 5
WO, S SN EEN R 753k AT 1 IR A Bk B A R - T N R P 2R, SR 8 1 IR A K N
BRI G, SR 1B SANAEAN R & T R AL

A03-P94
BT 56— JE B U-Nb & 428 /1 5 R HOM 45 141828 5 0 e AL 7 7
W, 2R, xip
1. bl Al KEN S 3 ) TR 2R, R RRMES SR 7 BT, i, 200240;
2. FIgASIE RN AR EOR e, g, 200240

e (U-Nb) A4 R AG MURR 60U R AT AR IRTCAZ RN T 46 52 53, X See Pk 5 L AR A 1 st
o AHEE R FIZR iR 5 (twin boundary, TB) /™S HIARTEALHIEH VIAHIG. ST, ST U-Nb GRS 2855
R EGESEMBEZ SR 2R A BRI LA R R IRE (T FRERIRES), Fasink
HETFE BEA BE VLI BMCIR 2 AL FE B B0 28 — AV R TR AT, WS REMRgI R (<3 nm) NI iR
T HEAA TB s n] Ge & B R . v e B I 7 RO N IO 25 #8400t 77 PR e 2 ma pL], - A
FGE Ao — PR 2 2 B BEiE (density functional theory, DFT) 5 M L&/ T30 J12#4 4 (ab initio
molecular dynamics, AIMD), RGHETT 7 Nb 52« S AT FRIEXT U-Nb{130}28 iy AL st fae v . ML 145
Ptk J12E R SR IR F Nb § 8T MRS . A IR R, BT IER o-U #, #4) o7-U 28
o 25 A6 LA T v R S R R R S5 2R R M ] o NI 45 36 1o 00 1) e vk V& A0 R 4% HL - S Al — 2P R e TB,
FFIKZ Nb [ H AR 2250 5o b8 Nb J5 55T 50/ RS TB 1T/, R4 Nb J5 1)
KT B F8ND JEFAEIAR A A0 AN 50 T B35 PR 7 05 MR, X EERIKIRZ i P g 5|
1)1 RER LI RSBt T & BRARRE o AW FL 1 IR T REE L T U-Nb & & PEARIR S A 2 A4 I Al
T —Z8 i FET -3 BEN ] — 7 = BRI SE BE R SR B, B ARZR S R 1) 1 22 AT A N FEN LB 6t T
JE - R EE R B BB U4 o

SRR

A03-PO01
WHITREMEZ B LiMgPO4 MR & R ABOEADE RO G RERT I
R, JEITE* B, FEim. kg, AR
AR B A e &

e R B AT IR T I AR RS, RAZAR S 77 & W I AT K AIE 0 A, ASHIE 78 K P LA S 9 i 1)
fillg% T RSB, HitooREl (Th) 1. MtIcRE (Sm) Hi5 1 Th/Sm B LiMgPO4 #1 KL, R4
T T Fi £ B2 6 AR (TL) FDE RO G (OSL) M RE 2 . B2 FIRIRM e R TL HRERS R, KB
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FFEMT TLAS SEOE AR, #4875 Th I TL HiZR7E 50-350 °CYu Fl WAL & A = /Mg, JF H TL 582 B
W5R; B Sm I TL 5 S AR ; JLM54% To Al Sm ) TL #h£RIETE . 1§47 5 LiMgPO4:Th JEA4
—5, A2 TLAS S 8AE TR, JLLA~270T iR GRS oA W3 « X R\BIFIM T JoE T TL P,
Fi ot Th BN REIE AR TLAS S, 1M1 Sm e RGNS MR TLE 5 # Th & TLESmE
TR, 10 Sm AT BEANAI LR . B AN E R X OSL ZEIR AT £R 45 LW, 5440k T OSL FEE
KB 2% LIMgPOA FERGH FF fe 18, TEU BT UA1H 1 10% 75 B 3.2s, M52 RIYTE 3s LA Tb Al Sm 3t
FES BRI MG OSL 58/, 2 RlRAEBA. To BB Sm BN 1.41. 1.27. 1.96 fF; &SR H)S
24h 1N, Sm HLIBFI4 OSL 15 S omE ik, KW Sm 5| N#FH T OSL {5 5t . i bnlal, it
# Tb X} TL F1 OSL 15 5 Motk X T-5 Lo g Sm oTwk, {H2M 10k Sm nfig5s OSL 5 S hett, 45
&7 Th B REBEA Sm I EMER S, RFF R it REAZ SR S 75 2 i DA R At 7R B

A03-PO02
FEI AR SR ] 285 B A A
S
74 % 3838 K LR T RER A B

PRHEAB SRR R ™ A K B RO EIR Y, 2 e RO AL B U PEPR NS DR BN Sk . A SR
I A SR AR R R HE (OB RS SR v AR, B 3 55 R AR SN B B A AR o BB SR TBOR A R B ) [ A
AMAEHE T EZIT SRR Z, 1E 800-1200°CHsin 2 1F T S ME S &8 v AN AT B SRONL. M X G2k
Tt (XRD) M3 HLEE (SEM) RALMIAA R S R M. 8 A T4l ] A A A HUBE B A
ST (TGAD il [ AL A R AR E 1 o X BRI AR R A, DM SR AR W [ AR U4 271 ¥ — B A »
mE NETCERIER . WAL, ERGHEE T A FIBEERC LY, DR N R S AR X ] A A 2 R ) R
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