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EIEMR R R R SEEL 2 L P RS R, IR ZR GGt IR AR AR i AR SR 55 22 4 E — AL PR I B AT
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ANZE IR RGP AR B AR . SR ORIE W] < Je S P T P e I D B AR e bk, (B LA Mg 24 7™ B 1 21
T SRBRR o AN T AR AR B SR AR K A ISR, sl il a6 B A DU MR L RE K B 5%
AN (HEO) YK . 1244 RHRILHI HI 90% I WraR b {2 Ak 1 300 MI/m3FJHIE, PhREMESE R
B, RERTEG R R AR A S206 . MXene M WSARSGHE “4ERRL. Xl
TIEEPEREUR T XU AR S5 : HEO SCEL S 7 ik i) 7K B BEAH LA R B 22 G WL, T 2B AS A i
RO R YRR R I AL T B R B RD 83.2% 7] WotiE I R O3RN 9.2%) FIERE,
P RE R 22 PV LA AR o £E 85°C/85 %M FE R A 1Y 55 500725 il W AR & FR)™ #5264, HEO 4
KNt 2 e AT 2907 LE A FRL R A AL
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IE AL < R R A MR AL e R e, A RN RS — B BRI AP A i m R AL 220
ML RISERE FEAI N WA, AR =AM B R Ia AR SO & e AU SRR FT P S TR 2
FCR, BTN THEE T EREERE. it 2ER, S MEIRGRE Bs)AF: b P& & — BRI
PRt TTREN SO AR A S PR TR RE M EORBAE AR =, Rl 3 =R RN, Pk
TARSGUK LA R, EASZ DT RAARA S Bs ARG e Bs UK & & & TURRIRIE .
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MH, ZZEPHIERERAEARIET. &, T Al HiBIR& SR SUFARCRHEE, FE—Bintk 7
PEREAR AR AR BB & &0 . AR, TR O, M. BETEH. KRB G eI RS ME
CAFBBORE) Z N o s, BA R I3 s ARk AR & L B i A5 2 7 R A
A S EAL, A RO I RN EL N o I ABCRE i B BRI P ML B R TE S R T A E
TER, R R BRI E A RO, D R AR DTk 1 e A SORE SRR I A7 3 e R LT A AT
SIS M AR SIS, SRR RN AR N 3255 .
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ARF L LA REW BTSSR & SR R R

BRI, XAk

L AemRHR

2. ARRRHR A

RPN THARNEN R B B T B, A E 2 T oG &M 445 T 7A MR Ty T e B0 1 5.2
B, MG EEETH TR E SRR, M2 MG @RI TR A TR 2R 41X
KRR, AR ERIRBAREZMZ Eoua&h N, REIRER T 2R R BT o, I
A AN B

L AT YRR R 3 S5 RGN 7E AICoCrFeNi2.1 JL i mli & & rp, It 2B WA RS AR K
TZ IR T R AR AT LR GRS ) —— 5t B2 AHEF 4R SIHR AN BT FCC k44 %57 i 4544
BRTRENFRAMES (HDD BN, hFEERTT 1 & & rmE 5k

2. YA RS 5 2T R SR P ]« SR 2 H ELAR 300 K A L 3 KK CoNiV AR 5 474
WERARIRE « AR, SO TR SRR G ERGEE 1681 MPa, PUviR/E Rk 1932 MPa,
(I DRSS AP 2 o FL v BB R T R 30 v L s ) AR 2R T LA

3. BURH 2R S ot 4y S IR vy 0 B 5 K N3 - BB PEBAE W JR T T CoNIV S P IS 51N « A,
FE S OO R e ST 46 M o 12T E SEBL T R i i B (2600 MPa) 5B AR R R (1.5%) HIPh[RIEET .
k—FCC MR 3775 AR UL AR 2R S S WL RS, 38 2568 T & e iR o TYERE 59T REETT .
WK T ZHEZ Fou i & PRSI, b S R EAR MMEG L F BOr ol a5 #h #h TR AVE AR, N
Bt AR R TR S DR TR R & R AR R R
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MDA AR, JHRE T et G et R TRA=EMPE (600 °C) fmsmE im
PERER IR G, Pl AR B T2, SeBL 1 2 40 THEALAT s ARG 3G B 5 T 1 e ]
LG SEHL T R S AR R S B 5 R NPT KRR & &I T — R 5 R) 26 R
Tk SIS T A A ] S b T RRADUR 2 A # 3 R  TRD R M TE A ADL R T SR AR T AT, RAS T R
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FIHE. SR, AL SR AN TR (sl SC e, IR I MARAISR AL . o)) 5 BB R AE /)1 2
AP XX — R, FATRE 1A BARSSE GRS I, FR] Wasserstein H Zh44 85 4%
SRIB [ BT v PR RE BRI R R . 2 AT 55 IR BE 2 SR AU RE WS 4R & &l S TR REZ 1A IR R
MRS T ZAERETINEST o 2R AT B A ) F A WA M AN 558 B2 R0 M e S R, R AR 31 1 3REE
B, R B RRREE, AT LR RR R TR AR ERNE . A BT R AR IR, Y
BRI R < JR BB T A AN e TR PR A3 1 B ARG i v v S
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A SRR T VERBREN—ENEEGE, BARZRRNYEL, (A= %kee, HitG&
B B A A48 G St S K B . (RO S A &I IR ZE . BT & TR AT, R 203 Tl Ak
M EE R —. BiEANFESE LIRS, ARSI T NAE ST HER R & 8 1) 48
FTAE. EERAE=HHEAMS: D R THEEHEESN OIS, TR T LM EHEE X 5
WA, X &4 N3t =R &4 Ceutectic high entropy alloys); 2) @57 T I mEi& &Rk
BE R B R AL, W RIS R AR R S R G s 3) HERERARR. B SR R
I G S TS A DG B R BT 7T, A WL T — M. AT SR vk
R~ R R T e AT AR A A R, B RSS T K K AR A
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# Bs BRI E R SR Wit S ERER & TEMA
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£ %} Fe-Si-B-C (HB1) RIAEFGESAA/EMAERILAAE 1 (GFA) BURMA = T 2% LA @, LA
Fe83Si5B11C1 &4 NHEAt sy, MidKk4E @t E Siv P. C LB &4 R TAS R EEANE S48 LA kR
PEJCER Co MR, JFARGHEHE & GFA M Bs G4 mir. SRt ol A 7= PR A S AL 40 BE AT 2% i 2
S, IR RS S R EE AR AL A, R TR AR R BR A RCR, SEEL T KA A
e Wi . RS RS A Sz il RIRSR A PR 1) v B, JE 4T 1 lE & 56 5 O il e 1 Z0IAT B
R FRBA TV JFA BT S8 1B AR & & h (G484 Fe80Co3SilB11P4ACL) I H kA4 r™ .
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ERIP N S R T

PEBE N B RE A DR & AT A A BIR, Kt s A7 A B R e AL B A RE AR 1) L ] 2 /™
XTI AREHAE MR AR B 7 SN 2 R PERE R SR o AR DR B B A AN s LA %
OAPEL, BRUA R DIFE TR 2 1 a8 fF B BE B o T DA BRI T WA e A e 54, IO
AT RS LU i PR FE AR 2 SN ™ . SRR AR S & e U, (AL AR . T iped 4
ZRHHHOE, AR (p) e, RN . (E DA T BRI AR fn 5 e A 8 R ARG
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KA, B 75 BB BE S8 A0 57 (0 BRI it < 2 TR AN AR B L MR B M e A A 1) SRR R —
I KR 5 G SR R AL A BUR 380 B A E AR P 4540, VR R R 1) (R 1428 LA P 91
SR BN IR (S SRR, BRI HY B ik 2.02 0.02 T (FY 35H300 7d4M Bs N 2.03 T), p ik 1076 +
178 pQ-em (ARG RLAE R & &) L MNMERD FIHHAR R & W, RINITHE T Bep Z A1l 5%
R, AR RWEE S G SEMA RT3 i R YE L
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TR BERSHERAES PR R T seR Bt
BV ORI, =g, KA. EF0
R B T B BHEOR B T RERE TP

JE A SRR T SR T A T LR R0 0% BE S A SOBE RS, TERBIR . FLT MUK
B s SR ) R ST AT S AN SRR AR AR B & & B AR P S I, e RIRES T
RGN ALAL. 2RI, REESREh /1l fEARH R %, U8 2RI G ISR, XA
AE BRI T RE B S VERE I R ARG BRAE . ARG A 7 SRR KL R st B sl 75, KT %
DB R, WNBER BN T F AT, YT PSR BN GUOR AT . Rl b A 1
FARPETREEAIRES, Bt — RV A IR D RERFVE IR & & e LUK E S RRL, e R AR ST Berd i
ARG EB R IR AR 5 s BT RBEION (AL A SR i R G RE, DAL R AT s AL R RE A R TR

H
HH 4B
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BhEAR A SRR R TR K HAL AR RERT T
RO REM WIT . R PR, SR, WIHE. RR
T RE A B T B RHEOR 5 AR TP

o i AR | 1A B XA AN B SLR E (Bs) AP S W 1k RE TR B A & M R H T 18 Y] 7K .
A TR TR B S5IR K LEX RS A SR S RO R, HRR VB RS 5 T2
ACIRTHWIE | I BRA G B . FeuE e R k. WEFRRBL, EHER Cr B4 AR KA B RE7E Bl
B N RUE R SRS AE R A M, [FIRT SEIUI Bsy RS 71 5wl S R 0 ALt . B R RG] Fe A%
JRAESEIL T 0.28% (1) ks BE . 0.018% MRS 1t 1% 22 L 4 <10.3 pprvK B/ NERIE 580 bk, REIAHS
ik J718 KT T A ) 25 1) 7 1 A S B AR AP AT Rl | 1% B BN 5 1 i o i, TR 2
TEARA AN R REA R e M, AT 0 38 S AR IR AR I 2R ME T, 2R iR 22 M\ 5.9% FS P& 52 0.29% FS. #H¢
TAE Ay s e R L8 | AL A RGO R ST STt T 2% .
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ETHFRETERER K EESENFEBASHRRRE S S
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AE ff/ 9K B e oh T SE BRI B R R P IR K T 25 HERIA R 2 e it —2b
v N s o . T, BRI T RIS, Sia2Ma R TS, RKRE T — Rk
FLR AR N 3 5 AR A AR K G B (3 B M R SR oK i R & ik &R Herp, K
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1.88 T). iK% 6.3 A/m [HIHFmil /1 AR IR Kt BbAk, B 7 T FeCoNiBSiTa Z it E4H & &K R,
KRR K HE T2 T 9K RS MRS S 454, SR8 T Hm1<1A/m,  HB K P KR B o5 1)
TR 4. BT PR TR, A8 R E 2 HA MRS58 Pt R i AE f R Bt Rl mT LAR. R 7E
W AL, KIIE RIS AR RS FIACR T = i, NIRRT — s R R A R R 7 —Fp
B R
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FRMR2E, MRV E S TRESARE, AN, 450001

FERRIEAR G & G M I RE R, TV JEAPRL A T RE 51 AR S A B (K — e REBE BN, R AR 1
TR B HI AL — € ARG I o XL PR ZORH R IR AR 5 S 40 F S LRGN E B I BLAR M 1 R A 56 4
o AHIE FOE I B R BRI T, RS B B SR IR B, TRANIR T /N AR
WHr SRR IR AL, I R7R R BB AR AR b & SR IO A« REVEBE S AAWVE I BARE RIAL
o HeT BRI MALR, B PEHRT FernSisBuAR & B, IR I IR B B A2 ] 5% 1 R rpons FL4b
W G5 R PR RE RO REMA R, e B2 i R P IR BE s AR di S e VR e AR I N ENLEE, D
PEREBRIE AR S 1 A4 AOTT R AR BERH A MR AR S -

D03-015
AL AR ARALRT FeSIBNDCU 990K S BB S A4 RL 1A RE IS T 5T
EA R, 2 BATAN. BRI, BRGEEL. WEHE. LR
R g T B RHEOR 5 T REHE TP

BRIEGK R Rk RS S BRI EE  mL T R A m AR, R R — R Tt R R A A
ARG SR AR o 3 IR AR A2 23 A B2 o BS0 FEE  SCREE M K KT o6 AT 1 BB ) SR iR 2 —, (HY
TSR F AR B VAR BE TG LU A R RCRAR . ASHBE 2255 . AR TAESR LA S BT S AR AL 9K ol R R AR 2
A, dEE Matlab %A% 7Y i & v A R B4 oK o AR 508 B, BRI RIS o0 A o TG BRI RO B S 4
Z IR HIREAEORHER, i im BUE FEAK i ARG L T 2, IR AT SRER 0E . SEERZS TR, WA BT Bk
B R E SRS PUK SRR CECEEE, (LR T 7.8%, Wik SR REies, HhmeRigs
9.0%, 2 MHz/20 mT #ii#E T~ [% 16.7%, 100 Oe E.iifl B R IEIE S 4.3%. FU& B2 =l A 2 I H 5l S
JIERAY AT, BRARHERE, 328 T A TR TH AR K R Ry 5 ) e A B

D03-016
R TR R RARAE FeNiSIB RIER &S BT RS AR
THEH. . SRk, LER

R RF

BRI R DR T H 7 R R SCHEARE, BRIEAR S BL & e DR H B AT e AN LI 5 P IRt
1 ARIFEEIR S RE T2 N T RCH AR IS4 BRI 3. SR, DA BREE R & A
FAIRARTRER, PO WAV EOR, MRAFIF ARG AR . ARSI Bk ARdh & e, TR AN
HhE SRS R BE IR 2R, R SR« AR FEXE UARAS BRI ST, AL LR kAL
FeSiB AFdh & vdktit, JEIL Ni uRMERMSREETREC I, B & HZr G Bk e R L 57 1
FeNiSiB RARfi &<, T MBI R ERE . WO DUBR Ni ST & it %t 39 °C
$ETHA 158 °C, WM Im A EE>S51 um, s AR FCEACE 15 m/s, M98 TARSIEREE . SIB S KA AT
eGP RRE, ERERJCRE TRIBUFRTIEIIER. KIPD I E AT 7 T 280
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7GR, RSN R 5y A PR, T Rt 35 S) W BE A% 2 S I REAL L, SO Re s AL,
SRAF e L R 25 AR URE 5 58 PR HE 7 11 1) FeNiSIB AR & & 4, MR RE 250k 1.66 T, Hmil 1K & 1.4 Alm,
A kG 5 2635 126000 75T JT AR P2 2ot He AR i T iR 715 BCREVE REIEAT S8IE, il £t 142 mm 5E FeNiSiB
R AE LM, WIS 1.68 T, Hrii /s 1.5 A/m, 1.AT/50Hz & 1F T E OB FERF(K 2 0.081 Wikg.

D03-017
FeSIAIBPCu il & & IR . MR R BT
2 2ER. Bl i T
IR IEK 2

AL FeSiBPCu (Nanomet) L& Wit Fixt &, 2T Sendust (FeSIAD &4hisr, K H TRkt
B R #l %  FegrsaSiBsPaClUpz; ( x=0~218 ) .  FegayAyBsPsClo; ( y=0~21.8 ) .
Feg7 3.4, SixAlyB8P4CU0.7 (x=12.2~16.1, y=6.5~11.5)8kFE & Gy, [f FHPOEIE K OINFHAGHE%~530°C/min)
AEEIRIR K IR Z~5°C/min) AT S AL, BEF0 Siv Al TTEME &4 Nanomet & & & #A1
RE ML YEREANSRACAT AMPER . BEFCEE IR, 4B Si s Al R K T Nanomet 3E 55 & 4 11
R A BAGIREE, $2m T AERAMNHRIREE, TR SR EE X (7] (ATx, 58-122°C). fHi5
E R (x=21.8) SEUIRES &ML, FBIKTIERIERGE ). SRBIEAELE, Siv Al TTERILBE/AN T AE
o e A ATx (22-32 °C), {HIEKR T GGG RE. B TREFREAET, Sifl Al TGRSR INFFL T 36
A G R AREAG B FE , T iz /T 100 A/m, AT ERFFELIT B B iEE (R JERETE T3 d £ (x=16.1, y=11.5)
fE1AE B S AN, & SR AL RE IR PROdR KO 08D i A R B AL S IR AR 2 S A 5
FiRSE, (B RERLARATH, R 7454 Nanomet B & & #EMEREEAT T 201k

D03-018
e LRI ) &S M R T
v
EElS LN

LA YRR S 7024 SR ik e 8 52 OG0T, B ARREVE SR 1 AERATERA R S o I A
TG, FEOIFYER TR A, ARTFTCR A JEVE R & T BA R R AR ER FezrB JF
A PIKRIORL, I 5 JLUTIEVE 25 (1) FesOafi A RURLEEAT X LE o DA [F] R I i PEFK) FeZrB JE i B FesOu i A1
PEROR AL, G5B RCIRTE (PVA) FIEEREEECTT] KH-550, & T 204k ML 75 . il i 5 1%
TEFEE N 2 R T 4EE 47 IR . A XRD. FT-IR. SEM. TEM. VSM SR MEE AR 12714
. OCERER]. TES. KR R REVERE: 385 SEM. EDS. VSM Ry 2EMRIE o T stk LF 4 R RS, o
B MR RO AR, RIE CREARATIERR CA Bt Ref ROk 5 b A w1 35t
FLIR) o3 B BRI TR RE . CA BSCMEIRHIE FRIE 21 4 36 11 T LS S) B0 RGN 2, FF BB NI E &
AR R, BESRTE T AP i G ERe . SRHAESD FeZrB@CA IR FIZR B B8 ey R M ARG A X 5k F5E
(Ms % 98.9 emu/g), BEM T A Fe:0.@CA A &R (Ms 78.4 emu/g). ¥R78 FeZIB@QCA il Z A
2h4E FIR AL 25.18%, PihisRfEy 1868 MPa (LLJFAGLF4EER Tt 104.01%), £F4E Ms =ik 63.5 emulg, &
I BRI e A S . B FesOs@CA IRIEFIM A 4t Re 7R A B E 4Tt (PihiigfE 2187 MPa, &7t
138.87%; £I4E Ms 41.3 emu/g). FTARBRAR 1) 73 HUVE T S 3E fh/ i A SRR 5 FEARTE B FR) A2 TG X 24 2 PR RE SR T
Mo AHH TR AR AR SR REYERORL T = R R, PR Re G X U A4 1 4 RGP ER A A T
BT B R S ER A

D03-019
REKREME Cr TRIER L& e Bt KR BBt 2
AT*
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R R R RN S TR B

BRI LA @ =i 1 T2 100 °CYE RN B AL FHRIMK R (<2107 K™, @MU AR ARG 20 #4224
BRI EGER () G RE . SRTAT, SRR AR R A S RSN AR ke e R T B R R, K
HER G TERERTHREH T ™8 Bk ik . Cr e R Bt E T & &Mt 5 Jy 22k Re, B R REE 2 H)
SSERBEE Y, AN I 30 5 B O R REBRAR A ML o 75 DT TAE A A 2 SRR R PR, [
I Cr I E @ 552 B IR ). AT T — RAIZ 40T FeNiCoCr &4, 5IA Cr S &L, K1 T
HAZIK REICT 1.610-6 K-1, EA @AM R EREI & . Hld 24 SRR AT i
WodT, R T Cr RS g fa R M ARG e AR i FE v () S8 E A . T8I Cr e R 7EAR TAE H R ATH
FHINL, RBEMCZIKIL G IR, it 2 4o L& SRt a5 .

D03-020
N AR R AR AR B E S S R R
ESVMIR TIPS

LIS

D03-021
Fe ZIEREEHBMATA. FORREE SRR I
XI| Bh*
CIE N2

Fe Bk M/AK A & BA R R RIS, S A RAESRE (Bs) ik T 26 (W ARFT /) (He)
S, EAREA. BNLEENER, BATTZMRIAH . ASCR AR R S 1 Fe JEIESR/PUK & KA, I
SF AT R AT T T . Fe S NS 82 at%bl i, FeSiBCCu JF & 4 Bs fRIFTE
1.7T Lh L, He FKA 3A/M, B RES 2 (ne)TE 1 kKHz I8 hn$] 23100, 1B KgK FIFEMYK &K Bs 30
F1.75T, HcfE6 A/m LR, pe 7f 1 kHz A% 24500, 5E4ffb)a, &4&26 I ik 1820, FePC
e dL 46 2 8 /1B KR ) Bs 353 1.68 T, He (KT 5 A/m, #I8AHES 3417 9300, FIH! B IF IR HLTERE .
IEAh, ¥ Fe S EIGN 85 at.ol), &4k A A IR f+fee A, SR Bs A3 1.69 T, RHEEA 621.
AR Bsy Ik He AR B HWIMER Fe Bk & & &S00l AL B SE gt B ik, BAEZ )
W

D03-022
VA LI S & BB R KR R 22 5
TG S T
R A

Fe J& )85 (Metallic glass, MG) #1RF A AUB AR AIREALREE (M) il 3% (ne) ATERKT
I3 (He) RN N —ARH B 7 3 A o ORI, B b A PO G I HESD 7 X midits NRA A
RETCIFII AR, Rk, JBY)R ERA MR E RN R R BRI INBRRE 7O R & B nT DL LSRR R
PERE, [HEAEES™ EREIIRRAE T FITTRY], W MG IR F 45T LA R bk EE MG I
HEVERE. fRgeitifesems, BAEHIB K. NTRBJONAR K f S5 AT, 3 2 52 20 6 AR A% AN
KA ER A PR 1] o

M2 R, KEMFRIEW, WEIEE FRKEAE (Cryogenic treatment, CT) NIEEL MG 15 5 T
SERTRAL T — MR A DB AT R SITEMIRER R ST RIS &, P REARYE FE A SRR .
[FRF, REHICEXNE SRR XT CT SREIGEH AR (Cryogenic cycling treatment, CCT)  Ja ALK 1%
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REFISEIAEAT 1 T2 FIBIF 7T, ESCRR AR B S5 = o S e S i 1) RGEWE R M AT &5 . NIk, #EIX T
T, JATER T WA EARERERNZE MG: £ L1 Fe78Si9B13 (METGLAS 2605) A& H/>E
C M Cr BPER 7 Fe73Si11B11C3Cr2. RGUHIAIFL | CT XfMAhEkE: MG IIFZI, 5 o0vE 1 BEATHI
MBS . SIS PERE R RERF I o eAh, IOWEFL T 5o CT B 5 SR ERE AL IR 35 . R BEAh R a4
wr.

(1 SEIRZAREHY, CT )5, Wit MG fibig s vk Re I 7 2 A vk 2etb. ST, Pikh
MGs 7E ROV UEE b 5t FR B P AR AL B AR AP AE 22 7 o 1K 22 57 7T ek H AN MG AN R AR e EDIRAS

(2) CT J&, FeSiBCCr [#HETERE R E SR, BT M 250 & R3EnE] 308, Ms M 164emulg 5K
Hm=) 178emulg, He M KR 2.1%. MR, FeSiB [k SR AEFBIAG R EEREE CT N 8] )3
Ini AR BRI AR S, (H He 78 CT 24 /NG FK T 7.3%.

(3) JEIARSME T, FATEILE F RN Ms AR SCHERRAE, VR & 6 A T3 IR 7 R 22 2
SN He A 1240 e, BT R AUE AR & e AP SR 1 RSF £ 1 MG R IRIR AL B A T ARSI+
ML EEVERE . IX— DU T FUARIR AL B PRI R TE RE IS R AT 2R 3 N T REER AR
J o BT RO G F R PR 4 T 4R 5

D03-023
ZEILAERBNER FEHKAE SR
FIN
Jemt R R Jbnt 100083

BEE R AT IR R, MPRHIAL S B R M IZHTE N, B 7 w2 Bon e BN
A, SeBL R -2 S 2 R RE U R SR T SR TORTHLIE . SR, HARR IR A AR A AR B R T R
JE JR AR R T R L] B s 722 PR RE 2 R TS R BB . A 5 A2 o & R AL 2 e Sl A 1
RSNV R, RGEIRT IR AL I Sl I R SR s R 2, st A ey
Fr 5 20 15k Re s ROBESRIRALA o I TE A0 -0 AZ 7 CoNIV AR & 48 530 CARIRIR K it il s L
#&T+Z 653 MPa, FEAHRAIRIFL) 60%, EIT 2 RUERAE 1 X W B IR H L1, B A HREA B T Ak
SR, ZRRTHA A B R m AT I R AR eI B R, SRR T AR SRR IR
KLEFEM BRI E A N E . AT TR 1 RIRIE KA B T R%E 2 T ou & & IR 1 R S5 H R8T 5,
s TR AR vt m ik BRI BT it 42 -

D03-024
MARE e HBRAREES: ARt SARAER
3 e
s TR

KR E ST A R R A AR IEAS RN AR SR A RN . BRI I RSy T A B R A
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PE), CHOMERL: S TR Fi it 8T, TE RS SCBL TRER A, SifiG S0l B &
VAR TERE IR RIEMERE . (RIE, RNHIFFL S & S 7 5 A 8 R B 26 A0 B BB AR T AT v L oM 4H
U AR, R TEARIE, XN TSI EBESMLhEN AR FEEZ L. Mk, KD
CoCrFeNiMn0.75Cu0.25 = & & i Fixd 5, ERFUELH T 2000 1% s A 6 S 000 485 1) 5 98 1 2 R 1 s e 00
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O — R B i R R A kL. SR, HRTRHZSE A S AT A R AR LR . 2
(1) 1 5 25 5 TR 5k = AN B0 SE G AIF FE R NI, P2 BEAS T AR iR S AT K R R o a2 ] 7
WAMEB 2 RESEHERMER ARG T — &5 L1, B CCIMA 1122 ERE A TN B Ht b7 )i .
Hrp—MEH CCIMA £ 700-900 T 5 il B VG N I HAR ¢ O Ao BE . (AT I 2, G E&AF
TEREN R RS, o s 5 iR BOEASC, HAE 700 € BHAREE (51.0 GPa), #id T K%
BOCHARIE R L1, MEJEEA 4. RAlrE S e o i R X — 05 M sii xrE ge = 2 5T AL e
(A R AL AR AT B AL WL P B VR o sk, RSO M HIERAR, FRATEI T ERLL. mEk
HE (99.995%) &xJE A G RGO, RS T Im A 3D FTEN & Bk &M S5 &80
SVERE . XU TAR B B AR RH R BT S R PR T EE AR AR S
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A SR —RETN .. TR TSR e & EM R, —RIEL T, Sl ETHERED
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2 BT, WO R BRI R ER ZR ARG T g . o s SITVEIE (Tiv Zr 1 HE). VA
(V. Nb # Ta) FIVIEIE (Crv Mo M1 W) JTRALIIHMES =i 4, ISR milas, i,
JE v DL K i A B PR R, FENT SR % CA s AT W S A Tz BRI 0. BRI TR R T 5
PRS- TP RE 38 i R L RE A R (P0G . Ak, ST AR e s v pp Rk e AR, DUE B —2H nEk
WAHTCRNES, WITHRT Z24NE TilZr st 4, W: Ti3Zrl.5NbVAI0.25 & 4 iak & I i i AR o B
900MPa. YBMEREIAE] 25%I[FIIT i I PE~131.30/cm2; Zr42Til5Nb20Ta20AI3 A 4 = 4 A e A o B i ik
1300 MPa, #fiE 8%/ A 1YY ; Zra5Til5Nb20Ta20 & 426 i ] 4 AN Hh il i R0 T RS 4 iR 9l oK S 7 45
W, FRREEEESEE . SRMESERE; 5%, XWESEHE. iR, =IREME LU S 7 1H
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D03-028
Unique Mechanisms for Strengthening and Toughening of High-Entropy Materials
Zhiming Li*
Central South University

Multi-principal element high-entropy materials (MPE-HEMS) have practically infinite chemical composition
space, and their microstructures can also be effectively controlled by synthesis and processing technologies.
Therefore, through the coupling design of chemical composition and microstructure, various mechanisms can be
effectively coordinated in MPE-HEM s to achieve excellent comprehensive mechanical properties. In addition to
the strengthening and toughening effects in traditional single-principal element materials, unique mechanisms can
be activated in MPE-HEMSs to obtain better combinations of strength and ductility/toughness. In this talk, we will
discuss on a variety of unique strengthening and toughening mechanisms in MPE-HEMs, including massive
substitutional and interstitial solid solution, metastable engineering and bidirectional transformation, symbiotic
dual-nanoprecipitation and hierarchical nanoprecipitation, high-stress twinning, high-density stacking faulting and
sluggish martensitic transformation, and nano-amorphous-crystalline composite mechanisms. The principles and
ideas for designing compositions and microstructures of MPE-HEMs to realize the above unique mechanisms will
be described, the microscopic fundamentals of the typical mechanisms in specific MPE-HEMSs will also be
revealed. Furthermore, based on the classical strengthening and toughening mechanisms in traditional
single-principal element materials and the uniqueness of MPE-HEMSs, other possible strengthening and
toughening mechanisms will be discussed. Finally, the potential of MPE-HEMs for simultaneously achieving
excellent mechanical properties and other functional properties based on the large room of compositional and
structural design will be prospected, which can indicate important ways to effectively exploit the unique
advantages and values of MPE-HEMs.
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7 IR 2 R e R A AR AR
SUNS
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G N A AR B2 B9 G R B SR (BMGCs) Rl (21 1 1 IR AAAR AR 1T AZ AN BT )i
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A MR PR ) A s B A I 2 e i IR ARAR, T X 51 R B DI (KR 3. e SCEJE, B4
Hh e H DX A ERAS R 5 ) S I AR 5 AL 3T 71 777 A ) o o AR -1 8 P T £ JR) 750 1 3 4R PR AR (R AR AR A )
WEYAT R e R . BT a1 (MDD JPERFSEIRER ST AR A, A ST B AR A
L kst (A EAE L, JFH H 5 X R 22 AR . RATIPR Y, XIS AR £ A 5 st B A A7 - /A X
WA TR, CAHERF S IR AR AR A
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FERFIXLE) L, R DeepSeek Kifi 5B, Ji45 & milfi & e OUHK 1.5 5k AH R ST 1) b R
AV R T IR RIGRAE R (RAG) A & e WU B GeiA . 5 B BRI L, 128 ReiAKs s
SEAE R AR 5 BRI AH SR AU SCHR A 2, IR SCHR N 3 5 P 1m) — 2 4R 50 20 KRR Y, (A5 KA R 1 [m] 5
PEAT A, JFERT DAL SR, R T R OB A KT A 1R A BRATT A I R R AR P12 e A <A
5 IR PR I R AR b LR R T DUBR R4 28 N 7> AR Z) 88%. B REMAAE & & TERETII . Seie
BEH AL AN G SIS ST 55 TP AL B Y R Y th Ay 25 4R T o T FE D9 vl 15 < USRS FH RS A 8 fi
T RgsRTT 30 FONARSR N TR BT T I B s AR AR 2 B REVR IME S5 3052 T 244tk

D03-031
Revealing the stress slow-released mechanism on dynamic recrystallization AICoCrFeNi high-entropy
alloys with structural and functional integration
Zhenyu Dou**,Lu Sujun?,Yin Jingou®,Wei Ming*,Wang Jian®,Zhang Xintao? Zhang Baoguang*
1. Northwest Institute for Nonferrous Metal Research
2. State Key Laboratory of Ni& Co Associated Minerals Resources Development and Comprehensive Utilization

The mechanism of hot-extruded equimolar AICoCrFeNi high entropy alloy (HEA) with trade-off properties
was explained during the current work. The dynamic recrystallization process that occurs in the hot-extruded
equimolar AICoCrFeNi HEA leads to fine grains together with soft FCC phases distributed at the grain boundaries.
The refined grains and the soft reticular FCC phase uniformly release the deformation potential energy during the
compression process, which is the key to increase the plasticity of AICoCrFeNi HEAs. These factors greatly
passivate the crack initiation and blunt the propagation of cracks. Compared with the as-cast AICoCrFeNi HEAs,
the compressive strength and plasticity of the AICoCrFeNi HEA have been greatly improved. Finally, an amazing
result for the AICoCrFeNi alloy exhibit the compressive strength and the elongation of the alloy reached 3500
MPa and 42 %, respectively. The EBSD and STEM information also reveal the dynamic changes of the stress and
dislocations in hot-extruded AICoCrFeNi HEAs at different compression degrees of 10 %, 20 % and 30 %. In
addition, the soft magnetic properties of the AICoCrFeNi HEAs in powder state and hot-extruded state are
revealed to demonstrate their functional performance. These findings guide the future researches and applications
on AICoCrFeNi HEAs in the field of structural and functional integrated materials.
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A W Z XA LS LI R AR E M R R L BT D) gusit

XIHFPE. FiE*>

KERE T K2

G 4 I BRI N B ARG S e i T 2 B T 5 H RS0, (R TR HET Y] (ASBs) [ #IUS
Mg 2, SEOLYE G E SRR PO v B G b T L R B TR SR, AT BRI T B M e 7Rk, BATET
HHEHE T (CALPHAD) it 7 — RS W £ 3554 (MPEA) (W30.5M014Ta5.5Ni33.3Fel6.7,
at. %). WFREM, ZEE&FEARHE W K BCC fl'E Ni/Fe i) FCC FlF R4, HAPfFEEYIR L12-y'Fl
DO22-y"g KT (<5nm) 7E FCC HEfR Rt tfr iy, Britbz 4b FCC HEfk NFIFIA Sl A7 AE w AN H . 1X
TR O AU T A 4 5 = B R 46 JE IRBRFE (6Y'S = 1245 ~ 1557 MPa) LUK KHIKIZEN AR (ef =20 ~
40 %), TEAEFRSHZNAZKM TR R REYE T, thah, ABFF ARSI s LI EEAT 1 VR4
Wi, HPZ Tuae s RrEESRAA v v 9eRRT 5 A AR AT a2 32 Bk L] . 7EBhEs
SRR, FRE) FCC AIEY BCC X 35 i S I Ak 2 H BB B AR B, AT L 4% o 246 A B 1) e LA
TERAEREI YN HT o IR R BT K BA R R B P A A = 8 AT D) UM e iE S W 2 205853
MRFRE T — 260 Ae .
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A FAEH T — P BT Z AU R SR A T B = i A T SRS, DL Fe4ONi30CI20AI5TiS (at%) &4
R EZ NN G, WY@ o M5 L21 AH I BB IR e S50 528l 1 9 B -SRI P [ 32 7. 28 800°C<4h I
BOALES , ZA S BP0 9 I R s IR AAE T B IRGRFEIA 920 MPa, # PR LR 5 1300 MPa,
[F I OREF 24%I1 2 78 650°Craim A N A4ERF 800 MPa (1) Ji IRk 7 5 F1 149% R SE A 22, RIS 2. 3%
(R EREAL 3 . X P 72 MR RE IR S IR T AR () WA AH 2 vt @RS HE I AW ACEE T2, 7RO AT
T B RS T ARR A BRI o AHE L21 AHR BB 450 . BRI R, L21 M o AR B R AR
FEML - 1 kA7 #54T FL RN AL SE AR, I 2 WIE I B F73 B WiV FH A RUER e 1 o AR BRI R 38
XFRRAHFE G A AR A & S AR T FE h RR SR R i TAEAGRE T, M RB T A5 G0 & b 3 HEAH & 850
JEE SRR B RS . (AT B, 1% 8 EE 650°C Na2S04 41 it () H 8 il B [RIRE R I 5 . &1k 200
h 5 &K T 0.2 mg/emZ X IHFEFREERTIEE Cr0s-ALOs-TiO: = Tt E A AN, HEZEEME
SABERR T A R % . XA e ae SRR B R AL, DRIF R BL Y mR A AR R T B
Hg KB T E5%,
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H T — Ml e Mg & E— BRI, XM LUER 2 FuR G648 (MPEA) S AREHR ARSI, 1E
R L TIVZIAl G4 CEFE~5.2 g/em3) HHEM TiZJ0ER ). &5, % MPEA Fi) R A 17
(LCO) fEEIRALHIN AL T PALI“fr 4@ s, AR TEVF 2 Rk B, Hp i 2 it
FRAK AR IR, BEJS MO OB RIS A, XN TR R BB R R A
SRSt R T SRAL AN N AR AL, SEGAR] 1.7 GPa Y5 RS ) MIET BT R A K B IR GRE (326
MPa €m3 g-1), [FIIFOREF [ 1006 AP R AGEF 2, X —HER T LR &4, ARt
AR T8 W pTiE g tl, AmDE st ae & it 7 RS E T %.
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TEAE R AR AT R, A Gbhkl d T 81 Ju R AN = A BB i) s i KN OR . =i & m T
e 7 10 14 B8 s o A 5LV 0 I AR A R, (B )T R I R Ao X TR A G R e P . AR A AR A
Ti-Zr-Hf-Nb & & 7 Ti-Zr Al Hf-Nb JE-FxF i v, 45 &S BRI 25—k R FE -5, 20 7 v e it
W& o TizeZrsgHfuNby (TZ6) Fl TizsZrssHfisNbys (TZ7) &4 (EMREE . JE MR AR B 2 7] 2 90 H B
V7. PIRE I, TZ6 A 41 ARIEE A 694.5 5.6 MPa, FE{H3R )y 20.7 £1.7%, #IKBEE A 79.8
+1.9 GPa; TZ7 &4&WEREE N 676.3 £5.6 MPa, ZE{H3% A 19.0 +1.7%, 7 KiH&E A 70.3 +1.5 GPa.
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A4, W T HEMAL. ZHE R IF R IR ERE SR . LIRS K, S48 BCC
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G PR PR R 2 3R P 47 e i 2 Tt AL 5 B A3 I T 184 0, Al-20 & & R 4 BB VR — e A2 BE IR B A - 7 1000°C

, B ERELERGRERE Al SEMILE NRE B &5, EERTEE, G&YKETE
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fith, AT — AU TR A S AR I AR A T AT RE
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SRR E 2%, AREHITHL1 Darken <& A, 7 E 5| Manning Rl Fi#ET2IE, FFXHEES &R+ Manning
R F AR IEAT TRV . Ak, R RARRABE e AL e @ A A T, 7 e SRS RN S EUR 30xt
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13



i E PRER 2 2025 DO3. AEdh 5 ik

T IR REA R AN AR A B A UL R MR PR AR M, X3 alpha AT beta A A FEAR S AT AT
FAE. SRR, ARS AW IR AR & B, HA MR A FERC, o alpha pyFERER
M VET J5fs, FSTBOREAE, 5B T E ARG, beta st R A Arrhenius 722l FE MO
HREE 7 EHA O, HBERE E U 2T alpha WAERABGE REE M 1/3.
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Zr YIRS e R A R R RFREARBR S J 2 ERE, (R S G (v A ™ = B
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ZRIMRERH S U F AT 2 R0 . AT S MR F sy Zr FEPURAR S S T IR DRI b,
ZJERH X SFEAATE (XRD). Z/RAEHE (DSC). YK IR, 1B 7K G dr . 288 e 50555
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R AEA JF RN AR f SR, R I077 4 . DSC 25 KR MIREE R TR I EEAT, Zr Sk
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BATG IS SRS (CSMD) i, ABUARRIEA GRS & e BT AR (STZ) AR hE
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RBBA AN, TR . e, X=FARERD Zr SRR & SRR G B RCR AT
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(58— 320 S 2 T )P40 i 0 A B R P PR PN S 1, A R USRS 109 AT, IR B A4
FEE RS AW TR S & R AR AR T i [ R P ORI R B, RDF 55— I fifia 2 PR 2 B R 9
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JTME i EEEE RN Ta PRI AR, A9 mis T 7 R bk 8 (ELF) AT Mulliken 8 55 2 A7 i £k
Qi) RFEWA, WAL FBOLAE FHYE RS R, R ek, BT
e IR R LTS5 5 HL T SR IR R R, SESRRE T RDF 25— I (1 S H AR 5%
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As a medium to understand the nature of glass transition, ultrastable glasses have garnered increasing
attention for their significance in fundamental science and technological applications. Most studies have produced
ultrastable glasses through a surface-controlled process using physical vapor deposition. Here, we demonstrate an
approach to accessing ultrastable glasses via the glass-to-glass transition, a bulk transformation that is inherently
free from size constraints and anisotropy. The resulting ultrastable glass exhibits a significantly enhanced density
(improved by 2.3%), along with high thermodynamic, kinetic, and mechanical stability. Furthermore, we propose
that this method of accessing ultrastable glasses is general for metallic glasses, based on the examination of the
competitive relationship between the glass-to-glass transition and crystallization. This strategy is expected to
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facilitate the proliferation of the ultrastable glass family, helping to resolve the instability issues of glass materials
and devices and deepen our understanding of glasses and the glass transition.
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G AR R & SN TR Z 5T A0, S50 RRARE 2 e 5 H BN mI3sE . Tk, et Bk
NEBIRZAE S G &R EE T H . AR RET I RERH T TB8 kA & 4T 1R MK R 2R iR 5 Ak 3E i
G PRl BB A AR G S S M AR, AR T &SRR SRS, SR TTE
5E XGBoost AT MR R . BT T 60 Fh Ti-Cu-M =Joik &, ik Ti-Cu-Ni 55 Ti-Cu-In 34T 5256
IOUE 515K, T IER AL I A Ti-Cu-Ni & R, #—B7E Ti-Cu-Ni-X (X=In, Zr, Sc, Fe) IUItik &
Wi, FEFF R A 2R 2 848°CHHI TigoCuyNireZrio JE T K. 1ZEFRIBIH T TB8 A &4 1R, ek
Prhr o B AL 48 BTS £FRHETE 105MPa. AHFFER B, HLARF 1 A SEHURAS SRS BT R = 208 T2
H“THITH,
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D03-051
Revealing atomic strengthening mechanism in CoNiV medium-entropy alloy via machine learning-guided
simulations
XMEZE>, BRI B
AL RO

High/medium entropy alloys (H/MEAs) have shown unique strengthening behavior and mechanical
properties because of the presence of massive local chemical orderings. Nevertheless, dynamic interactions
between chemical short-range orders (CSROs) and dislocations, and the underlying atomic strengthening
mechanism remain elusive. In this work, we first developed a novel machine learning-embedded atom method
(ML-EAM) potential of the CoNiV system, trained on a comprehensive first-principles dataset, which enables
accurate and efficient modeling of CSRO formation and dislocation dynamics. Then, we investigated the
strengthening mechanisms of CSROs in CoNiV MEA through machine learning-augmented molecular dynamics
(MD) simulations. Hybrid MD/Monte Carlo simulations reveal that CSRO domains possesses an L12 (NiCo)3V
structure, whose size increases with lowering annealing temperatures. These domains significantly enhance
strength by impeding dislocation motion through complex energy pathways, increasing depinning forces, and
reducing mobility. Moreover, the MD simulations combined with theoretical analysis elucidates the competition
between CSRO-assisted strengthening (via antiphase boundary formation) and solid solution weakening (via
reduced atomic misfit volume). Phonon-drag effects are also amplified by CSROs, further resisting dislocation
glide. Our results demonstrate that L12-CSROs strengthen CoNiV MEA primarily through antiphase boundary
and phonon-drag contributions, providing new insights for designing high-performance multi-principal-element
alloys via tailoring CSROs.

D03-052
Decoupling tensile ductility and fracture toughness in additively manufactured AICoCrFeNi2.1 eutectic
high entropy alloy
Jie Pan*, Junhao Gao, Lv Zhao, Dongdong Li, Lin Liu
Huazhong University of Science and Technology

Eutectic high-entropy alloys (EHEAs) have attracted significant attention due to their excellent
strength-ductility synergy under quasi-static tensile loading. This favorable mechanical performance has
intuitively led to the assumption that EHEAs also possess high fracture toughness, given their capacity for
substantial plastic energy absorption during deformation. In this study, we decouple tensile ductility and fracture
toughness in a dual-phase AICoCrFeNi2.1 EHEA produced via laser powder bed fusion. Experimental results
demonstrate that this EHEA exhibits excellent tensile behavior with a yield strength of 1320 MPa, a tensile
strength of 1590 MPa and a uniform elongation of 10.5%. Paradoxically, this EHEA exhibits a relatively low
fracture toughness of 39 MPa m1/2. Fractographic analysis reveals a largely brittle fracture process, wherein the
fatigue pre-crack propagates nearly straight with limited evidence of dislocation-mediated plasticity at the crack
tip. Crack propagation is facilitated by microcracks that form at the phase boundaries and coalesce with the main
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crack along the lamellar direction. This embrittled behavior contrasts sharply with the coordinated deformation
observed in both face-centered cubic (FCC) and body-centered cubic (BCC) phases during uniaxial tensile loading.
Crystal plasticity simulations under varying stress states reveal that the local stresses within the FCC and BCC
phases increase substantially under high stress triaxiality (i.e. with a pre-crack), reaching values approximately
four times higher than those under low stress triaxiality condition (i.e. uniaxial tension). Such elevated local
triaxial stress impedes dislocation slip across phase boundaries, promoting rapid crack propagation with minimal
plastic deformation.

D03-053
F AR AT AR (WTaNb)50HT50 031 77w A S AT SR
TREER* IR, FENAE
AL st TR

TFRE = N AR N =54 4 (High Entropy Alloys, HEAS) A T AR5 47 0T 786 T HAE Wi 07 4
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(WTaNb)50H50 & <RIBS Wi R M AR AH EL 35 25 & < AR 140 8%
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BAEF TCHEAS ¥ e, ERT i Tiv V. Cry Zr A1 N TR TR IR DY Je B AR B AL K — R 5P
ARG R, WA TR (SPS) R, £ 1600C FAH T &I E 6 R L LB T
FAEA AR BT R R P e E AR B A . SEES R AR ZH BRI 5 A SRR SE, A R
AR T HBAE AR B BT E TR AR, A28 B PR AR N, 5 350 [R] A ARG 2 B A
J1%EERE . ST ORI, AL T RN IR Z N 8.31%) CALPHAD (IHELAHED MR, SRl s
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D03-055
In-situ study of dislocation coordinated plastic deformation mechanism in as-cast NiCoMn medium entropy
alloy
Qing Gao*

Lanzhou university of technology

High-density dislocations and the simultaneous activation of multiple slip systems play a significant role in
the deformation process of medium-entropy alloys (MEA). The in-situ scanning electron microscope/electron
backscatter diffraction (SEM/EBSD) dynamic study of dislocation slip behavior and its interaction with grain
boundaries is helpful in understanding the microdeformation mechanism of the alloy. In this work, the as-cast
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NizsCo40Mn2; MEA alloy exhibits a tensile strength of 420 MPa and a fracture elongation of 45%. The fracture
mode is ductile, and its mechanical properties are better than traditional as-cast alloys. However, the geometric

incompatibility of the as-cast alloy’s local grain size heterostructure region leads to significant stress concentration
which becomes the primary site for crack nucleation. The primary reason for the alloy’s excellent mechanical
properties is the simultaneous activation of multiple slip systems and the formation of high-density dislocations.
This process promotes the formation of sub-grain boundaries, slows down stress concentration, delays the
formation of microcracks, and significantly enhances the alloy’s plastic deformation capability. The coordinated
deformation mechanism in the alloy primarily includes grain orientation rotation and slip transfer. Through in-situ
research, the deformation mechanism is deeply understood, providing a key experimental basis and theoretical
guidance for the subsequent optimization of microstructure and improvement of the mechanical properties of
MEAs and aiding in the design of higher-performance materials to meet the demands of extremely complex
working conditions.

D03-056
SBKA TR BOLB AR B R & LT AU
P2 L Bl R B
L PG TR SR A 4 A 50 5
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PIEHARAT A, PRIFIR K S S A B DL R o R ZH R S M R 2% . TE 45 SR o, B2 A BCC ik
(R F o BB A SR R FEAZ A R, T2 YR T30 G TR YA H B B TR 23 e LA B J5 B8 G R Hh 1 45 44
TRALEAS . FCC AR L1, TR RS REIN, 7E 650°C KA B2tk B KALFE 5, BCC Fiki vt
SRALAE F 6 BE (Y DTk BE A R 35 . 600°CIB Kk 24h J5, BCC Al L1, WrRIVITE SR ORI 5, & 4 i IR
$EFHZ 1.6 GPa; 650°CiB K 24h J&, L1, Fivki iRk BCC Biki iR g, #1991 BCC YiiE ik iEH
HOH T LA AR R E, BB KR EENAT . AP TR K L E. HAUFIES %R
ZIAIORIEC R, N SR B FE I ) e SR it T AR FIERIR 4R .
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B E BTN RAL, BEEERIr . HEH . BAb PR AR A B8 7 30 S AZAT 0 AR IR AE
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D03-058
Ultrastrong and ductile precipitation-hardened alloy via high anti-phase boundary energy
Zhifeng Lei*
Hunan University

Coherent precipitation-hardened alloys often struggle to achieve both ultrahigh strength and exceptional
ductility due to their limited resistance to dislocation motion and vulnerability to glide plane softening. Here, we
tackle these challenges by introducing multicomponent precipitates with much increased anti-phase boundary
(APB) energy. In a model Ni3Al-type (L12) precipitation-hardened face-centred cubic (FCC) NiCo-based alloy,
we incorporate multiple elements at the Al sublattice sites within the precipitates, reducing anti-site defects and
enhancing ordering degree. This process yields multicomponent precipitates with an ultrahigh APB energy (~308
+14 mJ/m2), which notably strengthens the alloy. Moreover, the exceptionally high APB energy transforms the
deformation mechanism from dislocation shearing to stacking fault shearing, thereby avoiding glide plane
softening. These result in a tensile yield strength of 1616 9 MPa, an ultimate tensile strength of 2155 +22 MPa,
and a uniform elongation of 10.1% +0.3% for the alloy. This work opens avenues for enhancing precipitation
hardening and provides valuable insights into developing ultrastrong, ductile alloys.
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w4 45% 5 129%, SEIL T SRIEPERI PR EISETT. fEmIR AR R, BT ER sR AL A S 4Kt aRAe
¥y B2 AHILFEFEH, 645 FCC 55 B2 MAH A AT FFEL R A Bl & M B 5 A8 i, IS R4E 5 iR 28 . thAh,
AL FEAE Sy o BT R, B BT B K BIAPILE 800 °C el XS F 1 5 L PR BTk AT ik 166 MPa, 33—
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BEXF CoCrNi 3k % F: 76 & s WIVE SR AT A Wi 0L B VEAS AL AOMERS,  AHIE T8 T T2 AR 5
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Rigipcth, SEBL T & i AR (D P RER T, AR 1.73 GPa, HAJSEMHF~23%.

D03-061
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Wr 24P IR 31 182 MPa m1/2. 7E 77 K FIIRE T, ZMNAR K M 10-4 /s $2 521 3500 /s ), &4 i AR GE FE M
502 MPa &% 1148 MPa, # R+ fdi5: & M 982 MPa 1 i3] 1893 MPa.
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WEFHE (HIP) 5MMEIEEAR, KEBEERSSRITFG, a5 I Wahmidm 5k, K
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BE 1. AHLLTIRGGES, B A3 30min J5, A 41 E IR GE BRI PR 5 5 20 il $2 7+ &8 615 MPa Fil 960 MPa,
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AR S AR L, I SEAR ISR IBVE DL . ASHIF FEA Ay i P RO ME AR i 105 5 < P o 168 o ol 5 AP
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£ 1 S0%RI 1AL NAR o JX L AN i g2 (KB TH SR 08 17— o sk, RIVRI A S P S vy o
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RAE BCC Al L21 AHRI PR EVE F7. il AR sE Il 7 = iR A miR R o BB R4k, Al15Fe35Ni30Til5V5
B4k B T RS IRGRE 2140.9 MPa FIEZEYB1E 6.7%. AR S A& 25 BC A4 K DlTE iR Ak S & 47 600°C
2 AL HE A0 S 1) BU e IR B E (245.2 MPa(g.cm-3)-1) . JB3d Cu & & At Al STl i 45 33t — 5 S B A& S ik v 1tk
PrEEET, HAP(AI15Fe35Ni30Ti15V5)99Cul & 4 Sl 1 5 Al AE g 1 i e P4y, e RS P IR 3] 2375.2
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NiCoCr equimolar multi-principal element alloys (MPEAS) currently exhibit the highest cryogenic fracture
toughness among known alloys, an outstanding property often attributed to their complex and diverse deformation
mechanisms. However, whether the equimolar composition represents the optimal composition for mechanical
properties within the Ni-Co-Cr alloy system remains to be explored. Furthermore, a systematic understanding of
the coupling relationships among the different deformation mechanisms underlying these excellent mechanical
properties is still lacking. By combining tensile testing with characterization techniques including Synchrotron
Radiation XRD, EBSD, and TEM, we systematically analyzed the precise mapping relationships between
composition and various plastic deformation mechanisms (dislocation slip, stacking faults, twinning, and phase
transformation) in the Ni-Co-Cr MPEA system. We identified regions of multi-mechanism synergistic
deformation that deliver exceptional plasticity and demonstrated how this discovery can be leveraged to design
high-strength, high-ductility Ni-Co-Cr alloys and their extended systems. This research offers important guidance
for the design of ultra-strong and tough alloys.
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1~1.6 GPa [ i A 58 15 ~359% 1 1) ST SEA A (K By R $2 0, 3X — VEREAL A AEBDUAT 1M 1138 & < 28
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BOtH BN M G R L U € FCC-BCC XS K 1 1kaE
BRIZAE ', AR 2, BICH 2. W
1 JARA R A B R ARG R TR
2. FAJTRHELR

AW 5K PO B A1 )38 (Laser-aided additive manufacturing, LAAM) #AK, @i bRl H 5
W& & T — RS 5 F1 2 ERE v I 2 06 4. LA 032 J5 (FCCO Y CoCrNi & 4 A4y 37 5 (BCC)
A1 CoCrNiAIO.6TiFe & &M AR N ERE, lid PR AT P AR R Bk 2, S T X G 4 AR ZH oA i 1A
. W& BCC BM ARELHIMIGIN, &EMEHME— FCC #H (CoCrNi. CoCrNi(Al0.6TiFe)0.1.
CoCrNi(AI0.6TiFe)0.2. CoCrNi(AI0.6TiFe)0.3) Ziii% 4y FCC-B2 X AHZ# (CoCrNi(Al0.6TiFe)0.4+
CoCrNi(AI0.6TiFe)0.5). HiT Ti il Al Ji 728K HEA b kR tE, B2 fHE 4T FCC R4 fE H, H
H CoCrNi(AI0.6TiFe)0.4 Fil CoCrNi(Al0.6TiFe)0.5 & 4&H B2 AR 73405 o8 0.5%F1 5.7%. FHZE A8 AR
CERTF T G4 1E R JE IROR S A PRTRL R FE 43 i AR FCC 4 42 (CoCrNiD (1) 486.0 MPa #i1 781.2
MPa 2T+ ZE BUAH & 4 (CoCrNi(Al0.6TiFe)0.5) [ 887.2 MPa Al 1165.2 MPa. WKL 4> HT 1, HiAkH FCC
Ha LM RN F, CoCrNi(Al0.6TiFe)0.3 HIALFE % Bk 2.5x10' m=2, 1 B2 Mffrih )5, &5 raiiise
FINGLEETE B2 AHE BEIMERR, BT smib oh 32 S . A AR A 4 TH SE SEEL T FCC-BCC XUAH 45 1)
PORERR TR, 7SS WA E REA AR BRI SR TR AR, WK RREHZ X ua e R A EESH
e
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28 S (TBS)TE [0 37 42 )& (FCC) L A & 12 e e X BB EH . 2R, MaT K2 50 H
A5 i S5 AT A R ELAE FH SR S 4 s it s Y8 09 SR P S OB T AR R AR R A, AR I N AT AR e T
M. FEAREF A, RATE KRS T EBAS FCC FeyoMngCoyCrioC milfi & & iahil 4 7 R s
WRE(1.93 um ) AR K28 5 L (ATBS). %45 FAFECRFRO0 S A SR 28 T R 7 F) R R, 36 JR L HE 5 4L A A
A B N TRE L RE /), HRTER TR iR 7 A T G faoE ATBs & MR, MMSEIE T A [H
FEFE AP BB SR o T I, FRATE/R T — At BT AT 1 b s 2% B WP AR ATBs 3R AN TAE AL AL . Ix iy
fa ATBs S04 EAER, WA R MAERT, 7T mEEMENFA, R T —FH s
BEIRAMAT RN, B8 T A I R 7 e SR BN P [FIVE L, RE T ArAS AR B A VR R TE, me#k
SEUT HRIRS) AR SRR E M AT R AR AL AR AT N . BATHIIE 7N AR IR K2R i AR B TR 72
HEFBRAE TR LR, X —HLHIA R TGSk dRaE, JFom i T il e g i 2 B WP AR AR i S R
2Tt FCC &8 S & hn TRk 1% 77
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EEME INAES R R, WEIFIRIE 1 BAAR SR S B PR REE BOR AR . BHTTR
B, BREARS SRR RES B, IEARGEEE (Bs). FERIRE (TC). SRE (T, H56%
R AFAE I I E BAKAOC R o BEX Bs X — R &, SR 1 BERHRBEAR S/ 9K e 5 e e S 1 S 20030
GOy S AIGE Aoy B AR BT, A RE A A S S S Bs BCONAIORNE”, RSl tE S S
Bs Y& U T B BN (1 R IK - 12 J5E N X 3 e B8 2 A0S MR RE 2 18] 50 SR Ik S B ORI B4 17
MCLE, AR Bs WAEVIENLHI VLR . AHT TS AR BORLAR S /20K & e rh ey - TR RERZ
BURI B, Dol B B ReE . SE AR A MLAS 2 S AR Y S (BB SCE M BRI 2 &, T ORi%ER
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D03-077
ETHLAREI R BREIERIOR BB B S HRRERT
FROCHE RV HREE. BhRrk*
RIS
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BRI 7 AL R RE L SRR ST, ERE ST RER SIS R (GFA) 5§ Bs ZIAlfF
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o, mrAFSINTE R A T RIS BL BBk, BATE S TN TR RS HE TN Bs, I
M 486000 7% (ks =3 (] vh ik i FeCoBSICu & #bAT B/ T W R, B4 th— &%) Bs>1.95T
H¥F ) He<10A/m KB ETERERBEA L FR, BATHE— D HIE T IRIE A B HN GFA, JF5CH
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LRI I A I R B a5y, IRAITERESRT . [RIUh, PRNERMERL T ot B IR Hh B0 Rk 1 e T
AL TR B TE R EEL . AR TR Gedfion TR AR S S G AR R sl (SR IR JGEFE A (18R
PERE K H B A A S5 RERW], SR AMBERDREFF M) (Ho) %28 0.78 Alm, BH MR K (K4 50%.
SETAZ IR AR B RERT BV s PR BE R 0 T A B, RN p st R B i SR T RIS B T R A AL
A RPER Hes T B st BRI BO AN rI b A2 I RIRERE AT 4L, S EURATERE 5L . iR 25 R W]
T2 ULt B SRR RS HLE], DRERREIER R T2, MU AR S & SRR it 1 Bk
BEHLZHES.
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BB )3 R — AR TR R E AL IR N vk, mT SR A TR AT R S A AR I e il i . 4R
T 2 R BE A 1) 36 SR A5 4o X DL R il A2 s VLR R 8 S 5 B IR ) RV I B S PR BB oK . TE AR AR,
FATOE MR T — PR 3 SR AL A R . %S R T YR U R O T B R, RO
B ) i R R AL A 4589 (BCCIFCC BT FCC SARELAR), SEIL T B ERemIfeth, M Rk
BRAN T MR fIE 2 e A S MERE AN o B FUE R A VR RN 5 B (XA S EE R
bt FeCoNi Hii & & /E R A 4, 18I A Y AE VR 2 SR AR AL A S M Al Mg . X — i FR s =
ANFEEOPIR: RIS R R I AE 4K Fe203 Fikr, 245 FI O 3D 9T ERHAR BUY I SE L5 A7 A5 AR
(BCC/FCC—FCC. Fe203—Fe0), fJqilil mid bt — bz A &AL A R . &k LR
IHRE, RRINIRTE T FCC ST & 4/FeO E A AR, ZARIERDUH AR S M R BE MR R B
SREIAE] 2.05 T, Hrmi Ik E 115 Aim, BT K2 HCCHERHGE B M G RS 4. hAh, FeO FITKLfY
FINERER S TR, EBERBIMAOK PR WP, AT RIR PR T 24 TR, BCC YA
KenHl FCCIBCC AHF X M Wi s W25 B FHASAE A, TRHOR ) FCC AHdl kLA FeO/FCC AL A& AH FH 1
X} W 12 20 (1) BELRS 2 35 FRAEG, AT BB A% KR Bk N 77 o AT T2 H BT 600) 37 SR g 388 Ao o 3 o 2k B R
SR R FRAE TR R, X v A AR AL S g AT S B ) TR .
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EFXHIREROA Fe B ARAE R &4 (BMGs) MR (TPP) HRATERI#MRE AR 5 F bR Ik e 3%
WL AE S (GFA) AR E M E, AMABLH M A S S HMMEMHEERK, FRT
FeeoX(B22sNb37Y45)1.y/31CrAl, (x=0~8, y=0~3) &&AR. WitH &R H S HRIIEBEREE ). FErid
AWAHX (SCLR). R EaEME (923 K, 60 min). K (FEBTE AL RE 17 LA 5 25 S T+ A i ek ek A
At WFFEHER T Cr-AlLY L& S RIR-ARAS (LLPT) X4 RHR v 5P A A 1 (1 2 S 3G 5mp L -
Cr-Al-Y St&E&WI TR REE P40, RAEAER SN &SRR §e ), BENE IR
PrEE il R i R s AIBEPEAR T a0 AR S W PR RE EIRS SRR BT 7, 33— 20 5 I o el 12k o
GEO R TR B T GFA $RTF. S5RaENE S TPP L& MERERISCIBENLHI . 1T 58 T & e B v OB
M v 5 PLA A TPP F BMGs #2418 8 2% .
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B TS VLA R I L 5 P DA AR ) R R R K R B e R T 5 T R — B BT AR A AR
KHL I HLF PN R ST E A A2 — . AR, IKEE Nb 500 B 8 o 3 i i A K R & 4k
Ay BARIRAG T Db A = A se bR i, 0 R A HA AN R R 3 P R I T TE V6 2 s Th R T B
TFRINZ RS Gk R BRI T 1.80 T MIMEAIBLEN SR, Hghk i ib S04 4 75 B g e ik ~10°
K/min FHEERFEE KT E, I R 152 S8 S0 A 45 8 OB T &5 i) LA 15 M2 A S e A R OR
SFHESS o B BOE T RAERNT T, B KTHEE R OA N T LIRS & KRS RS &
W7 FH () B ) 85 o AT T 1) K SR 7R — Bl AN T DR TR 38 K R AT R I H A S5 R A R 1) v 1 B Ak B gl ok
b A ST oy ot SR . AT AN KIE R AE S & & 1 a-Fe TERZRE )T, EERTFA LI Cu i
INEFEBAMIINGLE Ag, BT H FegeB1sCUi sAGos B M A E LA AL 400 € RS IERE, ]
TEIRKATHAIUR A o-Fe TEAZIN DA dbi A4, AT SEELFE R THR R KA FIgek k. & 10
Kimin JHEEZB K, A% H, = 10 A/m, By = 1.80 T MR IFmiPEERE: WIn P &M
Feg2.6B1sP1CU13Ag0 1 T4 10 K/min FHE#H IR K5, WiEE| H, = 6.5 A/m, Bs=1.85 T KL R ERHEMERE -
BIA F— 25 PRAR T HIRE R E AR 0.5 K/min, AN P 1 FegyeB1sCuysAgo: o 4 U AT4ERF H = 15 A/m, B, =
177 T WIBHLPERE, 154 P 1Y FegpeBisP1CuysAgos A &R I Ho = 8.0 A/m, Bs=1.79 T ML 4R 1E
RE. HIYE H AT FT 4SS BAHEN, Ag VR INEE AT R 5 Fe 4k 2 BRIt T R IEHR & o-Fe IR AZ IR, HKIE
BRAR T AR R S IR ML BB JGRE, AT SEBL 7 % S A K 3m ], Seil 17 & S RIgkiith. %
BRI A I BRI ANK i A A ) 5 SR B P TR A B R AL T — R E B SRR, TR S Ag &
SEUE— DB Ag HIE S R IIE B RSCILE KR T 51 D 26 MG 4 5 iR B
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SRR ARG A Sy, S DR B R R R R mE R T SRR, & a2
WHLT Fes CrocR & &, 1M Mo Jo 3 (E 4 = Ak 5 T HBE 7077 RIS G H A FH o e H SHE L PR S5 ) g e i 5 4%
PEREI) FeCrMOCB 4 42157, 511 B3 thl 4 (16 5 0 A TR R iR 2, LA S G ot B T S 5 12 e,
£ 3.5 W% NaCl i EMHEAI-0.34 Vagages JEIHHIREE 1.4<107AlcmZ B2 BEHEL N 6107
mm®N'm?, 5ORENEEIERGE. SRS SBRE. BRSSREULEHASBREIT L, A3
i AR A SR EGA RN . A SBRERE SIS TGS, Kigiem 7R 2R
TR, NHM BT R AR
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400+K. ik, YER)AEATERE S HAGNAE G, FEEJESR IR EEAR &, 1 2 A AR R IR i v 25
K. £ 5T 47T, Fe70Cel2.5Pr5B12.5 £F4Efw KHAMEALH 2.78 J kg-1 K-1, HHXIHA 25 RCP il
758 RC 43708 347 Jkg-1 fl 260 J kg-1. Pl & MILF4epimittae Ry, RARKMLRTR, AR TS
HEECA WL AAS R o DL R FE 45 R, 15t 4 FeCePrB dE dib 41 4 S B S IR ME v T, AL
A YERIA TR BRI T — & BL S FIEURE SCFF .
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M ke TR B ARAE AT, H AT A S . ARG RET InNi-Ta &R, BLHEHIEERE
I ERAETBL RARIT T S e SR s i, i AL 2 A ) oREk . B Fias RiEos, BB
WS )R- R R DU e R - S L AR R A SR . XK, AE I-Ni-Ta &k R, it
JE bk 3 B B A R R [RIIN, AR AR SR A AR B TR B N0 (B e, ATt — 204 i
TESAFHMEMmYE, B2 7PN, L, AT PR HAGTNE, Wi RRR
ML, RGEMOTTT T & ITRIINR Cu-Zr & &R R B MAT RN . BTFEABL B ANRA R
ER-ERENER-ARNGEITR, WA RTINS S ROMTE e . MR TEAH ELAE 60 A TR
AT, BATEIL, FEREA G SR RIS LR E IO, PR B 1 SCBUM 8 ok T 5 (4 i 5 BT
Hem-eREmelR- A, X -RIvGEURmTREsRt r E28E . RRRIEA T3t
HA LR R A & <

D03-087
FI RN FRAE KSR & R BB A B A R NBE B B 7 v
BN o = P
1. A& R
2. M TRHE R

FIHACEALGARENRS 30 Fofr st AL S ANV bE 0 I KR & BBt AT I, #8717 e e Mk 4
R, R4 R B A N IR R ol I Sk JA B P AR AR HERR T AE R f . 38U 4E Olliver-Pharr
JiEH AT B G B K . A% 48 Oliver-Pharr J7EANRES FEM BHERRN, 75 20 T A i) H % B
BATIBIE: X @@ BORNZE IRy 1.15, MAEF M 1.03. KA RERFHER 2O ELEISC R SpETAn
ETIRRIELE s BORIRS . BIR BEAE Sk S KA IR b i R ar AR A A B2 (117 IR LY s fe KA
55 8 KA RS 1) LU AR5 R i B ol I B 42 i PS8 AT A P58 Bl I B o R BRI 28 LA R B TR BAT R E R AR
FENL T DUFR T B L] R E CRISAPE T AT R D) 2 LE L SRR A8 S i KL RS 22 L iR L S i KA Z EE
B N5 e K ALAE A NI BE SRR B LA 5 I N FE AN i B A ELE 2 TRl E R R S BB 4
Oliver-Pharr J7 3% o I NAE R AN B 05 IR LU 2R, ST 1 DU B 70 A RS B AN BE L 1) U5 1. b
G, I AL B S E U 0 A A DA IR BN R A — e IROT AR SEERER I, 3K 9 R
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BT RS R 5 IR O EN BAE R 22 /N T 5%, TR SCRRH ) 5 Al b G Jm I 1 Bt it — B RniE
TIRERPE . R 9 FOEANT B AITE KRR R E, ERAHE RS, AT EH B R
Rafszmn, SR AR B 18 1 A s

D03-088
T 2 A ELAR F AOTR R B 22 X 2% T R 28 P S
T3>
Hh | AR BT TE e AL RHTT T2 T

e G S R B AR T R I B B A S, AU IR X 85— 87 Y] 548 X (shear transformation
zones, STZs) ——K/ERENIBIEEHE. Wl T 558005 EREHE TN L/ A B PE S, — B2 AR A0
B EE . AT 7T IR R 2% (graph neural networks, GNNs) 177425, it R4 5] A
AR AR DU IR s 0 )R A EAE A, HER T AN A ELAE B OO A S S A TR
SR . BEFCR I, I\ = ARAH EAE FH IR B B e W25 (1], A TR G I R T A AH LA FH (8
Ri[2]. teAk, I bR R s X 4 FIU A7 S AR T D 7 B R R, AT B U A AR X iR R
RNEERIATLE iR X (triggers) A% sl N2 “ERBEIX > (followers), FHHE7R T H28 IR TR AR T 2 11
B X — TR D T AUE R T A& & RBEB M FA S fF M ss i, AR MMt BA
AT BTEAT NI AR A SRR TR .

D03-089
Ti Z 5 RSO RE -5 W R 1 b RIS T SRR A 52
BUER:. Tkl
Hh R e < IR T T

A i A <o A L B D) PR R AR R 1 i R = A B, M R 7 T RENI . NGEIX
BRI, FEARR AR T SN SIRAE AR S N AE R G RRL . SRR B AR i SR o o P A4 A S i
HE T BM TR IR &6, EHBRPMEERZ R, 555, JEdmE SPPRHE Sl A 52 2
JPIRA T RIASTEALS 2 7 M ARG RIR AL . DRI, RGUTIR 1 & A8 0E S AR AR AR f AR i) Ti R R
AR RE S W RITE T . B TCRIL, ARAC AR B SRR BRIt EOL R R A Ik e, (B
WA TS A Fog s AR AR, X — IR SR G0 dn AR R A v B 5 I 2 1A G
MR . BB TR, AR - S AR SUR R AR AR LR AT SR 0 A S RS MR - B A
AR, AR YR SR SR AT I I R T PR AR 175 R A it B D) B A S (o A 5 hn R AL B T 1Y)
KUEEESETr: SR, FEWTRIVEN I, SR i I & N IR 2 7™ FAM I AR 5 B D)7 B AL AR T LA
SREFER, AR A S AR R AR 2 18] B R R I i R RN R, ARG R SR, &
K PEMRMARSE SRR IR R N ST DL BRI, SR T — Rl 2 e AR e PE AL AE
fn AP RHERERSENS, JFSCIRTESE, BT MRS R A RHF I SCBL 1 ik e 5 W R I b 7 5271
M E bre XL T ARG R A MRS 5 F1 A TERE R OC AR, INTR 1 Ak & BT UL R BRORAT 9 Y
g, NITRERRLGAEERIARRE SMEIBE T BRI

D03-090
Molecular dynamics study on the effect of cooling rate on the mechanical behavior of B2-CuZr enhanced
bulk-metallic-glass-composites
Huahuai Shen,Xiaoling Fu*
Guangdong University of Technology

Metallic glasses (MG) have attracted considerable attention due to their high hardness, high fracture
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strength, and excellent corrosion resistance. However, their poor room-temperature plasticity limits their
widespread application to some extent. To address this issue, researchers have attempted to introduce crystalline
phases into MG to enhance their mechanical properties. Molecular dynamics (MD) simulations provide a
powerful tool for investigating the properties and deformation mechanisms of amorphous/crystalline dual-phase
composite materials. In this study, MD simulations were employed to explore the effect of different
cooling rates on the tensile properties of B2-CuZr enhanced bulk-metallic-glass-composites (BMGCs).
Molecular dynamics simulations were conducted on B2-CuZr enhanced BMGCs at an ambient temperature of
300 K. The results indicate that as the cooling rate decreases, from 100 K/ps, 10 K/ps, 1 K/ps, 0.5 K/ps, the
content of <0,0,12,0> polyhedra increases, resulting in improved mechanical strength but reduced plasticity. In
this study, as the cooling rate increases from 0.5 K/ps to 100 K/ps, the deformation strain increases from
€=0.407 to e=0.466. However, the specimens with a cooling rate of 1 K/ps display notably better
plasticity, deviating from the trend. This enhancement in plasticity is attributed to the increased presence of
<0,2,8,5> polyhedra in the 1 K/ps sample. The findings of this study provide valuable insights for the design
and fabrication of high-performance metallic glass materials.

D03-091
Enhancing toughness and plasticity of multilayer metallic glasses composites with gradient heterogeneous
free volume distribution
Yongwei Wang*
University of Science and Technology Beijing

A strategy to enhance mechanical properties of metallic glasses is proposed and validated by finite element
modeling of multilayered metallic glass composites with various initial free-volume gradient interfaces. It is found
the ductility of the composites improves significantly as the number of layers increases. The bimodal statistical
distribution of free volumes (FVs) and its gradient play important roles such that the composites containing FVs
exhibit tremendous improvement in their strength and toughness as compared to these with the random FV
distribution. The strengthening and toughening mechanisms are related to the initiation, and most importantly,
interaction of propagating shear bands at the interfaces. The results demonstrate the multilayered composites are
promising in solving the strength-ductility tradeoff in metallic glasses, and have great implication in application
and synthesis of multilayered metallic glasses with enhanced mechanical properties.

D03-092
R RS R R T AR A SR I 5T 30 /1 A AEHIBT I
FIAR* e, BUER
Hh Rk Bt < R T T T

KBTS RE 7 ARG G R A m R WSS R NAERe, BT MR AT . SR
AE dir & < EVE A TR BR 1 £E = B SR AL BT Ul ohy, S BOLRIL SR AEVESR G AN 95 5 (1 [RI 52
e VR AR S S U BT T . A TARIE N 7 13 S AR AR AR i S SIANANY SI A (R
71, WTHARTE T S5 MR B PRSP X Cub4Zr36 JEfi A & 1= ERE IS A, ANTHOERUBEAR
T T IRANL AT WAt AR dty 5 @ B VI AT RIS LB . AT TSR, SRR TR AT A £ RESI I BY D) e (1 TR
R AT v A i e LA S ARG s T AN S AT KSR AR T RE S AE LA AL I A g itk 22 E BT 1)
I RG  FRARR AR R AR B AT R S L I8 . AR AR AW UESE, i B B ) J A RS T AN
AR HAYORZE R w] ASEBLAR i & s f R BBV E A RN SR v, IO s PEREAR & e MR BETHSR O 18 (0 R %

D03-093
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Ti ZEREEEEME
S BUER Y IR Sk 2
1. PEBEEGE R AT

2. AAbR= ResAbe

& SRS AAA RS+ @A, v DR AR RS S SRR PR RERF L. Bk
HATHSE Ti ZAERE S ARITRE 7R R BER NIRRT 7T AR VCREAIE Ti A ER G eE 6
BT ERAS I EZRR, SR T IER S E SRR RILEL, Sl T RO R 878 T PR
P EZRTEALEL, e SeEL T ARRE AR PERESR T, .

D03-094
Fe 254R 8 0 E RO WO B ) 6 S S S B
S
o T ARSI 54 T

T A SRB RFEE (RR O 8 (EHLC) RN Fe JEEG & iR B #4524 T — Rh bl B BT S (038 7
s ARAZHARTE S B R AR AT THI G 7 R E TR . AR SO i H SAM1651 28 LBl 4 I FE T ik
WOCBREERAEREN S, REMA THEOCHRE RN R ZIEMA S & HOWH LR B 1 68 152 .
SRR, REEOCHEREE T B ERERENIEREES R, AR RENRGEEE . P iiEtE
Mo12Fe22C10. (Fe, Cr)23C6 “EittH 2ol KRN FERN R, @it TZSHus bt & &,
B BRI E TR AR . fif BN R, dERAMHE S ER & 1-S100 £ 5 B SR E 7.5%10-6
mm3-(N-m)-1, ¥ 45#M$EF 5 1%, HEBHLHI LIS BHONE, MR MEER . BEEEX Fe JE4Ed
HEREEE B IS B R R 2 T RS 8, AR SN S A R s i ok ng, @
i HL FeS0Ni30P13CT7 ki 42, T I e OO I 7 I D il 46 H 58 2 B AU Fe B & &R 2
FERZ T NIE & (Fe, ND)PITE M AGAH, S8 TIRZ NI i ER LG A T VAR S
P I E B R (R20.95), NHANIE IR ERRELEEH St T EEMETE S BT R,
e WAL R 2 1) 3 BB IR 55 BB A BB, AR T IRZ T B 1 Re . 7L R |
I R L S T A R R SR, 4t B AR R AN B ) TR AL Fe34Ni20Cr20Mo5C4B4P12Nb1 HE
m e IR . 1E Fe ZEAER &S U Cry Mo &hiafbon s, BERA TIRERPrEbtEre, KT Ak
BEIRFRRE . WRFRAE R, B R SHURAY R Ge 7 B P RIE A8 i 2 A B 1t se B T BA R Fi A T 3-4
£, BHRRGE 2.7>10-6 mm3-(N-m)-1. 1X—FM P BCR 32 BH B T30 2 B A iy R P8y e e
FTIRUEAERE R B RIS SR AN . AR SCAr AEE LA FETHIEAINT H AR 2 o % oA 3 T R ()
PRSI =R, LT Fe JEIAEMA S mIEBOGIA B AR P R AU R, RS T RS
Fe J:E IR 2 M sl HOC A E 2%, Tl &R ERIVHAL T i BB ERE, MO TN EPERE Fe BEEM
HERHS 5 NHZE T EW S HERRE.

D03-095
FEFESTE RS HIRRUN
WL R* REE
e L RS RSP e 2 [ B S =

BTN I AL RGARTT T AR di s RS AU, 3L 1 3 TR RN 10 AE i & et
SRR . ARG SR, 87 TR I T2 SO BRI B RE 1 I S PEA T
H, SRS E N T s SRS S S Ry Bk JE T LRI, B FF R Zra7.59Cu41.41Ag11 3 &
aré, HImFRSFER] dmm, RESCHIIRIE S0 (1 2 £, B2 R0E 1 ISR VBT i RE 0 1P Al 4R b
MRIEErE. fEARG & @ RTENHIBE T H, SIAIRSIE I E RO 45 5 R AT BN 2. it
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SEJRT RIEERESTH T, B U TR TRV AR RSN B LS, 4878 1 mdiRsh i X 5 =) i 46
FRA AL BN B2 DG 2R, B P bRy el A 1) 7 B HE AR S B PO oW L ] o AR 5 3 i A A A i 5 E
m B, A IRSNBIT TN, R T AR S ST RS AT RN RS, AR
BB RANERETL AL SR B 13T BB SR AN 5 R kA2

D03-096
REKHIFTES: “HROS EHFREPHFREEKEEY
BREDSE S BB N ARRRA T SR, miE RS Ml kS Rt
L An s Rl =
2. FEBFEEBEE AT
3. E A AR TE e RS AR 22 T R S =

Bk, HERIBAPAUE DA FHOK I RAE— AR T RS H BREEA R M4 R
HOKE B IRALT 100 ppm. EITHIIBE RN 2 A L2400 LR IXKUKRIAFAE, A ER RS AR X AT
B2 NTKIAEL . AW TR ALE S 07 e, AT T 55k Bl I Ay B ER A, B ORI
KPP OFARGH R E MK E G5.0wt%), HUSFK (H0) NEZMAIEN. 456 E A
W T RER AR L =T R AR, BA RN I L B R A A ph AR USRI K SR, B IR
THEdIE B HRNK . 2R — DA PR i B R A O A BOK A BB AR A, 0 B2 ] BRAE
R TEACHERL . KB R Faris AL i) B AR SR H 3Kk B3 M) F dlomes L AT B KR 5 3

D03-097
BFLACEMBOCERRTT Fe IR EEREMA
FEZ 2 A, BE T2 TR dp
1 2B TR IR (R Joidt i T 5 F A A [ X s e =
2. ZNE T RAM R S TRESERE
3. ZEMIE TR SAIR N A IR AT 7T b

Fe JEAEM G &R MG IE H . 9 BERE P vy LA B I o et B 3 P B A Sl iz B T i B 4k, %) Fe 2%
Ak B R J2 AT L AL BRI O B R A AR U 2 i S 1 me AN M BRI R . AR FT LA R B N
(Fe0.5Ni0.2)61Cr9Co6Si1.5B17.5Nb5 1] Fe FEIE Fh IR 2 T TT0 R, AR BEAT BERR By FLAC BE S O I
SRR, PRIT IR 1 BRI S B S R B R B (O BERREE BT FLIR Z FLIR 2 AR BRI 3.72% R I% 2 0.41%,
7E 5 wt.% H2SO4 Wil HfLikZE BA T IER A B MAAL(Ecorr = —336 mV)FIFEAR I [ 55 o it 255 B
(Icorr = 1.331 x10-7 Alcm2), RIUAFEMR F MR, (2) BE#E H2S04 WK, US BRES
APS 121 T ik e R B AN B R i AL, T R PR REFEAIG, (2 APS IRZE RIS MR AL, &
LI ZAE H2S04 17+ AT 8 ik REB R T H2SO4 VIR FE,  JLT 8 ok REE H2S04 1 iRk FEE ) 3
I B, BEER BB ER . AREAE US IRIZF APS IR)Z M B th i RE I FHE, 1B APS 12 B
JEPRPERE L T US iR)E. (3) BEAIREERIEIN, US IRZF1 APS IR ZRTH H I byt e i . 59
THIREALL, 80 °C Fig/Z R H & il H i 5 BE (Icorn) S i, [ & il L7 (Ecorn) B S TR, R HHIRJEAE 80 °C
B RS, R T RER, SUEREN B MRMR I BUR AR 2. (4) BOGEIFIRER
fHEE1S 292 T, H 425.53HV EJHZ 1089.06HV; WOLEMGSIRIZHEE#HF N 2.7861mm3 N-1-m-1 F[FE=E
0.6565mm3 N-1-m-1, FK UG ENE 5 IR JZ M B REL = .

D03-098
HF Mg HEf 24 S ASHHIE Cu K Cu & SHKERL
Tritsie
JEFAA MR KRR 5 TR
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L Mg80Cu10Y 10-(M=Cu/CuAg/CuNi/CuPd/CuRu)E i & 4257 N RTIRAAR, H2SO4 A vhitl, R
LML e (PVP) FIEE 2 I (PEG) N4 7], KA L& @40, #il %3k T Cu/CuAg/CuNi/CuPd/CuRu
KR AR FIOFIZE. PEG Al PVP 22 8] (I L6 A gk Cu BoRLIRAR . HLAE b LR 4 HihE:
IR, AR T2 Rent F 4t CuAQ/CUNI/CUPA/CURU 4 4 4K R 3148 58 BT | 4 4 40 K 0kE R BT
A (HER). #r¥& (OER) fEfLIERE. 59K, PVP EA KU A5 ot H 45 t 9 KB (R 42 5/
PEG BA RiFmpisa s, PVPIPEG Lh—sE LBy, Bl gk Cu Bki e B 2Bt 5t a1t (1) )
i B e/ NRAR, CuPd A S/ MG FA AT A sz, 43008 80 mV il 376 mV.

D03-099
RGN = [APR ST ELAE IR T
B>
RGP

Wt NI S IR R T AR AFRESHFEE ORI 8, BINGEZHY
JREHERR AT B, 8 XA RS R, IRNTFIT T S 52 F 22 B A i o 1K BH XU R 9 K
A A B R BOE R LA o S8R T B SR RAE A R G R ST R ST AT, AT TR B 5
A e AR T IR AR BORSET U2 _E B 92K IGRGAREL, B 5 15k ] OR A7 18 oy B R
1113 A B P DU e e e 1) ROBE (R AR AR BRI R T — 71 oK R A0 00 = PR Ji 7 A s e 1 RS
N 3-5 YR INRARGRGIRL . IXEEAN R RUST I GR PR 2 48 H SR 16 AR5, BEIMTRE i H BRI
PRI R 1 . BRATHIBI FE I B 1 B34 Jak o AR BR WA AR oK Bk A FR AR, 38 T H 0tk
AL LRI G RIS B MR REA MO A SRBE RpR A il . RISt T EE S 5%,

D03-100
i RIFRIE R MRS A BT S th R FEALRIBT 5T
BEEA. sk
Hh Rk Bt < R T T T

AE iy 5 < R HURr 10 T e SR T S R T R DL A S (R 77 24 R e, (B L SRR ™ H A 2 7 SRR . B
SRGINTINE S RAR AT UL 80, (BAEAE DU SR B A o BERTIX — QB AR FE ) 1 —Fhidid
JR AL A S G S AR i R A MR BTSN, IR EISETT T ARG E A AR SR . B R AU AN
i HE I R SRS MEE S TR % 1A SR R R AR R AR, AT DU RUR AR ok Kb 05 i R
LAy S8 065 A1 SRANAH ST 45 45 99 S iU i o AT ORI, R A S Ay 0 AT AL -5 i PR AR AT i 2
JEEBLH R ) i R S A LA« BRASEA FC) e A AR AN R UL A D B o 8 A, o i 0 ) (S 85 4T LR
FRTIL VAR R MBI IS AE5R L i, =HEREa SBIRAE R SRR R T e R A 5 X 2%
AR T AL R AR, T AR AR o 2 B UL (G 5E, I iR e T R AR AR
BETTo BRI T3 AR R AR AU R EAR, S E R T 1 L - M- RE A 3K
KE, AR EEPAES R SRR VT HRiE S .

D03-101
CuZr ZJEde 5 ARG 5 IRARAE L B 52
A B, KT L GRY
1. HIIRE:
2. FaLlisiA R I =

=R/ 8 R = W 9 i = | ST el O AR S I LA | Tl 57 Tl M 6 | B el R |
ANHA G IRAFAAZRE ) B2 @b RARRIARS R S A0RE, A A AR 5 S SR RN SE B 1400 5 gz A 28 A
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TAEACRE ST, 2 H AT RBAR ff i e e ROS AR — . AR, 1ZAPRE B2-15 IRPRARAZ I S A e 22
HURI MR A SR, S RS S AR AR N 22 AT VR FH AL MR BB . fedl, FRATEIE EBSD.

T R4 AL [F) AP A S -G Tt SEIQRTIT, S5 & Sk i 22 i, AR CuZr FAHASH BIAR & A Rl
KL B2 IR AHAZ 9l 5 2 A7 15 {110} 82<001>, B V)R 1 db A% UV AZHLH, BT 5 4% [ 5 VRS

WA BT 7, E<100>HX A (1) B2 AHAEANAZ H 5 ffghr, 1ilr<111>/<110 >HUF ) B2 AH 5 AHAZ BB 15,

BEMTFE T 2 AWM RASTE A R B SRE A AR A A A B I e, [R5 R AR AR (B P R 5 T 2R
Ly kAR . WAL EES B2 MMIICIZ G & @RALEY. ml& eMIER S RN 5
AR A NS HENE.

D03-102
[ Xy Ry e ol B Y R Y R A
1 e
M /RIE TR GRIID MR 5 TR

SRR T R TR SF . S LSO RS G ERE, — BRI K - H & A
JRZ SR R R SR, H AT R e R AR AR S5 N AR REAN LS . s A
PESCAED A FAE TR S U, O 1@ N A BT AU B EER, BT S O A R AR B A e R A kLR
A+ EERE L AR R A BA TRBLIT R A LW i & 70 T O Tt e o AT T8t Al
# IAE s s e e et EZ TR R G e AR SR JREd R . TZRE. A8
GRS G SR RIAT TG, X EERE. ERE. LB IERE. HUMTERE. AW AR YA
FESERAT T REHIVH

D03-103
FBARH S5 A BT K 3 SR RE LA
EEWE RER
AL Tk R

e A AR DR LU (14 25 28 7 P ) 580 IS ik B AT DL L T ] 40 L P T 5o AR TS AN [R] s BTt v
AR BT R UL RETERE . — R KX R & & (HEA) EFIEZIh & 7 BA 9K Z AL
HEA, it —D4iGAEeRca B s, A2 LM/ Vi B i8R, B 7Ol =&l fL A5 A4
RIS AL T DA R 2 BRAL P (0 2 AR, B v B0 ) P 1 AR S T, A PR b I e LR
EADLRRIEA RO . B R G &IAS SRR AY) (HEO) FIfFHEE T il ikl 45K
W1, HEO ARMEAS i i/ 3 1 S A M AR AN = 5 AR AS A, B RTH B 9 B R A G f g e 1, RIL
B A REE MR . AHORHIE O = A RHE Z Jetl B iR R b S M st SR RedL ik ittt 7 2% .

D03-104
Al0.3CoCrFeNi B &S HRAESBE LT AFR
AR PR
&R

AlozCoCrFeNi il &< i - H S IR T s AR R A& LR I s g i e v 5 A1tk pe 2
BTz RV ZRIGETR M %A S 620°CLL R KB T 4/ L1, # AR, TBEIER = 2] 700°C
I, LI AR, XA B AR, (HZRIE ok ZxF L1, i HAREAC R ) R G TT . A PREALHTII0T 7T
KIL AlosCoCrFeNi =il & 1E 700°CR AN AT T, BARFIEEKER L1 M, 5 B AR A7, X
5 CRIE RIS R AW FIRZ G BRI RA LT 7 R0, DX & SAEA RN L
5 NI RO AT AR BRI, IR, RS N IR AR AR E AT B R . fE T00°CREAT A kb B
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I, BEI O A REC, B, AHIEHIE, M L1 i 2B, KoK, 2, R3O rEs. 2t
DA BRI T & T15°CHY, L1, fEREIS (8] ATSRAEAE,  HLBER ESER M . QRERTH % 720°CHY,
L1, MHSE 4Tk, (A By AHAFEAE, TESE L1, AR S 20 715-720°C 2 [6] o ASHE ST B Alo sCoCrFeNi
R A I L1 AT BT BE e FEAR & e IR RS, LA, i STl

D03-105
ISR T H NDTAMoWTi Mt Rl & S R EAAT AFT A

RET . PR KA

[ 2 5t < S T T

s EEEme. M. 5. B PSR T HERRNPURRZARE S, FhHE TR s A
MR B O R A RSP iR E LR 1, ELEBIIRE T, a4 600°CRIS KA« dFEH M, &
RS Z LI Nb205 At B ik, HADMEIA &E TR G & A RN RS . NE&PERELEE
JIRRGIMEE B AN EERER. RIESE USSR CRARNEEE S, Bl A8 gl
Wit AHE H R A A BT AR 0 S ORI R R M S A RT3 BT RS, AT T R 2
IR AR, A EMAAIE &B TR & &P bR IHRe 51T W7 K3 Nb40Mo15Ta20W10Til5
HGE AR BRmM BRI, LA ERR L Nb521 & 48— MIEXK.

D03-106
Corrosion behavior of FeTaBTiW refractory high entropy amorphous alloys in liquid lead-bismuth eutectic
with ultra-low oxygen content
Shahbaz Muhammad®,L.L. Zhang',Z.Z. Jiang® X.S. Wei**
1. Shanghai Key Laboratory for Development and Application of Metallic Functional Materials, School of
Materials Science and Engineering, Tongji University, Shanghai 201804, China
2. Key Laboratory of Neutronics and Radiation Safety, Institute of Nuclear Energy Safety Technology, Chinese
Academy of Sciences, Hefei, Anhui, 230031, China

High-entropy amorphous alloys exhibit considerable potential as corrosion protection materials against liquid
lead-bismuth eutectic (LBE) due to their disordered atomic structure and the absence of grain boundaries.
However, the intrinsic dissolution corrosion behavior of high-entropy amorphous alloys in ultra-low oxygen liquid
lead-bismuth eutectic remains inadequately understood. This study investigates the dissolution corrosion
behaviour of FeTaBTiW refractory high entropy amorphous alloys using a sandwich-structured composite film at
550 °C. The experimental results indicate that as the temperature increases, the elemental diffusion behavior varies;
however, the FeTaBTiW refractory high-entropy amorphous alloy does not exhibit dissolution corrosion after
exposure to lead-bismuth alloy at 550 <C. The amorphous structure acted as a diffusion barrier against Pb/Bi
diffusion.

D03-107
(Fe35Ni35Cr20Mn10)100-xTix 15 @ & LBk E K b 5 1% 21 72 F AR 7

A 1>

IR R

R SCAG ] 4% H I ] 4585 75 (Fe35Ni35Cr20Mn10)100-xTix (x=0, 1.96, 5.66, 7.41) & & 4r . K HXUR
FAH HL 1 BB R B F BN e i ) 2 S 2R S M R 27 il 4 AT SR AE . 7E Fe35Ni35Cr20Mn10 HEA
FIIN Ti 0K, BEGE 2P REH, ALK O SET, AR Ao B ad 2.
FERG i E T X3, AR TR RO A TR BA — e A2, BAAESRFTHEE Ti & &8 IR0 H &
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AL HRFE (x=0, 1.96, 5.66), {HAKSRHI#A— FCC L5k, 24 Ti & &I I & 0 (A AT H
(x=7.41). Ti EEMLUIGEHIGHRTZ . NZURE, BEE T 5200, B R XIS iR
B, BEREGH CE Ti BEY) WEEFREMN. WNRUCEE, fEifaiEmtmX g, bE
Ti S EMIRS, n2 AHE O T G R LGIEET R K. 245G PandatTM AHIEL, 1118 1 Ti5.66 Hilii& 4
(e o AR B IR PR, B T X e g A FCC AR . fEIX —idfE v, mfvEasiy Ti
JLFRAE FCC R T HANFRE, SRR X, SUE Ti 7oz dk i B S ) XKEh R A . 78
ERIAEE R, B A R IR DR —ANE Ti R A E A, S I RER, NI3Ti A DAERIR AR
RN H o B a BEE 3L R IX, EAR/N IR X (A Y (1017-10090C), & AR Rk [E A4 i FCC
#H, Eta#H, BCC #HF1 Laves #H. H[aILIEAH Laves AHAT BCC AHIE L [EAH s BiH 2% . BARIX —idFES =4
Cr8Fel6Ti5 #H, {H Cr8Fel6Ti5 AHMWL & AILIEAH, [RIFFEE I [BIAH S SV 2k A4 il Sigma #H. e R T
Eta #H, Sigma HAIZE{A FCC Al —#2 2l T Ti5.66 miffi &4 5000C I 42

D03-108
AA BRI ERE R E RS S
skEdE* TR %
74 42 338 K

=11 4 (high-entropy alloys, HEAS) R | LA— el Fl o &= 8 EHME S & st #HE, 23T
BRI m R &R RENFE, Sl aeZ MR GIE T MRRE ) 2 0E . 2 ook
M SRS S A S AS IER g Mfae AEARE NG 4, Fraliff) seo il vk A g s Hh A 72 6
PR RER) S &< G, T A BT DR v A8 26 — 1R SR B A & e 4T LG EE, o R AN
R S S SR BRI T o AT, 1L G B — 1t S5 B 7 VR AR M A BE R A IR 14 1Y) 22 = TG e [ A A
FE B ) muffin-tin $/L1E (exact muffin-tin orbitals, EMTO) A AH T #A Al (coherent potential approximation, CPA)
FH &S5 G B 7715 e 8 v ROHE i R R S S e b A R R R G R o DR, FRATTR B — 1t D 2
EMTO-CPA Jiikit BRI AL T & &R Cantor =il &4 Senkov XMEI Sl & 4 DAL BIRE =i & 4 A
FENE. HEENERE. ERERE. 1 ERE LLAAHAR LA B REM N, A A Sl T SRS T P BT A ik
mVERE RS S, JVSEIRAT IR M 1R E R EEARE R B4R T, IS SRR R B

D03-109
Effect of Cr on Flame Retardancy of CoCrFeNi high-entropy alloys
ERE, WiEw, R, B
JEE RO B B m ARl 4 1 = R Sk =, dbat, 100086

A (HEAS) PRI SR IR eV, A2 il N RO 7R SR H a1 e SR, SAEGeEk & 250,
FE A R EM B SR B E N Z e XK. & Crafiae (HEAs) JEILH R AIRHMATERE, (H
AR BT O M AN IR o B A RGBS 1 LR RAL, KRG T Cr & &
(0-45%) X (CoFeNi) 100-xCrx =i fif 5 < PR PERERIRE I . SEIRZE R, Cr & & 5IHATERE 2 (B A7 4
FEHIRR AR, Cr ) “SEHL 7 R HRIERE XA G R A% L IKEh 77, AR SS R RS E M 5 A2 RS 1
ENASTHTE AR . 5 Cr & &0 30% e sy, T BGELEAS Cro3 =, i 1 Sy A
. CrigEidm (530%) =it BCC AHIIE AN CrO3 Ik, IR, BRI A A=
fgsEtE. I @MA VEC it — D W] T BE% Cr & &g N, M FCC Z5#4[a XA (FCC+BCC)
SRR, AR RS E MR SRR AR R . AW SO B AR R S e pe gt THLBEMESE, 8-
Cr IR ORY ARGESN 7157, Wik BAT U8 57 B R B N2 FH T 2 R S8 vt il SO B B LR 45 <29
[ RINDE

D03-110
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Fe35Ni35Cr20Mn10 & /@& & B B TR 22 38 47 il i
TR, BUE R
RN

& L2 BEMHIEAE N — R S IHE AR, &/ T RBEERFHPESIE, SR, 5 Rr2mnT
TR & R G S AR IR S, H AT 22 350 )& R 7E 2> o AR L E SR R R I 4 AR N
1.2mm ) Fe35Ni35Cr20Mn10 (=il & 4 2244, A4 ARy Fr UG 22 SR 3 1R B A sk, Wt 7 H oI J 22 189 A 11
A SISO HARM . ) AIEERE . 45 EKY], Fe35Ni35Cr20Mnl10 & 4 19 A4 il i 1V
HEARRT A AN/ NI BOR AR, A B A IS S, RIVATHE, LI TiRed G . WMHlE e
{R¥FE FCC HARLEM, BA SRS SRR S om B A S B 1, EATY B ORI (T Fog ek o

D03-111
R RV RS R ERRO R R TIR R E Rt R RE e S RS
(I PE N TP
iR

L 0 G 4 (EHEAS) PRI HMURR (0 7 01 /2 G5 4601 46 52 0, AR T T A &R R s itk 45 & .
WG CAMD HARTE S @ Uk B R PO #A S R — D R T R m i A SR . AR
KHABEOEE M EERYI (LDED) HiARMI# TIE2E0% . TREUY AICoCrFeNi2.1 L& Sl 6 &rtm, H
HICT FCC AMHAE Y B2 AHAZ B2k, I I HAPK B IL R Z Fr 2540 o a4t — o s g 20 0 2 [R]85
HWg, RIILEE ST b R A, AR FE RO R A SRS N 42 52 40%. ARAL S 3L s & 4
R 1,214 MPa HH R B 16.3% ) my 3 S 2, HaR B0 2 AL AR e T 14%, 50K
Tt 47%. 3L SRS SRR R IE T R AR TEE S (HDD 5@k RIS ML B [F 4 o
WAk, AL 2 T SR Be A R AR N B T S U R SO A, AT A 2% W SR R 2 1 . AR SR
HH 11 25 [R]85 SRS il LDED T2 & stk e & B RHE gt 7 —Fh T s i A 2 7 v, H R A EER S

D03-112
TiZrHfNb (Mo, Y) RIMEEFH A SRR RS %
HUg K. HMGE*
VLGB T2

MM =G4 (RHEAS) JEILH FLAR L Sl & 4 0 A0 5 00 J IR P - W IR UL T, A B OB — AR
EER VAR, (HH BT RHEAs BAAERMEREDL T, HE=IRMEYER. 2 m 55 i @ L T S 23
BOKMIBRE . AT A o R SRG R 7 1) RHEAS, X4 5L TizrHfNbMo (1543t
th, I HALPERE. AR BT 3 AANE Mo 4 TizrHFNbMox (x: 10, 15, 20) X & &4,
WFIT T H IR 12 M RN BE R B AR M R . B FC R B Mo oy IRk I A BT S AHAR, TiZrHfNbMox (x:
10, 15, 20) ¥JHHAH BCC [HEAR. 2 iR/ i 4 A EE S B iln 45 SR R W, Mo20 WIZRE 715 e
s, (ER LR WT RN AR 28 24%, IX /& Mo ¥ I 5if 1) [E] 5 5 A RESL AN LA B IR RE I s B o J8 ik
B0 45 AT A1 M020 PR FR S R4S 72 e S  Re O AR S, AR I R INRR £ Y d3E— PR B . 7E Mo20
) RHEAS 73 IS B 823 B0 0.1%A1 0.2%H5 1 Y, FExF i inFs + 76 & 59 RHEAs 3T = 5./ i85 46 F1
FERE BERIRGG . RIGAE LI, AN 0.1%wWt%1) Y B 5 R S AT BE R R AR R RE I O, TS Y AN E
0.2%wWt%2> H I SRR oM AR . AW 7E0 RHEAs B TR, TRk 7 H= WM R, HE &SN
B, FHHETT T ML Y X RHEAs PERERI ML) .

D03-113
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o

Bt HliE BCC/B2 M BmH & &SRB LR
Tkt FE AL e
1. v E TR BEERT 5T B AR 7T BT
2. KGEPE T R

BCC/B2 IL#% i & 4 (HEAS) LS 12 il s FE B 1S 1T 32 000, R H TR EE M 5 LR e HE DA T
FRBE 22 R RFEE PR T H R o 3% 3B A G 1) 1 2 TS SR (VAM) 2212 174 21U S 30E 4
FFLK (d > 300 mm)FE A B35 B R AT - BEAk, B 7 BT B AR A BE SRS BCC/B2 JLkg 414,
BT B2 AT Ak, fE S BRI FE 25 5 S 8l SR Fa e A e PE Y Laves A, o M, AT AI3Zr5 2%
o BEAN, w5 AL SRR, SSEEAEMRSE00 B2 fEMEM . Kk, AWF7TELRE Al TR S E, I
RO [ BE TR (LDED)SE A4 il P vA A AR 35, A Rz bl i AR 1 [F, S8 T BCCIB2
AR EERS . Irgh S Al & 26 SR IR E 2450 s R A R 1) =08 ) v Re (R
JRSEE: oYS ~ 1300 - 1600 MPa, JE4iMAS: §~22-50%), Sl T 4itThee—i&ik. 4, T BCC/B2
IR HL RIF A E T, & & RI LR &R #MERE(B73 K, oYS =1124 MPa; 1273 K, cYS =259
MPa). £ 4 H LR 772 1 B8 T2 B DR T v 86 58 1) S5 il it R SRS A s SR 11 it SR s A RS A sk ot
o R B RAGLL  T TE BCC GKRLF-IIHT Hsm Ak . ASHIF 72 9 ey o B AN vy B M S O e v A J S it
TR

D03-114
FREWBHERB G SR HNRARR
Wi
R T RHR

EEX & @RISR A B B 0, A TE LS S SO R, SR S S A T T SR SE A RL )
PEREFETE . LAE o A1 (FeCoCrNi)90AILO0 i & Ak Ay, 18 it 0 s i AR ) L Ue ks e T 45 1),
Fi RX X HT i [1/0 1 o #H(~0.8 vol.%) 4% X Sk i i 72, 175 5 3% HDI B A3 F AR it U i AR T 5 R 8n Tk,
SRR FE (1412 MPa) 5 i ZE 1 (14.9%) I R4,  HALHIZE T HDI kSR RX X F#MK o AH/FCC
TR AR, B RENHI A RS E SMAT AbBE 1) FE 45 44 (8] B i & 2 (IHEA) T, @it 141 4 (FG)
X 5] NSRBLFHTH 45 (RX) Z B FE-RX EE G R4, Wk FG XN LAELA 2 rIR ], FIHE
[H A AL T R SE T+ HDI B )5 RS AR 77, SRATEE & e IR FE 5 s 0 CAE Ak . Ao it Bk
PR SRR 70, N R G S T RIS T R0 &

D03-115
REALYIIRAL (TiZrHfND)100-xSix(x=0, 1, 5, 7, 10 M1 15) MEMEFM A S BMALIRRH 1% AR
e XD,

AL R K

e 005 G 4 DR LB R B0 D VE AR e MR RE 2 BTz k. Ho, iR R AR AR S AR 0l A
(refractory high-entropy alloys, RHEAs) 7 il B FH 1 B 4 REFI AT 5. SR iR AT 1173K,
RHEAs # KAMEEA. T $Em RHEAs B SmsREE, 8% 5] N A (4 55 e S A K a el
TEALPIIG 5 1) RHEAS. {H2 H BTS¢ T REAAD A MEAS S i & S T3, TP 1) Bl AR G5 A I A7 AE TRVE L
BEXEMER. Si T8N RHEAs O BIsCmAIA TR ZIRA L. A TG T BA R 5 = RErE
TiZHIND & & & NG 4, B B 25 BN I I + B B U 8% ) 7 vk ) A& T ORE A 4 Y 5
(TiZrHND)1005Six(X=0, 1, 5, 7, 10 1 15) &4, RGHIT 1 Si & EAT LALLM J 2 PERE R0« 25 R,
1E 19%-159%[¥) Si 5 By Bl PN, B[ 20 ZURREAL 028 TR B R AL L W S (R AR e, i bl T s 4 W e AR i
LR, J53 HH MaSi B AR DU 75 -MsSia BUREALY), B 2R DY T 17N TT MsSi BUREALY) AT . FEAL
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YIMTE SRS 7 &4 EEAEIREEE, Y TiZrHfND &4 15%Si B, 447 800°C T HUE A HT
R E M 221.3MPa B E$2 5% 511.59 MPa. HTEhAs [ S MBS 45 AR, AR 171k B AE 5 T
BN E%, HIXFP R EEAAE Si & i e i E i & .

D03-116
SHXET RSN NATARRBEREMET
X A S0E. BAL EA B
LR AR

I A BEREIZ . AR AR IR, HE TR B TR AL 7 B 3 3 1 s
SR AU, HAP R e U L B SR B T e . 2 Eoumii A e (HEAS) MR I kiZ i
B — IR A . ABIIFAR T RS HEAs, i 8 N ASH AR B A0 S0 S5 RONERAE, KRG 7 H 1%
TN ABGERWRILR, R THLE. Z9R3EW]: HEAs fEFRERMT N2 ERE B 25 52 R IR L
IF [) SN ERIE 25400 . TERS 2 AR IH A R, FCC 4k HEAs UL R R st Atk e, B T B ES
RS [, SRR A, P EEREMBBERID T, Tk, WG e S At
£ FCC 2k HEAs 5] Ni& EGUKITR T AR AN 2 J7 454, DT A R s e L i b S AL il
HEtERERE L HEAS MBL, Nl A58 TAE B SR AR RE SO

D03-117
FREEE R A SRR A R A

TR

[T

FEREELTRIIENRE, E—ERE TSR EZHEREARNREEE, Nk IERSHI R
AE, X AHIPR T AR f & S ARG A ] R A N R miR R IE R & & (ry Os 35) YTOikiX
—MERRHT R THE . SR, AR R B AR AR R B SRR I A2 BR o AR 2 T A R SR PR AR 2 iR B
RAEd G, (ARSI RIS S AR RIS, B FATS . KA RIS Tl sl
ETBL e R IR PR AR S S SR A G M ITRAIE,  IRNER AR T BRI R 181 A6 S AT S T B
Ao EUEIA B, REWHTT T A FSER T E A BUAR IR i & S AT N, B AR S e TR AL
B, P AR R AR A A S S PR IR A 1]

D03-118
Jef B SRR TG K D RRAF R T
A

FA LR S 36 =

AR df e LT PP IR 7 S RS P B AE 22 U A T R P A St AR St R A R B, O
FIRTHIEEOAR, B N _ERHEMREAR RS RIT, AR &SR AATERE . X dh & ST 7T I
MERE, T HEAE R S T URE I -G AR E R - D BE R VR AL = AN T AT 7 RANESHT R : (1) 8RR ¥
3 SR 1 T e R AR A RRE IR IR, SEILIT A S5 SR R R R AR AL, DRIER RS R SR
JEEZ — 3Rt 7 ORBIIESE; () RMAETHIEL G R T B, s 7RG &M 2 REZMRHE, $2
BT AR BTSN SIVE RN R SR 5 S AL M ELAREAE 2, kRIS M 7B IRYE: (3) B T
PR AE RE VA ORI, 33 i i R TR P2 A0 i A3 SR8 1 AR i 1 S RN AL D REARS PR AL ST,
I T R REAR S S <

D03-119
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1 F & IR BRI R AT THOR R 0K 2% 35 98 T 48 F 2
wRL, g
YR

PIEWOBBFES] (MLAS) $RAE 3% T SRR s i Be 70, A6l ME, A2 B
WAT] o A4 R BT B R4 . (GCMD B\ Ay KA AR P SRR A% 5 B 21 e A4 1) B iR
(752 — o SRT, 75 GCM (<5 R A5 B 3R 1 i 1 R 40 FOWOK EL R GRS 44 2 — THEE R PR . O 1 s i
— PR, FRATHH <28 B (MG) AR (0 IRV M RETT R T — RN 2. fEREHE MG Bfili& ) T
SEMIRFEDY 75 pm A1 400 nm BEHERES] . HEE) MG B HET T4, JRELE T —RARREK
Ir-Ni-Ta-Nb #. X— “fif4 "L TEHT GCM LZMEEER . Fril & s A BA HE R
REEPERER i AN, RITHAEEENZ) 4.6 nm, JEHAE 620°C THEAT 30 OMARIEIA G AR IS L
PR o FIRTR SRR, AR B HR 2 7 m R R, o fe i s AR R REth AR 2 T I00E. B2,
FAT KA RSN B TR I T —FESE HA BT S 50%

D03-120
B[S e N i
EEx
ZREEH T B

i EEAR AL INHAERE, HARR G SH NI E BBIS AR R, Hl& T2 ET R BARYE
S AT ADLAL, 0 LSRR D 2 R PR RFVEREOC SR IR, R i R I R A R S b 5 N5 R
BRfE. e, TCEREERER TR F AL AR G &M EESRS . B, HATPCR A L 24
SAEANFRERE SRR G & @ MR B S, BEMTIE R RBAL . N TR SRR L L, AT
TARE SR I & A LT AR S & SR RE e ETE 260, LR B 2 5 i LT AR e Y
NI b, T RSN L, AMERE IS i KR B OR B AR DL PR RE, i L w] DA BN T
PN

D03-121
EHT=ZHFETWEKARREESTEREE BT
JANA L e L
5 AR

HI LA BRI, ARG & SR 2 SURAR I L T St B L R I B S e sk fg . i1k
A A I R 2R MR DL R AT SER 26 AR AR R IE T, AT AR & RIS @A 2, PRI EE RS
ST N F A o AR 53T B 3 AR B[ 74 1 56 (107K s) 5 S bR A B 4 1 1) 4514 K1 26 (10°K )
MZR, PIEASRER LI AR & SO A5 5 A 2. A5Gl VC-SGC-MC, 45457 1731 /1
PGSR RIS TR, BENRK TRREE, KA MR R T BB, 58T AR
et JREE PR, Y T Zr-Cu-Ag TR R ZrisCussAgie IS HE /1 IR IR, RS
B TR AR A S

D03-122
HTFHUES A CALPHAD ik I3k R & ST R AL AR 122 M RE TR 9T
fesE >
EIPN

N T g AR R IT R ARG & SR BRI e A T ), AR R T — R EUE R PR B
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PLEs S 2IHESE . FE55 — BB, BRI 2T G SRR MR, AR B h 3R R AL, RBUE S
B HCRTTER R BRI, BRIDTI 7 AR AL L, L TRS BE R2E00 Tse e R 2 i, JFSiHldrEmTR
REERHME e M. HprBL T REGEREEE, WE TR, B2 7 HERR DK
PEfE. A TAR@EE MR B 7 I BITE, A& S EaR AR & & it i it D SEngie.

D03-123
RRESIRSR S &AL S N AT
BRXUCE>, JEHRE iE. A
P U TR

PRSGe AEREE. iae. JURARRSS) T RA 38 WARECALE PEAL SO = i A B Bt RE,
JA PG ZA AR S0 AR BT RS E S 70 BT e AR o AT T B2 x5 BT 5 K Ab B 5 AR T e 17—
AT, AREWARSEMRIE . AR R B LA Z 0. BT AURGE . PUKRBI%. 9K Fm
FEARRERZE GG ERME SR EIRS, AT REAEERE. JREEL. R b gl irR
LN (VIR

D03-124
e < O 1 PR B e AL e BT 5T
BEsciE . Dok
RIYIR

SR KR TP S5 TR S . it ST, 78 A YRS HAiek H 8 N
WA EXE GG AL A 2« TR P BH R SE A, I A0S T Rl 5 IR, R
Flopr Y el 26 20, RAGEAIE ARG &R IR S TR MEAL s 8 B, STt ik R . FERUR R (D
TFRZACHE B A REINE T2 (A-UV Loading Treatment), #h&iB -k S# ARSI RZ R EAEEIRE, #
AT AL AR (UV50J-Tg). iZHRAE 10 mA/em=2 A& A7 47.80 mV, HFE/REIE 37.23
mV/dec, HLiGMEREGEHBRIET 5.9 . VIFEERH, BAFHFCRRESLEW, @A RIK “dER
b WRERERS, dbd - R RN RE, TS S EEN. (2) FEHaTE R
PERAR T2 (DT-TP Forming), J&T “VAfRHIE" MEHMOK - GRS HALLEM, Hil & 550 ) R HL ik
(NPMG@RuO02). H7E 1 mol/lL KOH &t A K 41.5 mV@10 mA/cmZ B A il A
AR RuO2, FRsEMEIR 620 /Mo 2 Z0ALA5 I8 S /K URA PR D M AL sy i =i, A
BeAE b G SR B EHRER ORI AME, RuOABRALIR I RE, WhEAEAMAKE. AT ERMEE
WS R, AEEREE A S AR S RS T &SR AT A2

D03-125
EBE Oy SZNEZEIAE 21 LA BNy GlE
S 4k DL
PRYIR =L A5 ) TRE 7B

SIBYEHE (MGs) EH AN @ HAAENTER B (HER) 371528 in i, HpfbtEre &
BRMR T RS, A AWRE T —FoE BB R R, T & B S gk £ 5L
Ptse 2Nis oCU1g gPo1 s & JEIXIEMEAL AL (C-NPMG), LLA H 32 i fL PtsgoNis 2,Clig sPo1 g 4 )8 B IS HEAL HE
W (HPMG), ¥JEILH 51814 pH {H HER JE MR I A . 78 10 mA cm-2 % ~, C-NPMG
R B FLAr . BRTEA T (0.5 M H,SO,) 18.0 mV. B/ F (1 M KOH) 42.2 mV. HiiE/ i (1
M PBS) 88.0 mV; C-HPMG f#4biilIZR I H IR Ha Ao BRPE A5 (0.5 M H,SO,4) 20.6 mV. FlPEA I (1M
KOH) 26.2 mV. F /i (1 M PBS) 31.8 mV, PEREf T AZHUL#AESR 48 MGs F1 Pt JEf#E1L 7.
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EAHERRE, C-NPMG EALFIFERRIE: AR - IZ 4T 1000 /N5 1 BE 2 AT 208 AN, HPMG AL 7I7E
B AR 24T 1100 /N R PERESERABAR N, PR IEAL IR B 1 RO AR E k. SR SR B
KW, C-NPMG AL A HER I TEIR T =W FIN: 1D @RI IR 2 FLATH S KA PEAL
REEFRs 2) B a A RE R R Rl - AR i S AR T H2 @22 3D C-NPMG 17 S0l SR K-i 5
IR RAL 1AL FUL REIERT 1L F AR ;. HPMG AL 57 9 HER W& PRI T SR R08: 1) wtl
RPN A 2 RALGR RAGE AL S 52 2) HPMG IIRCKZLE AL SR ZALE AL T4 Bt
FERTSARIRIR RS . AW FCIE DR S5 90K TR S RS- AR A P RN 3 & T S R BEIR R, il
SR AT E 5 AR R M DASHE B PR S R ST 1B R e, 0T Rt e 4 pH B HER AEALGRISRAE T
W

D03-126
Fabrication of self-supporting hierarchical porous metallic glass for pH-universal hydrogen evolution
reaction
Xingran Zhao*
Shenzhen University

The development of efficient pH-universal electrocatalysts is crucial for large-scale hydrogen production via
the electrochemical hydrogen evolution reaction (HER). A simple and environmentally benign dissolution
manufacturing (DM) strategy is adopted to synthesize a self-supported hierarchical porous Pt-based metallic glass
(HPMG) catalyst. In a pH-universal electrolyte, the HPMG demonstrates remarkable HER performance. At 10
mA cm?, the optimal HPMG-4 catalyst shows low overpotentials of 35 mV in 1.0 M KOH, 16 mV in 0.5 M
H,SO,4, and 54 mV in a 1.0 M phosphate buffer solution. The catalyst also exhibits a large electrochemically
active surface area and outstanding stability. The hierarchical porous structure of HPMG-4 is attributed to its
hydrophilic and gas-repellent properties, which are critical factors contributing to the excellent HER activity.
Additionally, the continuously renewed active sites are believed to enhance the performance. Computational
analyses indicate that the amorphous structure reduces the energy barrier for water adsorption and dissociation,
with a hydrogen ad/desorption free energy value close to zero (-0.067 eV). In conclusion, this study provides a
universal strategy for developing HER catalysts with exceptional activity and stability across diverse media.

D03-127
1R RS R B AL i 1 5 A ek
BRET. ARDD. BT, S
RIYIR

& JE DR TS T A L R I B . (AR SRR SR, TRV RN R USRI R . I
TR, & BB ER 2 ToE LG, PR — MRS & E R, 5 H O X P B8 1)
WFRRER . MR RKRI: (1) UE RIS P -T T B — P R B AR I, L B VR4S 21 B 3%
Wng, EFE—RRT, FBIEAENG B LS A S T 104%, ARECT X R ASFES, B R
T 349%. AV A 7 BN BRI R T2 45 M R e L e =R EE. (2) KeESE&)E
PRSI AR AT A ERE . X T 0.9Tg 2ALFEN, H b ERe BN F%: 76 10 mA/IcmZ2 L% FE T 1)
AL 38 mV FHE 442 mV, 7E 100 mA/cm2 LR % NI A 1132 mv FHE 1311 mV. bz
T, IR 2 YRR SR IR 7E 10 mA/em2 HRE E N R AL 38 mV [EE 34.7 mV, 7 100
mA/cm= FEIRZE FE N Bt LAz A 113.2 mV BEE 104.0 mV. AT N, X—REMG A HFE T REES SR
RS TAFAE W PR 7 G50 RO T R R R TR, X EHIEIR T TR RE S & B B T AT A R . 1%t
FEAN N HE A 4 8 B 3 1 22 T 8 T 36 A8 T VR RESEFEMLHI SR B T8 Ay, 1 H oA sV e 4 s s Rk
FERIRAE T B ARG, XS &SRB 7 Sebr TAREN R it — Dk e R R .
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D03-128
riEtE Fe-Si-B IERESMUFKME. HRIMRET 5 R v AR REE R kR
Pbg . AR, EOCIE Y Mg BEk . Mgt wkh
1 ZHE TR S TR
2. BT KRR MILEA (e et n T 5 FA A E 5 s =
3. ZEME TR AR AR IR TARERT 7T b

Fe J 3R fi & <2 D LA 5 A PR AR AR BEAE SRk 7K oAt QT PR 0 L T ] 10 2 Tt o ASHIE FE DAL S i 5 <2
A KR I Fe-Si-B ARM & &AM NI I B, REHE 7 HALI Tl JA AN AL 2k
PFEARE L (MBD QURHA P PR RE, JFIE I S b BT Bodt — B A AT 1 KR H XRD. SEM.
XPS. EPR ML Z IS T BON MRS . TES. TTRN S S BNBEREAT IR AT WFAEE IR K
. (1) A2 & TR R AR f R A [RS8 25 0 K PSR AN, R RS RRIR AL L 8 Pt [R) AL 55 5
B, RSN R ARSI IREE N, (BRI A AR I A e (20 KRR R R 5%
PE N ST W A R AR IR 25 SR T 15 LA b, HHLHIE R s e, g hnfie it OH B i 12k,
HRIANY IS ER AR THARRENE; (3) AT, KRS TR SR R T
123.1%, FARBEFEREAR 30%, JLHLHIT X Fe B T MAREIEL. ZREE(E ] & -OH/-O2—H R Bh AL s (4)
A HEIE T o-Fe. Fe3Si 1 Fe2B S5 g ATt 2l S LIt B0 2 PG 1 D eR 2, [RJIE SR T AR R
WL R 2 — D MG VAL, A A AL TR RE R 4R, HoAB AR e VEAR KR R AF (RERURRL 10%). A
WHFE N Fe JEAF S & A BT SR LI SE 0 138 WAR , Xt HAET5 /A B b 1 B A A B 24 58

D03-129
A new insight into surface oxidation of Fe-based metallic glass for textile wastewater treatment
Xiang Zhang,Yingjie Song*,Zhaoyang Li*,Xiang Xiong®, Weiming Yang" ,Haishun Liu**
1. China University of Mining and Technology
2. Central South University

Removing azo dyes from effluents poses an environmental and socio-economic challenge due to their
carcinogenic and mutagenic risks. The Fenton-like reaction using Fe-based metallic glass (MG) is feasible for
wastewater remediation; however, the oxidation-induced passive film will impede the further reaction of Fe-based
catalysts, especially for Fe-based MG recycled from end-of-life soft magnetic products. Here, the oxidation
behavior of Fe73.5Si13.5B9CulNb3 MG ribbons and the consequential effect on the degradation performance of
acid orange 7 have been systematically investigated. When the Fe-based MG is oxidized at low temperatures
(<520 oC), a continuous and dense oxide layer forms, shielding the zero-valence iron (ZVI) from interacting with
dye molecules. As the oxidation temperature rises to 580~680 oC, numerous a-Fe(Si) nanocrystals and CuO
nuclei will appear and degrade the protective oxide film during the rapid high-temperature oxidation (RHTO),
enhancing the azo dye decolorization rate. Further oxidation at higher temperatures (>700 oC) will increase the
oxide layer thickness and consume ZVI, thereby blocking the Fenton-like reactions. Notably, the RHTO could
reactivate the inactivated Fe-based MG and endow the inactivated MG with a high dye degradation constant k of
1.5 min-1, indicating a promising method for reusing the end-of-life Fe-based MG electronic products for textile
dye wastewater treatment.
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3. MR TR

PES BT (FeMGS) 1E NIRRT 12 N T8 2 R St R KA 453, B HATE e R Bl
A K pH 38 FHVE AR 1 1) . ASHIF 0 R F Bk $2 T FeMGs XM Gkt s bEfE . 2418 Fl FeMGs/i5 2k
W AR RIS, 8 PR 25 G T X8 1 AR I R BR AR, RN EL (kobs) 1% 0.218
min—1, #H— FeMGs A% (0.114 min—1) &7} 91%. 7EEEN EAERSMET, &/ I EXILE pH (pH)
5.0~10.0 YU N AT A R0 2Bk MHE— FeMGs /AR (10 g/L) 7F pH=10.0 i HERECR A . FFRYLEERT
R FeMGs S5 b RIVE Fm it ik FeMGs R fR, IE Fe3+/Fe2+4E (Lik JRIEFF, 17
flifE ZHR IS Fe2+ & & B BRI —— WP SR 1 RS RE T  E SIEEY R . AR TR
TR B LR R R FeMGs AbFE Gkl IR /K (1135 S .

D03-131
Fe 3 Wik ERE AN Mg &K [F#
1SRN 31 SN I EE
2B TR

Mg B HA &5 A A B N, WI RL ) BRI S A FL AR 7 A 1R B o 1 AR il 1
BRI AR B AR, AR BATRRAR, TG ZIRFARIH, ENEEAMEAE#EZMHH. (2 Mg
AR, 553 & A RS A DL EC R S Im RO o« 9k, FRATR R WHREREH R
TR YIFAZ 1) FeSIB JEmiRE, AR HEME R . @id XRD. SEM TR E I3 A AH A R R H
YERAERETE. YUREIRA. T RERIGHL SN ) 22t e AT VR s SR WAk TR Hralik. RiREH
RN AR R SRRV e, A E B SR INH & Fe EIERRENRNTESH.
W7 &5 B R SRR 18 5 MPa, #/A0RE N 800 °C, WA S 30 mm A E VIR . 4EME
“~ 300mmY/s i, FLIE VR A1 Fe SRR Z RN 83 um, FLEEERAUN 0.75 %, JE&F N 92.56 %. /K$%
fil foN 112.6 £2.85< &ZME LN EE S S AR 10 £, 54BN 27.8 Mpa. PR E M E B AT hnig2
JERE, MR A LR 100 mm/s B, FLIE R ERE B RIS Imm 245 . 2R EE E
MO ESEI AT 4%, bAh, I8 I AL B n RN R B PR AR A . BE A AR BRI A T BN, IR E Y
PARFR > BN, FRARIE AR TR, BT DAt A o) 5 o e A5 S AT ] 43R 4 104 R 15
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R EEHRERSEE S ERERATA
AR
W VNCS
D03-133

SHEMERRAARBESOAH] . R RRIE R ORI RN
RG>, Bl Rk
FigRE MRRES TR RO R B R sL i =

TN TR A 0 B AR o A A7 R R P - S (B B, HUAS 2 TSt L @i i i A
SE AV, QT THI % 0 2R B 5 B 2 i A SR s RE, SEIEE R R B I, JER AT R R
SUEIRAE 1] 2) RHEETRUZ F gt TR ZRZE R BB, ARV i ) 5w 28 P (5] B
J[2-6]; 3) KIE A AECIRALET Y 5 1) 57 0 J2 450 AR v s B S O P ) SR S PR (R B, iR
AR B IR [7]. BT B — RBINLHIFIF B, il & B ARSI 2 907 AR 27 4 200K 7 4 s ot s 40
eG4, TREILT] 654 MPa. LS FEF] 79.3%IACS (@14.8 mm), FEBEFRE 55 =4k e i £k A1 1) 4%
AE AL, 25 A PEReAL T I BRASE[8]
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D03-134
PRSI T & S8 FE R AT AT
B SRS T
LMK

PO I G S AE RTINS T R AR 75 S VAR S S N, HS OR T B R 4
HIBRBAH EAER 24 /NG, BREEHE G SR R INPUE 3182 99.9%, H AR IUALHI &SR E 6 /NN P
ALIAF] 99.9%M T 2, RIBEEPURTEERIN A AT . FHASE AL, DR AR Ae 56 — M s 3R
B, ZR A RIS BS T RRE /T, HIhREN 3.7 eV, RKiiAEN 1.9 m-2. BEHA AL (PiE
FHA PR RERTE IR, RSF/NT 350 nm AR T B 2@ B4 1k R 8 R 58 1 5 i
L TP B A AL BT 1 B RIVEF - 383 Arrhenius 7 FE ST AR RLIGIE T S A EMER. (DMM) [1)5& H
PE, BT DMM ZA7 T HE S S T, e s TS5, RHER SRR Z S T4 s
CE AR E TR, R S R R B T % MEA INASEE (DOS) 4 162.1 eV, REKT
Ni fil Fe, SEonismeiifaett, H DOS BEAS &4 nmsE T+

D03-135
76 5 )R K T (CoCrFeNi)94AISTI3 il & &R M M S M IR AL RIS TEN LB AT 5T

LEE> R5E

Pt M

Wiy R H R ERE, fERSE T ool MR PRSI S IS UR SN ) 2 . (HH R
A AR A D, DRI RR G T HAESEPR R R kg . AT R LA S T B ELR
50um F¥)(CoCrFeNi)94AI3Ti3 i & ey, [RINFIH SEM. TEM. EBSD FH#E A Hr { M e A S
AR T A N &M LR 2R A U . 5 5R R0, A &M AE 0.0mm i P hr om i i
K, 152 1428MPa; {H7E 0.05mm B I T I RIS, MEEHPihism 299 1160MPa. OV ZH 2% i,
M 5mm £] 0.1mm, (CoCrFeNi)94AI3TI3 =& & iy (1) s A L 5 R A B am A AN i T Ak, 4R 8240
2] 0.05mm B, 7 REFEARIE BT & S A = 5 RS 0RO R SR T JZ RS S 800 T I LAk . AR T d s
TR A ) A R R OB, (RIS T DA A A AR T AR AR SR A RN R N $R AR
—EMHIES% .

D03-136
BRI AR I & BRI ) BOR Bk R T 2 5
B, B e, R
Lk

AR AT 22 T A % el AP A 4 b AR IR KSR, T R RO 9 A M A v 95 5 < A 1
T BRI T BERTASFEIRARA IR, DEGEAR B OB AR 26 T2, I e ra il AL vE AN 25 TR AN <5
TERUAH G 5 7 55 0K 5 s A R o5 e o, e W SRl s i A rh 2 4os iy i, el 2 e
HLA CL S SO S A S AR T LB . B B FOR AR 46 T2, BRI AL, R iR BER N AE GG,
A IR AN AR PEXEE i o e L R SRR R 00 5 A R SR R T S5 . DR
R LR OR ROV EORL, B AR B MM S PRIE AR, T SOBAT OIS R AN g S e
SR, DR v 10 < v T A P S P i S AR AR AN B S 4%

D03-137
SR BOERBHIE T 20 NOTIW i &% B
T NBUES
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Hh & TRE LRI TR R TE BT

Pt e e RAW A TR SRR RS A, AEEUERERE S SRS R T
R FERSFATUE . AR, SR )38 B (AM) B2 N T 46 il & S 2 A R . ASHEFURI A O
EHEDIR(LMD)BOAR LD il 4% 7 50Nb-30Ti-20W &< Hufd, JRilad 3o s & S & &h e &
BRI AR AR N A A AT RAL, 875 1 A SR S A SR A S AR A R
Ay, DR SR 5 AT Eh R 2 T DA A < ) S T IR R 5 SRR W, 7E— i€ Y FE N, 50Nb-30Ti-20W
o PR ARGR R T ZES 0RO RIS RRREVN: S e kRS e BEE
TR TR R i) 25 (8 N TIW 5 e XL AP e P i B8 e ey T IA 1) 1250MPa DL L, 8 i i i SR P RE RN
PUFEe A b R 5 e o P AL 32 BT Y oAl K (A SR AL, A e AR e R o P S5 T AR
R IEANSR, TR AT A BT RO S s MR R 9 . ASHIE 7T 09 LMD i % 1) 50Nb-30Ti-20W
R R VA Gt R KD W7 i LY

D03-138
Vot e FRERUTR HE-Nb-Ta-Ti-Zr BB A A S MMMALR S /1% R
EwEbE L Bk 2 Rt
L bR MR KA
2. PHIE Tk K2

BOtE A AE BT (Laser directed energy deposition: LDED) JyEa i & SO 4L 24 32 70 11 2 1 g
TR TH I ARIR S . AWFF LA HE-Nb-Ta-Ti-Zr WIE =M AN %, KREHET T EOCR 5HE
FEE N6 b R STV AR RS AR, R R T H S 12 RE 2 A SR BRI 455 PR TR B T #3545
FROE S LA iR A e AL . B TR SRR, O SRS S 15 It Re L AR B P [F 08,
HH g 2 R R PRI v o v W A S R (W I AR DL S R o IR A Ui Bk R 1145 48 18 Bl S BB 5 5 4
JEVERFFETE; AL AL 5 5 R N AR JRy Sk A T B T s R o 4 U I 2 A1 AR TE AL
TIEJEYE, {H DUHERS 2 0RO . ST LDED T2 B Ak K i Mk BEMERE i & S O 4H 2
JIE R AL T HIR I S EARE .

D03-139
TR SR TR B T2 R
AT
LK

(G0 el N e B N S DI OEAE R v £ Sl 1IN =2 ) (AR EE D D9 N B B iR SR ST i 5 7 BN e
RETEALANN. FHIRZR AR B 1T B R BN L. 22 T2 Jrii i PR 8 (AR REVEAF Aok AN e LA SO IR e S5 U
I RE RIS A0 5 o ST RS 9K R0 AT 42 ) A 2 P24 AR B AN HE S S A SR B Atk . 2R, TR AL
PR LR 22 S FL vl P2 BRODA B2 oK 1 Bt I TR & SRS 2 rh s BE RDER DO S 82, RS20
HIE BN AR R ERUR . FRA TR T3 TGS S8 M =i M R IR AN 26 T I 5 k. DABORARER
S e RS K2 EoTR R B MIRE R, W DR R, SelRoe R BIRANREYE . S w TR
FERIR PSS B T a] RS 775 BN e sy /L, (Rt ciR G, 20, @i s &R i
RIS Jy 2t A, AT SEBLR AN SR N i & A M RS AR i, L5 20 T A5 A R [ S AL R )
o JFCAMONRERIR R 1 HAE A S S
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TR EeHRES D RIAMZR KRS & SRF LT
EIT I
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Filg TREBOR RS

SR L 8 S AR IE R ER L. TG AL TT 45K (FCO) i & e R A IRIRFIE,  MONERIR
PRI IS A B8 3 BB A Rk (ER FLRAR N 5 B 1 TRE N BRI O 1 78 70 KA AR 3 28 (TRIPD
BONIR & G IPE A, AT H ST AR — VR B S S Fe WAR R & &, WAy —
JERE RE—RHACBRAT SRR Z IR ARG B s AR i G g A 8 A 3 5 2 BRI T o A AR AR RSN A T
IF 802 T3 0 5 P2 0T B AR AR B AR MR AR 30 g 2 (s i e, J el AR T S50 BE ) R AR RE
FESL S AR AR TR f i TR BEAMEE R SR N, e IR I #Ash &S & e KRR RS, A PO AL
R BARE T (TWIP) MTRIP 552 HBMASEALE], EHEIT R oTik, JHEm e
PRI RIBLEE, A AR A & e SR B RIS E I o AT T 42 5 i & S sm B AL LEE, fe it el
B e TR P N BT R X

D03-141
RHLEIAEEN CoCrFeNiMn0.5 Fiffi & S ARG MM AL RERIR M
HET B XIS

SENERNS

AL RGN T 1B KA FEXHAELZS CoCrFeNiMn0.5 i & 4 LHZR S5 My AN Ty 2 R (K RS i A o BT 70 465
REW: HEE&ERBNMEIRGW, & RBTAFLIEH N R A Sh gl AR R AR . B
KACBRRENE A BN &SR SN WAT BROLERR AR ), BERAESENE. IR KIREEH 800 °CHY,
HBERETEBRE . 5824 1000 °C-1h B KAEHJE, FANFBILERRER K2R AR I 7, I &4
M TEHLE A R AR 1 T, BRI (BRI A N 56.1%). & & MBIREA hE
LU ELIN RN IR KETIRMR, X55&NITHIBKEEGEH K. A, 544 500 °C-1h 1B kit
G RAE R, GE&NMITHAKRGEE Cr i, &8 KAERECRUIFETILAE, BEN®E &M
FEAH, WA 4728 HV. &2, MEHMAEG G4, WHLHR KA AR CoCrFeNiMn0.5 i &4, A
HMF LG 5 vERe, LRSS FRR IR 51 DR R 1 55 S b TR B FH Aot Hh A =1 2 (1 B
AR

D03-142
Evolution of microstructure and mechanical properties of Fe—30Mn-8AIl-1.2C low-density austenitic steel
during aging
iR E*
SN

To understand the effects of aging treatment on microstructure, mechanical properties, and deformation
behavior of the Fe-30Mn-8AI-1.2C low-density austenitic steel, we systematically investigated the
microstructural changes under different aging times at 600 °C and the corresponding mechanical properties. The
as-annealed steel features nano-sized long-range ordered domains (<1 nm). The increase in aging time led to
continuous growth of k-carbides and the increase of lattice misfit between the precipitated phase and the matrix.
The steel aging at 600 °C for 30 min already results in the precipitation of cuboidal L’1 2 nano-sized intragranular
k-carbides (4.5 nm). The low-density steel exhibits pronounced precipitation hardening capability during aging at
600 °C, with peak aging achieved within approximately 30 min of thermal treatment. This strengthening
mechanism is governed by the intragranular k-carbides, which significantly enhance yield stress (YS, AYS = 440
MPa), Young’s modulus (E, AE ~12 GPa), and hardness (AHV =~ 167). However, prolonged aging (>8 h) initiates
over-aging through precipitate coarsening, causing significant property degradation. According to the results of
Electron channeling contrast imaging (ECCI) characterization, the deformation mechanisms of the as-annealed
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steel and the steel aged at 600 °C for 30 min are dynamic slip band refinement. Moreover, the decrease in the
work-hardening ability after aging is due to the inhibition of this mechanism.

D03-143
BB RPURB S HMIIAE CoCrReMnNi Bl & &1 ¥ R SRALHLH]
SRS, RS AL 5
2B TOR

& JB S5 R AR (1) 5 B FH BE M 22 ] F) (50 B> 0% ZRBR 1) 1 HAETE & JZ N E 2 JE R N R, 2 o
A& EARLR RIS M . B G P ERLET R M &4 (HEA) R MEREBIX —295H .
AHFTEIEL T3 /1% (MD) BHURETT T SR gekeiE (GNG) S5 S8 (TRIP) X HEA
SEACFIGFI P EAER . 24305% S HCP A1 (VHCP) AT 508 21%0, MR TRIP &8 (R
FNAE Ny 15%, HCP AHARL S BN T 14.41%), F EAEH KB R 24 (SP) X M3 8%
FIEBYEAT Ay o WF T I, Sr Al 35 55 (A 08 I (451 T, VHCP=006, o7 4855 15 M 1.94%1017 m2 1 1151 3.04x1017m2)
HUKH G ks B 1 EREB T ARSI TRES (HDD SR ML HLE . SRALHLHEI AT 2 A=A B ()
R, EITAEEAT SF R, (b) EFRII R, BB HDI R, (o) )R, FCC KA1 HCP
(FIAHAR o

D03-144
Ni2CoFeV & &5 % H FHHEIT
WAL R Bk
1. TR
2. TR

. RS e R BRARA A T R S N R R AR A M B A e E, AR R
IEFEME. BATRM —Fh vt Hems, 82 AU AL AT (FCC) 45#) NiCoFeV i & HiE
B GINZTJ7 85K « FISLTTE5 R L1, )@ 18, seBlsm RS IR T . IXM =MrP i & &E =10 N RARIE 1.6
GPa 8 i o AN 30% U e fedh, L am BBk P Rl RO 1 2 B OB . =i a . « A
SCE 2T RO BTVIREE, LG L1, Al FCC AT AR ZHE 4% . Lomer-Cottrell A48
e 2 BEL AR B P RS, SRRt 1 NARREAL BE 77 (10 5 3 SR T A S S e VE (K Se B X TARR A 0 20h
FeAaa®lie, Jviib eyl &R AR AL 7 AN,

D03-145
MEEW 2T BRI R AR & S 6k
IER
R LA S0 =

LG AT BOBE R R IR LA BN ) A0 B, AR iR e N PIRES T, AR K BB AR 4%
KO T A5 HPIRES,  BAMORSEILZ W PR RE (0 25028 o AR T A P2t A o o v ) N 77 R BE 25 5 S EOR R
SR B RAG G B AL B I SRR, AT AE A AR rT SE PR R TR RAE AR f A7 TE T, TP
TR T, WE S IR L RO A ANV B R SOR R AR A PR AR, AR RSk
T TR NG RN BT, 1R IR 135 [1-A) AR b & e PR RE R Bk 5
PLEE, st BRI RIAEERTH R & SRR LS S5 SRR 5.
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HEFR SR BT RS R KBIAE) J1 AT A

51



H E M KK £ 2025 DO3. kS EHE S

o

DMWE*. A LR
Hh [ B2 B R TP

ML A R SAHDURR ) 2 B RS BRI 5 BRI AINIR 4 0.7-0.9 15 BUEFARIRE (Tg). 2R, AT
KL, ACES R TIBUE R PR MR, BIRTESIE (0.43Tg) Ffil#s k2R AS & B B . AHEL T 4%
SRRV A S R, AR E PO T MY 60 K, 1A ERER T 11%, fEmiiB )L FE
DU SR RIPTA AL RE ST, IR BSOS . il Tg XU O BURTEMS 5, £ 0.43Tg t 2 4F
N IE BB RS SR IS T BRI R b IR T 210 17 s, X S5 iksE Rl & SR —8, RPEE
SR A AEARIEL N th B R B 02247 9. EIRRER THRIIER T, & mBORm vl E A 7 1R
TYEW LR, TAH [F RS 1) A MORLR T A 2 MR — IR, k2D B T 4 )8 B8 3 MRy 1) 28
BN J 1A 5L

D03-147
ETHRE LR EIa e RREFE AR BISEREFEWEE T
FVE L MRBERT*
IR R AR RN 2 S TR B

BT Wullf FIERRE RS =il lias XRD SE8, X4 —ouh 4 (AuXCul-x. AuXAgl-x —J o5 4,
AuXSil-x I EESER) HEANEGT SIS REAT T REMIFETL, TGRS TR R JT 3R
AUXSil-x —ItIkin G Sk R O AR ST T . BRI AR 2 P 5 A BE AT AR B, A
WA PG TEIRT 12 LGP SUT S8R R AL, T IR L 25 e sl 96 e 3R A5 1) HTXRD £l it
ATREAN, IR Tz R R UERR I . IR AR AT A Sy IR SRR R R, DL AE
ARSI R AE I TUAZ IS . Felifs, X T IE S JI5R ) AuXSil-x &4, dE— St 7 Hid %
WARIFAREA 7 (SROD TS, 1X N M= TR N PR AR s S5 48 B T i 54 5 1 i

D03-148
AR EREBRBEAR SRR R G SHRLE IS

RIS Tr it

iz | | e

I fh A S ORGSR B IR T 3R I ) 5 M Re RO L, AW S B A K R IR A PE4RRR 9T T
R AP S Zr50Cud0AI10 JE & & & AN 11747 o 25T DRI B UG AL v S B U0 e 48 X AR AR SR 1
B, WET STZ PIRBEAMME. HRSERERY, mEHEAHEAERA ST L REEIKEE20) STZ 1
MIFEARRE IR N5 T = % BB V) TR . 8IS PO S R RAE I, B X245 R0 1 s S LA L AS )
PEFATA R RE R FERL, AT R E TR A S IR AR TR J7 o JE 10 A0 S 56 1 B A i 2R Uk
SR PUESE, SR S EUON U A SR T STZ B Re 22 1 K.

D03-149
ETHTEM=4F T EWKIERSHR RS R
TR
B RFFRR R

AR E SRS — R T A KRR P IR R 2 4G, 78 =422 8] O HEAT B R E TR R)
FI B AL AP . R, RSB E AL AR SRR R T I =R B, MR M S TEREMI G . AW TT
KAV T B =45 7 HA R (AET), RERZERFIEES . St ey . B RET LSRR =4
FIGEMAR TIEERFEARL G, AT E R A BB RAE SR, SREUP R 7203 RUE N [
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=R LR T ARRRAEAE B o IR AR S SRR PR PR S E RGN RIE SR, R AR AR
JL PR PP S AL RGO L, IR0 BT R A ROR R B AT B 3

D03-150
D-mannitol ¥k )1 #H-E A 2185 ff G M 4RFAIE
FExRF*
o R B T B R AR S TR R T

WA Cliquid-liquid transition) 2 TRAATE A LK TEA A HITE L T I —FP e P a2 53
—MLFERERE. “UK)IAE” (glacial phase) M 5Tk TPP 70 7K IR AR 43S, JURFLE
FEHA T X FAHUIERITEE TR . D-mannitol & — M e 7y 7 300, R -I0E AR 1 FRAERIE 98 3038
T AN S5 Ky A2 75 T BAT AR M. BRI, 50 B 23 DA O TROW 5 R A B HL 5 e v WA R AR AR 30 5 2
IAEAEVE 2RI o RFUK N ARG K 2 AL AR - A2 50 J1 22 T FU A B TR s o P S AR AR ML 583
POAMRIEAE, FOE T Rer Bl iR Bt 5 .

D03-151
&1-Thee—HhEE SRt fl&5RA
TZE. B,
KIEH T K2

HOR IR M BiT5 S S h-Dh e — AL & SRR IR R A A I SE YU B R OR, 1%
SR AT E G SR B TEREM TP 6, HMECIHRB, W B e BRSO & ek &
M BAR . B G S G S R BB RO XK, KR T EEma ke, BATEE N
KR RNL, A BRI AL (K 22 M BERr I . AR EIBE Tai & & i B4R, 454 CALPHAD
JHEASIS IR, IR I R AN R-DhRe — A M i & 6, B R sR - DU - P RO & 6 o
E-BRRE-T s 5 < ORI E-PURE - R R & 5%, IFRGE O 7 ZIERECTE LR, A
1M TF RGBT R A5 M- D e — AL & PRI 18T R8s

D03-152
FRE MR R R A ST R R IR RERT T
Eih*
HAE KA S TR b

AR R G oy it PRI T — R 51#H 8 Co-Cr-Mo-Nb-B /i Ik s &4, 07T 7 H 5
JETERE. SRR, RS SRR G SN EA SR R e, B RE ST 1020 K, Y4
e AR BT 1100 Ko il B A A7 FRASE B v 43 0 Mk 18.1 GPa il 267 GPa. 8IS 2 b il K AR 3 S It 4k
BRH &M% 24 KA LS 15804 HV . %k E M T 316 A4 9 A 5l N
Fe49.7Cr18Mn1.9M07.4W1.6B15.2C3.8Si2.4 k&t i /2 3R B HE B 040 35 DT 3 b Aok AR i 25 2 s

D03-153
T AT e 1 AR AT H 3R A B
T, KRB Edr
i ke

UIVE A — B2 3R T & IR A RLREE [ DG T Bt AHIE TR0 T — P2 i m S AN AR IR B A i FE v, Ao
BODIREGE B2 AR GEE SRR B E R G gL, 2R e 32 2
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AN R AL 2 S5 AL RN 22 T oA S A e LB RS R T . X — WU AN e 0 FUH T AT
BIUTRIREE AT H AR e S 04 ) 2 25 s AL AN AL RCR,, 3it5d BE A T R R S BT UM I S Bl 1 L e 28 1k
PRI, SETBIEA ) e RS AN AE AR, T AR B Wik 2GPa B miffihr s B, RIS SEHIL 3491 5Lk ST SEf 2 . it
WURT FE Vit R RE S AT RHR B T 430 SR

D03-154
Ni-Co-Cr & & Fffi & & IR X 9 77 £ M BRI FEH LI B T
ThSfi e, B>
B RGBS 7T e

B SR AL BRI i 15 < AE 760°CHRIX H B R PR BR B 1) L, KR TRE R . BESR AR
AT T A ST A2 RGN, BB IERR A LS HE AR S . VRS R 2 K,
AHIFFE % FTCHT AR AR Ni-Co-Cr Hli & & AE B TR R, RGIRFT NI AR il ) A I R A F AL
il WEFUKEL, BE% Co A1 Cr g BN, & e hJmARoR AU SR R & 5w, I TRk Re g 5s, (2
EAPEDI PR APV MR, Co Ml Cr s INFEAR 72486, feit2r e, Hamhn TAEALRn, (AR
0 BRI . IR AT RE R RS AR B A S PR S, SR ] A AR A BT e R
UEAk, AR T REXS REUH B —E e ER, EIFIEE IR A TASHER T ZE ek R ETR
KA NHIARTAT N B SO AT L] -

D03-155
FHESWE T CuCrZr/CuAICrFeNi2.5 BIF& &S A MEIRE S FH ik
P E
M R ok GRYID
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WERTE. W ARG IR AL R S5 S, 1E 723 K 4R, ZE AWM EHEILH 852 +£20 MPa [ i
SR LK 39.76 +0.13% IACS [ HL 52,
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IR FCC (0T 5 BCC (RO A7) MAMEFRIL AL, il i b2, pmlih e FCC
FHIEAR P JEALHT 2 B . KT L, B siibAl. AR RARIE T A &4 MR K 6 555 5 1A
SURHAHIA, DA% ERe, S RRPEG &M SRRE SR IR A G . AR AR B —R
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HIELE 7T075A1 & & KRR Cu JREE (BAIERAGHD 1 W EEE, nTRUEEE RS (COF) [#
fik 45%, Al KiFft &K 100%. 70 T30 /#5328, CulW 2 5 BRI AR IR R T 7 Ak di A i
2, A RRVCECEE b S 100 0 S5 a8 30 30 7= A T N, AT BB R B T CulAl [H) 1R = RS B R
AR PP BORE SRR e RN, S8 Cu R R A E RS B . Ik, # 8RRl R W &
Z R EVER SR 2P RIS, HE— D46 AR 0 5 T R AN T ) 7 PR R XA 4% S e ST I R B 5 . B T
XA, FRH T HEREE ML E R EACR I R E (W-M, M AREZSERTD, Hd, i WA
SKRIFEE SRR, T M AR BEE AR . B S 5T, FRATARIIR A v J5 I HARE T & T, Cu
B E R DR, P 2 LR A A 2t FERR FRAIG 94% . RATTHI TAER I, 76 -HE-I- N2 & 4T, AKX
KM R Z 75 F B A S W20 ) DL E S IRE, A BT & 139 2 LG R S IR IR AL K
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MIBRLTERE, (BILFBCA BN, BERTEARES . ZURESMEL RIEBTENR R, ERIRE
RS AR L FH AT BT D) FAT IR RO L 2T 4R ) 75 SRR o IR 2T A 7 B T A A R s
e, BEAHE/NKER. SRR ENEYE . RIERIBT AL, SR E SR MR s M aity, A8
GBS 1 VR REAR LR 2 BRMa . (B BUAT (0 il & e 2T il A Lk 2%, AR L2R%. i
M, HAAK (RGO, TRMESER . KoK, Hil& 580 PR RE S A VERE R & e 2T 4k
Dy . FATEEL A EKGTLLER, — Dkl & HEAR 200 MoK DL B i B & e 2P 4. S
HEZTYEAE 23 YIEfH1 5T HAT 674 MPa [HTILIRE, Hrmi/ioh 8.1 Oe. WAIREILSEZ Y 116 emu/g. & HLiE
FEON 770 Ko 3@ 1R L12 AR UK SRR, 38 m] At — DA T 4E R s BERBR i g o I AT
2 R VE R R LT AR SR AL OB R, BN T R 2T AR B MR AR KRS, xSl R o < T R R A E
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FRT ARSI N B — M &SR Tt — P MG &M ZE G e, SR, BT L1, Al DOy AHAE I 2850 72 (1) 55 4
1T NS EAE R MR, 7RSS I NG s BT AR A BhAR . AW 7K INAE NipCoCrFeTag,
R Al JGE (0.5 at. %) 7] LA RUEHE L1,-D0y XU S FEATE AL . 45 R, BEEEESRM 0
HEMEIL 1 at. %, NipiCoCrFeTag, H I 3= ZEHT H 56 L — 1) DO, AHAZ Y L1,-D0x, XUAH, 528 N5 —
) L1y o AR AGER S FE e e, BRERE T 650°C-750°CHIAN AR B 46 1F T AT KA BE . 48
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D03-160
Extraordinary strength-ductility synergy in chemically complex intermetallic alloys with hierarchical
dual-phase nanostructures
Weicheng Xiao,Tao YANG*
City University of Hong Kong

Developing structural materials with an excellent combination of strength and ductility is a parament task in
advanced industries. Conventional intermetallic alloys (IMAs) usually suffer from insufficient ductility, which
severely restricts their practical applications. In this study, we developed a novel high-performance bulk
chemically complex intermetallic alloys (CCIMAS) in the multicomponent (Ni, Co)3(Si, Ti, Al) system. The
microstructure, mechanical properties, and associated deformation behaviors were systematically investigated
through combinational analyses such as three-dimensional atom probe tomography (3D-APT) and transmission
electron microscope (TEM). By multi-step cold rolling and annealing path, the newly developed (Ni, Co)3(Si, Ti,
Al)-type alloys show a unique hierarchical dual-phase nanostructure, exhibiting extraordinary strength and
ductility at ambient temperature. The yield strength, tensile strength, and ductility can reach ~1011 MPa, ~1690
MPa, and 35 %, respectively. Detailed TEM and 3D-APT analyses revealed that the coherent Co-rich disordered
nanoparticles precipitated out from the L12 matrix region. These reversely precipitated nanoparticles are mainly
sheared by superlattice dislocation pairs and generate a significant strengthening effect. Superlattice stacking
faults (SSFs) were also observed at large deformation due to the reduction of stacking fault energy and high stress
level that reaches a critical value. These findings are expected to accelerate the innovative design of ultra-strong
yet ductile intermetallic compounds for structural applications.
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UTAER, B o ME S =i A 4 DR e 0 L s FE AN BT sl AL B V0 32 BT 02 550k . AR, R o ME A i )i
B G 8w DR G 1 4 R (R0 A & P PR T BT A7 A 2 R4 I 8 Sz in) i, AN 4 AR AL TR 3R
W5 o FRG A, TER T AL o S e A R M IR ST AR R i 4 SEIR R I, 7E TipND Al sV 5(x=0,
0.5, 1.0, BE/REL) BB EEF, No SREEmMSEE 7RO (BCO MHRIFEME, FHA R
BT et & B AL AT R, AR IE R M 8.0%41.4% $2THZE 30.8%45.6%. ILAL, SEiEHls A
pm AL FRE— PSR T A SRR TELER T, (FE RSB S 2 1154420 MPa, [FE A IRFF 15.8%+1.3% 1]
R, SIbER, k)G BE 425 N 5.9440.06 g/cm3 LU IRGREIAS] 194 MPa cmPy. 58JF 4T
W T 4 mA LG T BCC (B2) YKBERITERG, A4S i-F TS B WL A B T4 83k 5 B3 1)
SEAEE . AR FON BT L R R S v R M R A s i A SR T — A ok, BRI AR A T
FEMPRL S bR B A
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PR ARAT R I & S AE T B R A — 5 52, AN R 22 140 UG 1T DA BB A 30 132 £k
AN o ARSCHEFL T AR JEFR AR R T CoNiV Hi & S8R A R ARAT A, I8 X 5 AR DL R 4 UG 28 28
43 H1 R BLIE Portevin-Le Chatelier (PLC) RN M PLC (M. Siit i R, 1IEAT ARSI NFE
A R BN AR BOS BIEAN T 5 I, @ T AN RIS I KRR A 8RR VD HERL Y 1 — P IE B X
Tl A (P 225 SR T B 22 P T SR 5 BSR40 RS 70 il SR 23 R 1A R T B AR BN AR, o =P A [
RAVIEA RS S AT IS AL, B T R IR ) 48— HUP A AL
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A Si KIEINRE FeCoNiAl Fes & S KB RERIOM 4544 BT e
TRl BARE. IELRE

FiER

WErE . RS SR —PE B R R BT 45 52 OR0E, B REYERE S o A RO A AE — E I 22
P, R B BCRE S RS O S A ) 56 R DA B A SR (IR EE LB, 6 TR T Rl & S I IR e R R B B .
KAELR G BRE A 1Y) FeCoNIAl Hg & 4 rh s/ & Si, SR A ARSI 00 5 IR B (1) 17 325 1) 4 HY FeCoNiAISix
(x =0, 0.01, 0.015, 0.03)H /&4, FIHHRHINE RS, MFM. SEM. EBSD. TEM F1 APT FEXf &4 1)
BRUEYE R AN OUL 5 16 FEAE 7 o LR F0 A A FNAS B 45 5 W T« W7 T 78 FeCoNiAISix (x = 0, 0.01, 0.015,
0.03) & & L TERE . 45K x=0.01 A4 2IH RN ERPHNEREF S MK ERE . 5ANE
Si FIESAHE, VIGEHE T2 () R RETZ(um) Frii ) (He) BLAURGA 15 FE (Pu) FIZZ i M #E (Ps, = 950
Hz) 7 3l 2% 7 36.5%. 5.5%. 11.7%. 18.1%# 45%. EBSD (45 %M. x =0.01 &4 BA B AR Sk R
~1(44.8 pm), 7T LLIR/D i ) I PR AR SO0 B RERS B (1 PHAS s I Bz A &b ZiE OV I ) 29~ 5°
(/N R TR S D (2.7%), XA R T B S FI3G N s K iE 526 . HRTEM F1 APT [H45 3k
B: 7£ x = 0.01 A&, B2 4K th)5 BCC BRI M R lC BEIR /D, 11 FLiZ & S AE A E Fe 1 E 25
fm A AR Bk REE T R (Fe + Co + NI &8l 76.12 £0.58 at%, T sk N kG e R & & X7 DI
BERRIA R HARGAER, FRARE & BIFm ) A & B AR A BE . T3 oh, $ v M H 2 T AR =i & 4
FE AT R AR AE o
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mfA 4 (High-entropy alloys) [RIHMARR I o RE PRI 0 F1 2868, FE MRS SR 25
FE S0 B Y (R P TP 8632 560 SRTTT, i 47 1000 <T L E i & R AR TAT AL REAT B = 2R ST
o BAMEHNBRNE—FFHHZH S, SHEEEEBEEGE (MNIHEA) K6 St RS 5o it
J& [1-3], ZA4&NITE 1000 T KU ERRE Fig T, BATHE SN A EERT 1%, e, a8
TR s 25 1) 325 1 B P FUBE e T SRS, I 0 S0 A FR R AR R ) o T2 SR B an el S AR AR E PE L B
T PERE K FEIRIK (-196-1000 °C) A HISERIBVEYF] o 45 1K N B LE RAUROIN TANBOEH AR PR IE a4 i i
Jr T SEIL R A . TSI F IS TR IERE . MRCE . IR R DL O S e, 148
JNIRENSE LI Fh 2 PERE LA B FIALA o XL R I I AT SRR RE IR — AR AR T A AT
L, FEARAENTSNUR . REVRSN 7755 FH AT A B oty BA 55 S FH o
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Au-Ag-Cu Z5 &8 & & RIS ) 2= R 5t
AHEE*. B2 BHER S [RAS E4EL SR’
1. BT K
2. BHRE

Au-Ag-Cu 5t | & & B R AR e P i s Ve R AN R AP B ORI e, #)
Z TR BET, £XF Au-Ag-Cu 5t &8 Il & SO A 23 AR 5 ) 2 M RE 2 8] SCALH 1)
RIZ A ATE R . ASCUIBA B EMK Au-Ag-Cu & B A4 (AuAg20.3Cu51.8 Fl
AUAQ37.4Cul4d.8Ni6.9) ARFFLXI R, Sia S HFATEAL A XRD. SEM. EBSD #1 TEM 250 4H
ZIRIEHAR, RGIE T Au-Ag-Cu 5 5t & 8 i & 4 AE I ORI AR T 2 o T 4 2R 3% DL K g 22 1 e
TS TR REKY, Au-Ag-Cu JE 5% & 8 i & 4 R I o BB I I 05 A AT TAREAE AT
AuAg20.3Cu51.8 1 AuAg37.4Cul4.8Ni6.9 & a2 [ I AL 3L I 73 M U 32T (FCC) &5 A4 B AH [l v 4 A
FCC S5t NUAHE 1A, AuAg20.3Cub1.8 & 420 b BE J5 78 iy S AL = AL ANIE ST M UTUE,  7E & N = A2
W2 AL 22 RE A T, AUAQ3T7.4Cul4d.8Ni6.9 A 428 I A5 A B Ji5 78 XURH [V Hh 35 A AL 2 T RE B T -
em PN VR R 3 R AL R RE A 7 2 Au-Ag-Cu JEA G om0 R A6 ¥ 3= LR (R, T & S AN 38 SR AT HE U0 2
Au-Ag-Cu FE &G HALH B Z R . %A 78 038R 51 5@ T E i & e K s P HL s R 7 3R 2.
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1. PRAE b R2E BEEHAR E K E TSI =E P42 710072
2. FWESIRT RS WrE R AR ECR 7T 0y 999077

0o 5 a4, 4] NiCoCrFeMn. NiCoCrFe. NiCOCr. NiCOV %5, FEfRiR 45 3 B L o Al v
P [ $ T R o X — PERBTR TH I S8 8 VA PR T WU AR S RS 0 , SRTT, N iR B8 M AR TR,
LAV R AEAIR I BT Hh () AR E AL M RS 2 7840 A 78 .l AL E 128 %, Ni2CoCrfe il &4
RS R B A . TER KA AR A SRR T, SE&EMRIELRATIK) I H R T =R M
BEJE(~672 MPa), FEfHI(~67%) XN ARELLFE F7 . B JRAL GRS X S RATH S5, o i% G 4 N AR S
1 fe I H T B BB 1 VR TR FE A I AL B A T R S A A S PR SR . B FRUESE, IR A I8 A0
WA AHE RN, Yo AR IS AL B AP AT 0 S SR, AIom @it s A g B 35 2 4EIR T 3)
BB I BOE RGN 1% o BAh, BRI AR S R A 25 M BUR K 3R AE R T ao=Mapbp”?) 2 18] £ LK
LR OCHRR B, RO U LA A B A A . IR SR A A B, (R AL A P I R A R 1
Witk o TN ERIR IS N B R AL SR TR A A
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Ti40V20AI20Zr10Nb10((ZrNb)20)), *FHEEA LK R ASTHONAL BT TAIBUERAE, 456 RIS R0 R
RS R 4inm B LA SR TN BT 4. S5 RRH, —=Fh & 438 — BCC A, AL ZrNb
SRR CPE SRR 22 B 2008 76 pm. 40 pm. 21 pm). B8R K =0 R 46 A 45 R E W, (ZrNb)15
RF it 2 T 6 58 R S 4 588 B2 2 3911 09 402 HV Al 1560 MPa, 117 (ZrNb)20 A i Fr) 2 T 5 5 16 4 988 155 20 9 29
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B K pop-in FHAFMIBEST. He Tk, FATEE R R TR B8 14 R Loz 07 B RET 79K
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JT A BRSBTS 2R, IR E TE R 64 oty % m i i 220 S 7 B Pl 0 7 8 31— S R B AR X Jit
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WRANGK LR R o T8I B 77 2 A PR TGRS AIE 1 R S PR sl id et e A B V)5 3 B e R AR At
T EE PR B I I B S 33 ) = A FIVE A, B4R T B e R B AR S 2 s g R ) o 5T )
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FBUCFEE B RAACFE R B R o 2T B A PO 51T 2 AT FUR g TR R TR, Wiyt
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(MF B, (ERA RSB0, RIS EHA R B 1T AN 51 S B4 EHE (QPD Hi)
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SRR, BT CUSOZX43AIT AR & iR TR, JERILT = HEAIISRI BRI R, L T HAE
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HISEEE, 8 T RN IR . 7EER LI AR R R R TR, BT TR TR
SRR, OB ZEREI D] T QPD B TR
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AHIEFERA T — Al et 1) i AR A s M N7 i, e BR AR R A I B AR A 1 B, S T
ZrssCusAlyoNis BUR G R BE NI . BAKI S, QUK EVE B IG 2R BRI RS . 2%
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AL, BY DT S AEIRTS AR T8 0 7R . A ARSI W 7R SO RE P K R 1 R, 34 1 B V)
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FP S5 R ALRRAE B TR T R UG S FE S . Hodt, 2 HPT AREERORE SR ILH B3 1 BY Vs AR AR o S oy i
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TR, 454 DERORM-3D fij BUBELALL, #RIE 7 &S ERUEE HIERAT . AN LLES G &bt A,
XTI EPIRIR IR (PMMAD 1 D-FK61 BT HERUE, FF B PRI RS S AT TS R AR T
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J IR P R P A B 1 B B B . FRA IR I RIBYE O B i 1 & G il itk o X RRIB I O 5 1)
MR HEAT DY BRI VPN S5 R IEHHAE 100 pm B, WRitgeik 94.21%, #filff 121.837< AR
S 5EKMERE. (2) @id Arrhenius BRI E RS G S R AR R AER PR . IS IR, R
BN AR R I, A EMRIES A SRR . TERARI RS E R T, BB A -T2 S
PRSI LS RIEAR L, BB N AR TFEA 1<10-2 s-1 I, BB I B0 AT AR i 28 55 S s i i 28 2
RECK, HBAEREE 713 K i, Bk Z R BN (3 PMMA SBEEEMAREE 2> 318 99.098 um
A 97.898 um. R EIE G PMMA FIIEE G ) S 2 2 7E 200~400 nm KT Bl A S 25 PR AR, I HLAE#E
MPATE N, PMMA FII OG5 44 F~F 250 S S R A i T B, BRI VERETS B0 . A, AR RE
J5 PMMA B EE 6t B fi £ 2 B8 113901 113.01S B RIFIIBKIERE . fERIR . RIS M BRI rh 3R 15
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H AT e
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TR IR AR B o AR TR LA B (R T A R, 10 758 IRAIE I ¥ i R B(RP) M 0.88, P44 %5 22 (MAE)
4 162 MPa. 83T SHAP J5i5 0 i 1 G BEREAEXS e AR o BE R, 3RAS T AR PR A . M T — MR
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ARG IR 2 TR S & 1 9K SR 7 57 S I GBI RORE, vy o AN BB PR 3t 17 25 (K N P
XL R R DAL S5 AERETT I AT B i et DA R4 e I P 26 AF . FEARWETE R, AT
BLiH 7 5~100nm #J5] ) CuZr/CoCrNiC AR SR %,  ASRZR H T MO BER 22 AT A bR o SRATTHY
R ai RN, B ARA GO HUEZD) FESER HAIARREE h FB/NIZE R, 78 10 nm ALTE 2
G, ARTIm S s, EAIBEE h fEC N TisA N, Sk CE R A S . ERERRE, J2EN h=
7910 nm FRZUR BRI PERE ) 7 A R B S E e, SRt HLAE 2RI BB 45126 503 0.295 AT 810-6 mm3/
(Nm). BEEESZIR X (OS54 70 TR W, 76 h =10 nm [Im S 2 RN, BEHNLHIR A T3 AR
SIBTYIAS T 51 S RT3 B 407 381 45 5 A AR T MU B 40 5 S (00 BRIk PR B 40
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4% AICr,CuFeNi, HEAs /) 8 /N A 44140 347 SEIGI6 I - St 45 SR 1, &4/ B4 i FCC + BCC
R, SR8 BEE Cr SR, HRamath, SiswEE0EK. Cr uR AR B E
FRNEESET, MEFEALE 332.4 ~ 447.7 HV Z[A1784k, SPIWE Ik Z7E 5.4 ~ 37.3 HV ZIA]. {HA3EEM
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D03-P03
Rejuvenation in metallic glasses with different initial states through memory effect
Junzheng Wang, Yi Li*
Institute of Metal Research, Chinese Academy of Sciences

Memory effect in amorphous materials is commonly observed and has been extensively studied [1,2]. The
striking manifestation of the memory effect is its initial move away from equilibrium after two temperature steps
of opposite sign, followed by the final approach to the equilibrium, first for volume observed by Kovas [3] and
later for enthalpy by Hofer et al. [4]. This is to say that when a glass is annealed sequentially at two temperatures,
i.e., first at a low temperature and then at a higher temperature, the glass can increase its volume or enthalpy (i.e.
rejuvenation) initially during the second step of annealing [5]. It has been confirmed that the plasticity and
fracture toughness of MGs can be improved by utilizing memory effect [6]. In commercial application, such as
phone hinge, the complex geometry of MGs products can lead to differences in energy states. However, the
rejuvenation of MGs with different initial energy states by memory effect is not clear. Here, we systematically
investigated the effect of rejuvenation by memory effect on the energy states, mechanical properties and
microstructure of monolithic Zr51(Cu90Ni10)40.25Al8.75 MGs with different diameters. For the as-cast sample,
its exothermic enthalpy decreased sharply, from 0.565 kJ mol-1 to 0.108 kJ mol-1, with increasing diameters
from 2 mm to 14 mm. After the first-step annealing, all the samples show similar sub-Tg peaks. Interestingly,
rejuvenation by memory effect gives the same energy state of the rejuvenated samples, with the maximum
exothermic enthalpy of 0.128 kJ mol-1. In addition, the compressive plasticity of the rejuvenated MGs also
become consistent and are significantly improved. This implies that memory effect can bring MGs to the same
state although they have different initial states. Microstructure analysis shows that the memory effect is originated
from the reactivation of soft regions. The above findings not only advance the understanding of the
history-dependent behaviors of the memory effect, but also help to tailor the energy states and mechanical
properties of BMGs, promoting their wider application.
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T AE 0 98 =i 5 < il AR e vk S e AT R O 1 R e

DO03-P05
2B RE7B K P FRIE Fe-Si-B-Nb-Cu-Mn-Al &4+ (48K b gm0 0 SR 5k i
PR PREIR. BLIR. B KR,
R BE T B B S AR T

67



i E PRER 2 2025 DO3. AEdh 5 ik

P AR i AR e T 7 i ) R DX T A R TR R 1R RE AU T 2, LM R R AR 2 AR T A
WEEREHMEL, TREHAE 10 ~ 50 kHz TAESZR T He BARRLEHFE . Sl S SO s 58 i DL & B 4T
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D03-P13
The synergistic enhancement of strength-plasticity of Zr53Cu30Ni9AI8 bulk metallic glass by adding
carbon nanoparticles
Dongmei Li*,Yiliang Liu,Peng Yu
Chongqing Normal University

Bulk metallic glass (BMG) has attracted much attention due to its high strength, elastic limit, hardness, and
corrosion resistance. However, improving its plasticity without compromising its strength is still challenging. In
this study, Zrs3CusgNigAlg bulk metallic glass/carbon nanoparticle composites (BMG/C) were fabricated using the
copper mold suction casting method, which exhibits good strength-plasticity synergistic enhancement behaviors in
compression modes. With a carbon content is 5 % (at.%), the plasticity was up to 6.81%, which was 9 times
higher than that of the Zrs3CuszNigAlg matrix. Additionally, the yield strength and fracture strength were 1.95 GPa
and 2.12 GPa, representing increases of 10.8% and 8.7% compared to the metallic glass matrix, respectively. The
pinning effect of carbon nanoparticles can inhibit the propagation of shear bands and promote their branching and
multiplication under compression, thus enhancing the plasticity of matrix material. Moreover, the hard phase can
withstand higher stress concentration without deforming, thereby enhancing the yield strength and fracture
strength of matrix material. This study achieves the synergistic enhancement of strength-plasticity in
Zrs3CuzNigAl8 BMG, providing a reference for the preparation of bulk metallic glass matrix composites
(BMGCs) with comprehensive mechanical properties.
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D03-PO01
Machine learning-assisted design of refractory high-entropy alloys with targeted yield strength and
fracture strain
Jianye He,ZeZhou Li*,Jingchen Lin,Pingluo Zhao,Hongmei Zhang,Fan Zhang,Lin Wang,Xingwang Cheng
Beijing institute of technology

In order to improve the traditional “trial and error” material design method, machine learning-yield strength
and machine learning-fracture strain models are incorporated into one system to predict yield strength and fracture
strain in refractory high-entropy alloys (RHEAS) under compression. In order of the feature importance, the
variables of the random forest model for predicting the yield strength of RHEAS include AS, u, ovec, D.G,
ADTUS, w®, ADDEN, AH, and E.. The variables of the random forest model for predicting the fracture strain of
RHEAs include Ay, ADSVE, ADDVE, ADR, and orm,. The ML-yield strength model and ML-fracture strain
model achieve excellent predictions (R°=0.942, RMSE=0.35) and (R?*=0.892, RMSE=0.41) in the testing set,
respectively. Based on the machine learning model, Nbg 2 Tag 20 Tig24V023Wo.09 and Nbg 1gTag 26 Tio.22V0.21Wo.13
RHEASs in the Nb-Ta-Ti-V-W RHEA system were screened and synthesized. The yield strength (1915 MPa) of the
Nbg22Tag 20 Tig24V023Wo 09 RHEA is higher than that (1689 MPa) of the NbTaTiVW RHEA. The unfractured
Nbyg 18 Tag 26 Tip22V021Wo13 RHEA under compression exhibits superior performance than the fracture strain
(16.6 %) of the NbTaTiVW RHEA. The mixing enthalpy of RHEAs is negatively correlated with the yield
strength, whereas a negative relationship exists between electronegativity difference and fracture strain through
the SHAP analysis. Decreasing the mixing enthalpy and increasing the electronegativity difference promote the
formation of the precipitated phase. The electron probe microanalysis reveals that the differences in mechanical
properties (yield strength and fracture strain) in the NbTaTiVW RHEAs primarily stem from the fraction of the
precipitated phase.

D03-PO02
High temperature oxidation behavior of Ti60(AICr-X)40 high-entropy alloys at 850°C
Zhiang Li** Hongwu Liu® Zhenxi Li®,Fan Gao® Qingfeng Wang?
1. HBIS Material Technology Research Institute
2. Yanshan University
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The oxidation behavior of Ti60(AICrNb)40, Ti60(AlCrSn)40, and Ti60(AICrZr)40 alloys was studied at 850 °C
using the oxidative weight gain method. XRD was performed to analyze the phase of the oxide layer.
Furthermore, SEM and EDS were used to analyze the cross-sectional morphology and composition of the oxide
layer. Additionally, the effects of alloying with Nb, Sn, and Zr on the oxidation resistance of Ti-based high entropy
alloys were discussed. The results showed that the Ti60(AICrNb)40 alloy exhibited the best oxidation resistance.
Additionally, the oxidation kinetics of the Ti60(AICrNb)40 alloy conformed to the parabolic law.
Ti60(AICrSn)40 and Ti60(AICrZr)40 displayed parabolic behaviors in the initial stages and later transitioned to
linear laws. It was also discovered that the presence of Nb enhanced the compactness of the TiO2 layer on the
alloy's surface, thereby improving its oxidation resistance. Furthermore, Sn formed a rich Sn layer within the
oxide layer of the alloy, which coincided with the formation of Al203. This led to a decrease in the adhesion of
the oxide layer to the matrix, occasionally resulting in the damage of the oxide layer and a subsequent reduction in
the alloy's oxidation resistance. It was also observed that the addition of Zr not only generated a loose oxide layer
dominated by ZrO2 but also decreased the density of the alloy, weakening its oxidation resistance.

D03-PO03
Achieving near-ideal strength in a face-centered cubic high-entropy alloy through amorphous
nano-heterostructure
Chuangshi Feng*,Zhou Guan,Fuxiang Zhang
Songshan Lake Materials Laboratory

High-entropy alloys (HEA) with face-centered cubic (FCC) structure typically present high ductility but poor
strength, severally limits their application in the fields that require both high strength and high ductility. Herein, a
near-ideal strength was achieved in a CoCrFeNi/Si nanolaminate HEA (NLHEA) film utilizing amorphous silicon
as a nano-heterostructure. This film demonstrated an remarkable enhancement of about 67.7% in yield strength as
compared to the CoCrFeNi film, and maintaining a desirable ductility exceeding 77%. The excellent mechanical
properties primarily stemmed from the nanostructure which includes nanotwins, high density nano stacking faults
and shear bands, as well as the strong interaction at the crystalline-amorphous interface. This strategy of
incorporating amorphous nano-heterostructures into FCC-structured HEA enables the achievement of ultra-high
strength and ductility. Meanwhile, the incorporated amorphous silicon extended its application in the fields of
microelectronic systems, solar cells, photoelectric sensors.

D03-PO04
Effect of the Si and Ge elements co-doping on the microstructure and mechanical properties of CoCrFeNi
high-entropy alloys
Xin Wang"? zhou guan®,Fuxiang Zhang*"
1. Songshan Lake Materials Laboratory
2. City University of Hong Kong (Dongguan)

The alloying of non-metallic elements not only changes the structure of alloys, but also tunes the mechanical
and physical properties of alloys. In this work, the microstructure and mechanical properties of
(CoCrFeNi)100-x(SiGe)x (molar ratio x = 0~33) high-entropy alloy (HEAS) systems are investigated. The results
show that CoCrFeNi)100-x(SiGe)x HEAs transform from face-centered cubic (FCC) to body-centered cubic
(BCC) solid solutions when 10 < x < 25 and form monometallic intermetallic compounds (IMs) at x = 33. This
crystal structure transition is different from single silicon doping evolution and closer to single germanium doping.
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Tensile measurements show that the strength and plasticity of the alloys are simultaneously enhanced by the
addition of Si and Ge elements in a single FCC region (x < 10), and the micro-Vickers hardness shows that the Ge
element contributes more to the enhancement of the alloy's hardness by modulating the ratio of different Si and
germanium elements at the same doping composition.
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