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D03-001
XH FCC +BCC RF%H FeCrNivx Hifi& &
MG RTT B SR R
R LN

FAFHTHC S 77 (FCC) fn R G5 1 i & S (MEAS) B A RAFIZE e, (HomEEA 22y T H TN, &
IR 4E T ARSIAE FCC AIA AT 77 (BCC)WAH FeCrNiVx MEAs (x = 0. 0.1, 0.2 f10.3, EE/R53%0),
PLHE 754 fe . BCC AH&Z FCC A @ i V Ju &R BV TE 5. FeCrNivV0.3 MEA (V3)[H e ik 5EfE
(00.2)FIHL IR 4 58 5 (sUTS) 43 HiliA F| 357 MPa Al 855 MPa, #H EbF FeCrNi MEA (VO0)/r#l# 7 17 113.77%
1 94.32%. [AI), NARHELLAE 11(cUTS—00.2) 1 283 MPa #2531 498 MPa, ¥BIEI{RHF4E 19.5%. X Fhis
SR [F A 2 BT 58 AR SR AR T 5L (HD D) (W B RIVE . K FCC AR FNAE BCC AHZHL AT
BUAH R R AR AL T R R AIAE S (PBs), FHAS TALERIE RS, M0 T A7 6825 8, (kT Rk . A Fi2s R
PEEAMRL T A RE T S R S5 H MEA I3 THRAE T 37 I 8%

D03-002
SEAMRIREE KT E/10 —JE G & SRk ot LR

RICHE T AL RS TdBfE S, AT
1o AbsUREE, Tk, A5 TREREAR
2. AW RS, ToABE, MU R
3. BB R, kRS

4. hETEYIEB G, RO S T
5. JHHERE, MIEfiRFER, TRAY¥R

B SRR AR R 58 B2 A RURE AT E b ACE R B 3 2 A SR RO AR SRS LUK, el
KA BN ATEESE— R FIAENEE AR B2l S 96 UE SEFA A B2 ] DLIA BIBe IR . 2810, XF T 404
JEMENT S, BT AR SSRGS A IE s, AR SRR R BRI R . A TARE LI IR Ik
Fe Rk S i m RAE R (> 107 s INERSEH, R INARAh & S 7E %M A 1 T 1R LR SR =ik 11.5 GPa,
2RI E [ 16, B — R AN RSERAEA MY T 72800, KIEER & SN R T
HIWT LR AL AR, IFARERR AN ECT # WA B D) R A e . AR AR H I FLIRZh /7 S A A g
IhfeeRe 7 AR R & R N AS RGN o A, I BAOR R AR IV SR Timah e, 1R it — 2D
T -G RSN AR, BRI T AR A e B I (R R W R ATy, MERRI TR S
SRR NAZR T B FLIRBEAERE . EIRBER X T B I N AR N R & e AT N R ES R,
MR G B B S MRHEN S 26 A T B TR AR Bt 1R 7R

D03-003
FHAINER T IR A SRBEEA X IEE A BAEA
JE g
e N

Ed A SR E T IMARB SEARFGE RS, Wb & S AR L & DURRREAAR TG 7 25— 28 AL
SIEMEL RUFHIZEA VRS AL B % F . WS TR PO A8 I8 S R A O AU LA T R 1 R Al 5
TX AR SR A W 2 4% RE R AR S SR o AT, DRI E B A B A VR R 1 B 2 e AN 473 5 AL
T AR AR T O ) e )
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A6t AR DB RS B AL, bk R T SRR IS L B R
“PINEHAL”, RWIARS & R BB PIRE T BARRI B IR . 3T R GRS A NS4
MG T EAT YL EBAAERARA T, JROLE MR 1 7 — ISR GE i 204 7% . W
S IR AL G S BAZ IR AR &, 387 7 ARE G MIAE B35 R BT T Hh TR AE B, D540 J A 4
TERE T BT TT 1A o G E B AT RERWT  _ MAE S TS BRI A R, AR T —EE NS
S e e R = s ) ek £ B R |2 /A 5 - SUW NG i3 A B/ 3 M e R/ [T/ R [ R G
SR NARACAT o TR, SRAT AL ok FE SR T 417 R R W40 BSOS 5 1 AN 2 25l L4 v T B2
AR, I R E A RAR

BE— BT, WATEEE B AR ES AE E R AR AL BE S, SIAP R AR 45 105 T AL
IERCR, R T — BT ARG & S SR R A REEA MR, 2R R EHE T BN
JPRA BN, T LE SRS 5 70 A A UL BN 2 73 0 S 5 T LI e 284709 . X — g
HEZE P iz IR S AR A B AN FLIR 3 e B IO 7%, [FIRRE A T AR A,

B, BRI R R AR R R SR A A ELAE 5 T R R, AR T — NMEA IRITHESE N . 5
JEMRHEEUT AR RN (I U5 B SIN KRR RN, OSBRI E NS, MR R SR
#HBEHRmFE M TARRAE R, XA ARSI BT I AR X A2 5), JFSEBl =45
&R PIRA B ) H AL, Oy PR T B S5 R A - RE SR IBC S A — LR [RI, L)
—ASEEL T B E S B AE T TE, ATEH TR TR R, AR T ARG EA S T
S&hE, THTHEELAERE T RIS EAL R . W TREW, TR AT N SR R
TR RO, X TR AR AR, AP SR I X S R A B A AR ELORHK, AT
R AEAR Y ST Y T BB AR AL

D03-004
e E P oS Bl Ee s A
K BB TET Y MAT L SR BRI
1. RER#

2. Department of Materials Science and Engineering, Johns Hopkins University

A EER R AR SIS B BT AN Sh SRR (fragility) « 12247 J9 DL 2 A8 52 PRS2 0
PEREAFAE 2 BRI kB ek W], A AR SRR D9 & B oML 2N, ATl 42 LAom 45 4
MO PERE . TR NS — B, s R K BREBAC A — R AR AL F T k% T R fa & T
AR S, WEFE T 2 (AR SO MEAN R B LR AR A PR RE RO RE IR, e T AL AR & PR RE R T
AR, A AR SV AL R BE AT Dy AR dfy 5 e VERE RO SR BE PR SR AR, Il R IR O S # AL AL
PERE, FTRONIT AT itk RE AR B & e TR AR .

D03-005
BT HSInER R TR KRR A F R R RRER
BRI . ARAEER . RIEE
RIESE K

ARG AFA R R, 8GN BIEINER 78, 5 S SR IE, JRa %
TR SR R & <eE o AT 2 A B AR BRI R AE S A SRR A5 A VTS AR B A7)
B 7 AR, 45 ) St T AR AR ) SR AUL T 70 S A 22 o0 3 1 508, A SR I A op AL 22 R Py S5 A Y
H R IE SR I iR, IR P R R — I R BC AL 2 R (X BARIAR D AR T 1% 2 8] i
BT, BRGSO RRNEER e [FRE]CEEIE 1) BATIEIE FAESE, AR5
G T RT 2 T IS BT, 3 2 R 8 G5 T Ry sUSEBL TR N 51 00 A1 o B FAS RN AR
TS, SRR SR TN R AN SR IR T R 3 AR A MY AR AN R S T AT, AR
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EAT R R ER FREIERE 5 oy PRI, 7ERE Ry sSUAHEZE R, d i &, AescIlN %
ite UHEERGE, ROV, BRAAFWSL a2 Bl RGN, R R i, X
BEAEWMFE S ETH BB M EH TR, Fla 304 AN KD RER
[(Ni,Mn)-Fey; 5(Ni,Mn)os](Cr,Si)s0-35; 1M IEEL RAARAEEN I — UL ABAL H Fe #8140 1Cri3 ANEBHRI
B ] 2B N [Cr-Fegq]Cry .

D03-006
(MoNbTaxZrTi)Aly M & & £ i K AN AL 2
EART* AP BT SRA . X, skPi. mERE

TRBH DAk oK 2

BCC ZE M X =i & < B SR . i BEEE AR = (1 =R e Re, 523 1 2 O AR A BRI =
TRIBTERR G 7 RN R . A AR B A A R B R 1 25 (1) Al-Ti-Zr-Ta-Nb-Mo 5§ & 414 R AE AR TRt
%, REUR/D Ta FIENIN Al 2 2 (SRR Sl M PE VTS, HRWT T i A o AL 2L s BF 9%
SERELW: (1) TizrTaxNbMo XK Eifii & 4 B SUFH(BCCL+BCC2)2H ik, E I SLAY (AL f gkt . BiE Ta
TR, BCCL M & RBWIFEK, B E IS AR A ARSI AN ERR, & E&m=
T IR ORI A B, (B S IRYB IR KRR . TiZrTa0.7NbMo &4 I¥B i, A 34.8%, AR E
5 2 A SR R ORIFAE 1276MPa. [l 1 5 A B AR 3 B U1 5504 5 S BB DR R e FE — 30k« (2)4E TiZrTa0.7NbMo
A4ERE, IMAARFESER Al TEJG, (MoNbTa0.7ZrTi)Aly &4t AlZr3 HriAHr=4, o R MW
IR, BE Al SENTE, BB, T8 NAR K. 775 8RR & 4 0w 8RR
JE R T A SRAL ST H SR . BEAR, (MONDTa0.7ZrTi)Aly &4 7E il B A 5 KA 84k, 78 1000°C
{155R BA5 400~500MPa (I JE AR IEEE . (3) (MoNbTa0.7ZrTi)AIO.1 f Erili i A2 i 26 4 52 10 o SR T 0 s 22
18 T REME A . (RN AR A (5%10-4s-1, 10-3s-1) FIFTiZk I 7 B B 4R DR g5 M, X AR T e E R
BiE K ARBUSFE. A, RIF Arrhenius & RIAT TIRARN S8, HAFH T AR, RIESHEARE
R, @ THRIMTHE, T RERM T TZSH (BREE N 1180~1250°C, KA FK K
5x10-4~10-2.75s-1) . (4) (MoNbTa0.7ZrTi)Al0.1 & 4 AL 41 23 2 B AL (R T IR S5 44, 3R IR AL AL i)
NN TG . [EAERERE, BEELRREN TG, S8R MRS, JoHRME RBIKm Al Zr,
Ti TGRS G E IR, XU #O0 T DU S & & e R WO m AT . 25 BTk, AR TAEH
(MoNbTa0.7ZrTi)Aly £ 4 1 ] K /AR TEAT R BB N i 5 6 4 AU A A A 381 % T A B FH $ Ak i
SEH.

D03-007
T R A T AR TE R R TR AL A ) b S R SR B A R 2
7L
AR HLR TRE R

M T3 = B 1R RGBT, 54 8 AP DL A Rtk E 4 . SR80, BT
BIETF R B —Fh ekl B2 w4 @Rk &4 Chigh entropy intermetallic) BEEA mom i X BA &8k, 51%
Gt & B AL SR, X Fh i 4R A S B m FE L R s S A B2 R A e, B M
H ARG ERARN . BIEEEERE, ZESRIH —Fh 5w 10 A8 5 i & R sh SR8, 8
HAETZ IRV N R R R T . Kk, SAEGROL TR B2 B4R, X 4R AL SRt T
SURI IR, LE = A B (homologous  temperature) A5 fE RIS 12 I¥BYERZ) . XEER IR T —A
TTE ] R AN ] A S Hb vy o v 0 e A 4 S R A A 0 10 L %

D03-008
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A B G DR FLURE 1) 77 22 AT AN D e RE 1T 52 B [ 4 77 2« B SRS BRFIM B AL 2 SR U 1 |2 0
A b & AR AT R S FE R 2 [ 4R S 2 AT (4 I 50 A s AN B R . — o ASHIF S B30 25 120 B X
(dynamic mechanical analysis, DMA)J& T~ F HH 4 (free volume, FV)HESIR T T AWM & & B LR 21T N,
IS EIRHELL M SRR & SIS 5 N AR A OGS, RN T 2 M A R A S ERRaS IR AR VL . 7E3
AR E LT, JES A& S5m0 RS2 k) Lot I3 RE R TR RN, s AR 5 S e o I 2 498 Ty o 2
PERIR . X BIBEBSHAR S, WS AR S HORRERFFEE, HNARTOC. XA R IA B T e f & 4
RS BIAT NI — PN

D03-009
Improved mechanical properties of Al0.3CoCrFeNiTi0.15 high entropy alloy by laser powder bed fusion
without post-treatment
Yao Lu** Xianping Dong*? Lanting Zhang™? Bingbing Zhao'? Kazuhiro Ito*
1. School of Materials Science and Engineering, Shanghai Jiaotong University
2. Shanghai Key Laboratory of Advanced High-temperature Materials and Precision Forming
3. Joining and Welding Research Institute, Osaka University

Additive manufacturing (AM) has garnered great attention owing to its exceptional reliability, flexibility, and
accuracy, which enables the fast production of metal parts with complex geometries and outstanding properties.
We designed a high entropy alloy (HEA) with the composition Aly3CoCrFeNiTig 5, introducing a small amount
of Ti to obtain a better balance of strength and ductility. To streamline the actual production process of the
Alq3sCoCrFeNiTig 15 workpiece, and steer clear of labor-intensive pressure processing and intricate heat treatment
procedures, AM processes can make a great difference. The investigation unveils distinct precipitation formation
and strengthening mechanisms. Additionally, we have introduced remelting technology as an alternative to
post-treatment to enhance the properties. The mechanical properties of laser power bed fusion (LPBF)-processed
Alg3CoCrFeNiTig15 HEAs were notably improved. The product (29.7 GPa%) of strength and elongation of
LPBF-processed Al0.3CoCrFeNiTi0.15 HEAs was nearly doubled at room temperature under the optimum
processing parameters compared to the cast alloy (15.9 GPa%). We found that LPBF processing not only refines
the grain size but also leads to the absence of the L1, phase and a decrease in the B2 phase content. The
segregation of Ti and Al elements on the dislocation cellular structure enhances dislocation-solute entanglement
and greatly improves the yield strength at room and elevated temperatures. As the remelting process changes the
molten pool geometry, grain refining occurs due to rapid cooling and limited space for grain growth, which
further improves the mechanical properties. The LPBF-processed alloy without any post-retreatment achieves a
tensile strength of 979.6 MPa with an elongation of 30.3 %. The study involves a comprehensive comparison
between Aly3CoCrFeNiTig (5 parts processed via LPBF and other post-treated FCC HEAS, which demonstrates the
feasibility of improving the mechanical properties of HEAs via the LPBF process. The potential to directly
integrate LPBF-processed parts into production has the capability to substantially decrease costs related to
post-processing and significantly shorten the development cycle of the production.
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FEFR O IRAE A iR R AR, X SRS RAEIRR 3 SRR B DIAROC, Wi Ab 3% A8 A
. 2S5 NIE, XM EAER RO TIZAT NS S RO AN RE . JEFREEh TR R R R EE H T &M T
B 7 AR s TR PR 1] o AR T4 K F 45T autonomous basin climbing (ABC) J5 ¥ HIK 18] 4 130 11 241153
X Cuzr HE & S K RN A AT N B . [FIR, FRATRA AT R B IIAE R G & IR G IR SN AR
XF CuZr JEfh A e AE KT 100 s (I [ RBE EREAT TR R s Bqtl . 456 I ROBEFIZE S0 o R FE AR,
TANIERA T HE 5 & 4 1) ST 0T8T g2 b 5 T2 B A8 (1 19 00 & A8 R 4 st 78 B BR i 4% 4, 1X S5 il
TEAE S 4 B SRS — . N RNV AR R I 25 DG PR 7 T R b B S N ) st T8 I AN 32 BLOK SN
RERRETE R AR E VPRI TREFEH, HSBURMA N IMBEGIEER M KRS T, g
H R AR RERREE 53, SRR AT E AR PIFNIRE] 7 8] 158 4 (KR AR BE 1 FAT 0 T8 [l i A0 3 )
SRS R

D03-011
ERITEH PO R S G540 R K 5 R AT AR RBREBT 5L
R VERE 2. BREINL S, BEWE . TE
1 A EBEERE T B EROR 5 TR BT
2. MR
3. A

BB — AR RS R RS S ol Sk HIE RS B (HE, TR T
Mk, 1 H S Z R R T A SE R T B, BT m B M 7 SRR R R AN, RIER2
BHEWTFRY], SRR T AR AR R, (H2, FEZURE 1A i [R] V<5 R AE 40K RUBERG LA
e E R P AR SRR . ] i B AR AR LRl oK RUSE IO AN I S G5 R I IR U5 WL 1 22 P RE IR R R
PERSONAR & IR AR Z —. B, R NS AEE 2T AT LURS i R e oK RUBE R DX ) g 2
2GS 1 MR, B RARAE T ARG & SAEPUR R S ks PERE, 07T T AN S Pk Si e
B FE RE A I S BUR SRR AR h AU, R T AR & e RIS AR S X &
BHRERSFAEFVIRFR. KK, BEEHSIZMNEN EBEZRRTG, FALHN 7K REA
P51 5 R BE AN RLAR FRIEA FUER, B NI BRI N 2] 2%I], AN S1 G5 o e AL RIS AR AT N
IR T ARSI VI G54 o foeJm BT TEANR A ST T Bk A < R B 1 0K RUBERG S AT 31 T A% 30
NEERERG R, KT B &R B R S5 AR SIE . SR BRSO % sh 712 5 2 e W e 22
T NZIAI 2 R RIRE . XS5 0K et AT AR B e A SIS I AT DR, IR AT LR
B, ARR A P OW S K AN R0 2k BEAS A 5% 2R (0 A ST B A B A SR i dfe

D03-012
BS S RREEL R R0 RBOE R R ET R
e TLRL*
P T S

PR e B ARSI WBLR, (EAEMES SRR REEE FE AR [0 7341 o 2 (RDF) 35 — W 1 67 B (r)
o BE AR L PR B AT HE ISR I AT 0, i T X — IR IR IR R, H BT AR AR R R
Wt NP &8 B, B AR HER TS EE Ta WARPEEEHERE, KRG 11217010 6K 2
BV RO AT N . ATHIBE TR, BRI R LT CREE , - BIRRRIA 7 RS ke,
ol JR T 5 A T R AR IX I N BB SR T AP B A S i A R (A2, RDF S5 — IR L T =
WA (B AT 9. IRADHTHE T R ECR ], SR Ta SERDIRES T AR R A AR
HI R R R A R AR 5, OV BRI EEZHT R (B RIS, Sl R R-1 (8] 5 2
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A LA BT SR T2 K EZHWAS TR « RNMZRRESSEARE i) iR HH
FIR S BRI SR A B AR A S A

D03-013
e MR R BT A 5 MR
B, T
AR

WO LSRR ST E N AR R A S B RHE 2 —, & H e & ST RS i@z —. @3k
B EMM GBI SIS R 2 M N AR RS L AR BB &0 — KBk . A 745 Bhah s 1204t
X (dynamic mechanical analysis, DMA)AF 7 dE i & &6 28 G IR AT N 5 AR TN B T 45 SRR AR IR
PR AR FE S N, T T IR R ) S AR PR R AR A P A4S A G BB TR B A AL B AR A BT IR T A,
RS N AR 5T YR AR BE AR AR AL T — 8, TG AR A S A S5 A A S P g — SR S T G R S
AR BV S5 K4 BT ARFAE o SR PSS TE 1 7 20 R OC IR AR SRR, ) LA [ B Bk ) A G 1R i 12 A8 T 73 2 ()
AL o T i e AR T AR AR T AL 2 R B EE LL 2, FEh T X 4 B st B e (PR, J8
g, JRE) , MIHERAFRR ARG SR NER . @XMk, G RAEAER & &4t
FEERALIPIRES, R IR T2 R & & AT AT G AR IR R

D03-014
ETYORER G 2R IER S &M 13RS S B L]
Mgl MO, ZekEmk 2%, MIIERE >3, E. Pineda’. SRYLYL®. FriEiE*®
1. VLIRS
2. HRE R} ERT 5 T
3. A LA RS
4, T JEHE T K4
5. ILARK%E
6. FHdb Tk KA

ORI ARSI S R B AR G & SR EA 2T N EE R R . 8 T REEG & SR ERE,
P A AR IR FE U B 45 K B AN S 04 L2 A R U7 . RATIE S GOK RIR R, RAE 1 3L
ZrsoCugoAlyy A& GEANFRRES T RSB MBEEE, UESE 7RO SE M AR ST R I ) 2247
N EZN . (EBIA BR TG IR - AR 2, IRATG I T N EEEE R E. DI EoR, N R
T A BRI R EE RT3 T PG o AR AR B A5 (1 52 7 45 o0 A it 5 R S5 PRSI W U=, IXAT e
NEE R RN Bl R X S MRS I RE R o 33 GE v o0 W A TR R b (R B R RS Rk, SRATT AL R ik
TR R RERS BA U . EE R AR T, SRS RIAT IR &, TAE IR S P IA K
R o IR Bt — A EURRIEL, FRATTT DATE 48 b Ji 7 Ja) A8 S DXl R 37 8% SR K/ INR BT ) 5 K/ 2 1]
MIAHOGHE, X7 B R AR R AR 5 & e AE A R RE IR T BB IEAT .

D03-015
CoCrNi i & & B2 LA K B AR BT 5T
RS, AE. Ll
PUAE Tk R A AR B

EHXS CoCrNi Hhffi & e A AL K F i A P AN BT A i R, ARSI 7013 ) 22 U B 17 CoCrNi
w5 < A SRR SIS G0 52 AT AL BRI, A B 70 20 2 o FRD B AR R P AT 7 A e R et o 3
—, I URIRAIE R T ARE SRR AR A E A AT N S, JFE R T IR RN . A
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SEIERS b, JE3E T CrCoNi g & b AL SRS R S HOG AR TEATLARI AR SAMET, 65 Tl 56 A o A% T AR A LA
A FAERLEENE R PR o e, I GOR IR, #8751 b SRR AL DE (0 F- A AR ELAE AL, S8
Kah R GG R AT RN Bk

D03-016
SETRA A S AL G B AT N
S SN SENE SR
L S E T A A MR (6 G S T 5 TR e
2. BT A TR e

ASCWETE 1 22 AR FRAR B B JE v il & <5 (0 0 A PR RE RIS TEATL A HR 52, F 7 3 ) 22 IR TR T
WRRRIR 5B AR R, R AL B R 7] R R A T AR AR . A S R R TR PR LA AT
ML SZ A BEFEAR, ARG T TRIP TWIP RIVALES s A AL A BN RI RORE, 53505 < 10 9 B M1 B8 P[] If 18 i
I HRMEEWTRG, s e S PRI o

D03-017
BRI BOLTE R Fe-B& R MR MBI TEL S BRERELA 2 FEAHEMEAL 195 Jept
BRIL. EfFR*
AR R

LA FerssSiiasBoCusNbs 3E 2k i M AT IR A & &, RN OL I & 1 AR A2 AR G5k fiE L
o M PKR G AR U RIS RE . R SK N AL R i3, (2 T — RPN
PERERIR =, B MR K {E. 2R TOC LERFAMRH AE (55, XHEVELL 195 70 T BRRR #h 4 R P
BRI AR HEAT THED . DFT BEUEE SRR, Biah Ot MR A IL R AV BE A i T HARRR 1 2 AR
Gif, I S,05" SO R YT L IRMBER I 2.74 eV FFKE] 1.34 eV ZMH LT H A W i Ak A AE
ksa*C = 7733 mg-m?-min, A5 {8 28 WICAHCR 0. BRACRI, AR AR SR 2 3R
EALTERE 14T RS

D03-018
bGbUE g R AT G e R S Y G

= 25 %

= A

e K

FER A i RO LE Je 1 1A 4 — B AMTTAMRIIE SR o SR 2 U 45 84 42 S IX — H AR IR = o
53 45 A 3 T H R R £ 0 S R S P Rl B 71 o SR, SR P HG v — ol 2 S LA e I B
IR CAEARE Ty o A SCHRIE T i85 5 A 45 S Aoy JEAT HARSE G 075, LD 28 1 — P i i) rhol
A, FERRAI(NI3CrV)100-xAlX (x = 0. 3. 6 19 at.%) MEAs 1, 3411 Al & &AM H T4 FBH /AT Zener
pinning 1 % 4% F- 45 &, T HR I 70 3R 70 BOAR I 73 b e, A0 00 AT R IR N0 20 T 45 et P Ak o 252836
B, XU 4H 2V (Ni3CrV)91AI9 & 4 (1) JE A58 A 1151433 MPa, HRFRITFLHEE Ny 1448417 MPa, #J7)
KN 17%+1%. SRR R T ZFoahLs], B R R G, s somtt,
MM IR T B R . [FR, XRE AR MBS SRS SRR INE M BRI - FIEE & . Bk
B ZHE. AR G TG 2 RS TUAT A, -6 & BAT BRI E e A 25 (9 hn LA AL e

D03-019
FeCoNi R H/HA &3 RS FIm B bk RE BT AL
iR R, B, R
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FigRE

—U FeCoNi R Bl & STERARIFIN IR FR, WRIUH R HREYERE, RN —
PR BT RREATRL . AR e rp | A S R e 5 H R A R LR AAAE— e I 2ZE8E,  BM
EHERTTR I ok 1tk BE AR A R R I DG 2 — o ARG EL T B B e R 1 B ) =T FeCoNi Hif &4
V47T FeCoNiAl #5441 7L 76 FeCoNi(CuAl0.8 i &4, B/ E N Mo. Ni f1 Cr 855, #H
B E SRR FEIN, L REE e A S R Bt B . 30 FELE R

XA CHEVEREMIRE ST KL : FeCoNiMox H@ &4 Mo BB INEH AR T & & RIS MK i TERE -
FeCoNiyAl H4i& & Ni M3 IA R T A &0 B R BOBEVE AR, T 6 22 U 3014 M e 52 i A8 K
FeCoNi(CuAl)0.8Crz =il &4 Cr MIBE IS T 1 & 4 1 BLIR RGNV e A AS T A W 14 e

XA & AE 3.5 wt% NaCl i H I B AL S B il BE A 7 A Mos Ni Rl Cr BRI =l &
1A IR PR AT (Ecorn) 52 m AN K, (B R o438 17 5 Tl B A 5% 2 (Icorr) » 55 & R 1 Icorr (1135 [ 7E 0.267
~1.555 uA/em2, T FeSiB b &4, 304 RNEMAIAHE S FeCoNi &, Hili& 4.

X SR AT WSS, S5 A LR R AT b RE AT A B: = JC FeCoNi Hi & & /b2
I Mo &G L S HH T &SP AR R, T EGE T A & R e AT P RE . DY
FeCoNiyAl Hi &4 Ni & & 1B InfE & 47 K BCC A SR A= B i) FCC AR 2 E e/ dokar , [ Bs
WS T A e N R, B S R i fE 1S BB R 2 . Fit FeCoNi(CuAl)0.8 =il & 4
H/b BN Cr 2§ & 4 BCC AH KA I RT, HK T &4 Miims 5 B, MMsE 7 &8 1
T P e AN 5 k1 i

D03-020
gt-Re— RS &
EHIre
RAEH TR

R R W BiTs SES-ThRE — R & SRR IR A . AR TS SUR R oR, 1%
SR I E G SR 2 MR BT, MECRI, R RBAL S st A, JF R & &R &
HEBAR. mE SR E SRR REM BTG XIR, KR T &SR ER, B EEMN
RN, A RN AR B AR Rt . AR BIE T & 2ot 848, 454 CALPHAD
JTHEMSEIGIGAE, MINIT A RANEH-Dhe — R M il &5, B e R - P - i il & <5 ok
EB-BRHE-TR Pt e i o e R RO - DU - AR A M i 5 255, IR R 1 ZAERETATHLE], M
A TEROB R G K- D e — 1AL & AP RITRE 13T s

D03-021
ERITE P MB ERETRNERRTE 2 1A B SR
TR T it ke
[iE [ N

R PIE E A B A OB R AR (7 R AR K B BB AR IR U I AR R AR s 4k, oAb TRg
B ERARPERIRES, JERILH FE st IRAT ). B P st BREh s mE 1A T8 A IO, o] HL AR
RSB GER  BIEEEAR . AT R AR AL SR H A A FATI IR < B P A st AN A AT
NI RAIATE R o BATELBIE ST w0 BRIk i 5 872 SCI AR T = AT AN B stig
T Jm B ORGSR, BATARIL T RN R st G AL A vh i T B i TR S o IR ARRE S B P SR
M XY R AR BT R RS R S PRI R AT R, ST T <R B L A ) i A R AR UL
215 T REVE 0 T A B IR I (] 1 vh XU A, I NE B S o TR, JEIEXYT RAR A
B I HT I B b TR BN bR FEAF AL B A 15 405t 78 38 fif AP TR St BRI, T A8 5t TR R 1 RE O
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Wo BATHIBE T R 1 &) BOIE R LA A B0 BRI BEAR, X T LB R gt rh b Bsh /122 SoRs
Ve 2 B IR AR B BB S, I HO MRS A E PR IR i B2 A st T8 T 3 1 (O 5

D03-022
(Ni45C023Fe9AI11Ti12)1-xBx A & BB IR i & R A S LR IR A
x|
Hh [ AR ELG FE B A4 R 5C BT

ZHLEERA AR IR RPN e A A e RS T 4 A PERE, RIBTERIHT R4S
PR RL, FERLZS . RIS IR A B R R AT R . T4k v M T R0 Ak v S50 il & 40 )2
PERE, FATIFR T v ' FHFEAS BT H 0 (Ni45C023Fe9AI11Ti12)1-xBx(x=0, 0.5, 1.5, 2.5) & ¥ & B AL &3t £
HotmiR A4, BB ITREAR (LMD) pIhfil & . AN T TR & X v b RS 1
SO, JEAERLERE BRI 7O G AR S bR . ISR RE . PUmIR AR 2 M B R . T
FORDL, RSB ICERIS,  EAY G FIAS 7 5] X 3k 350 i A4 y AHAN RS AHIE 9K v P AR AL, RSB G
RGN, L5 MR SRR i (R AU SR I, 4 & il — e AR, BT i Laves A5
HH, FFEERL S ANETE R y L4 o XA AT S|P HIRLS, IHKIEE RO SRS AT U5 Ak
AR SR TR, RILA S E IR R RS v AH R - BB ARG . eAh, X iR 7] S Rk AT
WHK, R IGIRE/NT 700°CHE, A4 1 e ki B2 6 o5 I B2 = i isr, - 900°CH Jee i S i B 5 B SR VH 2K
Hi% 25 &4 05545 600 MP LA AR . 38 xt sh Az Ak sl 83k 470, R ILiZ R A& 4 10T S
TP BE B A B R I R, IR T 5N S S S A R R XS SO ST G R
PR RS R ILE S AL E LRI e A T S E I S o T A S AL TEEL
WA, JERICE Al Ti RAERMEEA, JFH Al TEABE T 0P BoER L Ti 18, AAEEAE T T.
BEJ5 Ni. Co. Fe MEHIMKRZY B, 5 O mamidt— 0 kA, #:35 Al Fl Co B, Ti #1 Ni FI%fL
WITESE S AR N b — 20 kA OB, HLAE SR R A S A 52 B4R ) 1R 52 ) e A 3098

D03-023
Fe35Ni35Cr20Mn10 Eilil & & LM M ER G 2 72 BRI R T H AN T # s R S R e e AL
s>
RPN

AICHEFL T Fe35Ni35Cr20Mnl10 =& 4 (HEA) 2 IR GAR 22 M4 7E 400~700°CiR FE [X ] ARG A 2%
PETFHLURI S 2 M RE R S5 FE P . ik XRD. F3 e B B AT RSN, RAFLE T AR
BEMIIMA R VR . SRR BB LM I R SRR R e i 2z, HLRIR S &
KA R HEA 23 BRI RE M. HEA 224148 400°CH1 500°CHE 57 5250 5, o4
R AR5 FE A R AL, RS 600°CLA RS SRIb /5, O AL RMsR A R AR KB, R
ERHPARET HEA ZZH 1) UTS (G YS EIZC T BRI LA, (HZ 500°CHT 600°CHE 57 k50 5, HEA
ZeRF ) UTS (AT YS 3 T BROGIR LA . BAMNRIGAR 224428 500°CHI 600°C IR #AI 57 S5 i 23 K AE i
(o 1K, XN T AR T A = N ) S R

D03-024
BhEAE RATRIT R AR ra iR s M BT A
BOmEx. T WAL, BURYR. ISR, WHZE. LHRR
Hh ERE A B T B BHOR 5 T RERE T

RS I N T T B st Breed. RGN, WSl I AR HI AR,
P RGN 2 A VERIRLE . (B, JRIE v ks FERELIE ] R iAT A% s Y A AR 2 A R A BT R g 11
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A REEIEAR AR AL RS Z 18 PR RESRIBVE T FE B+ 2k = BEXS LR [, BESL T Cr TR B
ANZERIR KLY CoFeMoSIB & eI ENE. BiiPERE . MHPhERE. ERABRITRIN . OO Es /ARG
WEZE K AF RIS, JERAZ S SO & T RS [T AR s, WTIT TR IRES R L . b
R ZE IR R PERE . WFH] ) He 2 0.48 A/m, YRFIRLEE R 58 % Bs O 0.28 T AN HE RS #s s F
FH G & FRIREE ) BiAL TR AR R i B A . (20.28 %) IRERTERE % (UNT0.02 %) AR R 3L
CUNT£10.3 ppm/KD SFAR S IERE . A AR MBS EAR S & S HIVERE ST S0 1 BB, O RAHRL A ]
TR A B 5l &Rt 7 5%

D03-025
Strong and tough additively manufactured NiCoCrFeTiAl high-entropy alloy
WAL BUCERBR. MAk
erh BHECR AR R 5 TR b

Additive manufacturing technology has gained popularity for fabricating high-entropy alloys (HEAS) due to
its inherent design flexibility and the ability to create unique structural features. However, it often introduces
defects such as micro-cracks, which hinder the achievement of optimal mechanical performance. This study
unveils a novel NiCoCrFeTiAl HEA, suitable for the laser powder bed fusion (LPBF) technique, demonstrating a
wide processing window and exceptional mechanical properties. The optimized HEA exhibits a yield strength of
811 MPa, an ultimate tensile strength of 1071 MPa, and a tensile elongation of 29%. Notably, this HEA displays
remarkable fracture toughness, with a KIC value reaching 279 MPa-m1/2. The dislocation networks introduced by
additive manufacturing, along with stacking faults and nanotwins, coordinate the plastic deformation at the crack
tip. This coordination allows the crack tip to withstand high stress while enabling the plastic deformation to
extend beyond the immediate vicinity, thus preventing further crack propagation and enhancing fracture
toughness.

D03-026
iR HEAR R & SRR R ENAT A

SR

[P

S G TR VRS, £ E TR EBNREZ RS G, NRARR SR
RE, IXMAHPR S T AR & < ARG AT (8] BRI A R R P il BUA SRS &6 (Iry Os 48) e iRixX
— R T EE D, AR, MR B AR S BUL SE PR R S BR . AR 2k T AT R e A A 2 v
mBAARd S, AR R IS 5 AR SRR, I S BRI Bt A AR AT AR S I RE
TG ENE DA E R A . B TP TATH . PURRB RIS DT el AT, SRt
e AR T S ARG ) B TR AL, RN PR BT TR (RIAL S AN AR T R AR 5T E LSRR E
ARG FA R TR R R AR S S A AT, MR ER R S50, AR IY
FEALEISE, B IEAR R A S P AL, ROR IR AR S & S A i AR R B s I 15 S B K Y, X
e R PR R A A S RN R A H R

D03-027
AL AR (EN) P & REB TR KRR E SRR
TRE. EAER*
AR K
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KR ZF LERIE T Fego(PosCor)ao M Fegs(PosCor)iz 257 (Fe60 1 Fe83)7E 0.6 M NaCl H i) Ji i = A
BAT N . P I C 2859 & &M AERIEREE /T, 1S SRR . AL S (EN)FIRIOU 2514
TR, Fe60 RIAHIMB B, Bk e BUE MBI, BA RS i Fe83 KI5l 4
JRE s G, B BARIIET il o 28 49 oK G AE B4 B AT InEtiAL I POX 1) B0 12 gk R B
B & AR b e A 2 2

D03-028
HE R A SRR
L

LIRS

TR DR LR () W BT B R R AR . R B . R IR IR v A, T S R
G E RN B R A& R mE SRR, A ERBE G & DA R By R e &, B EE
SUAMEA BRI FUR Lo AT, 2D 3 S S A S P R A AR L T AR R BT I PR DG B
. XA FCC + B2 45#4(1) AICrFeNi3 b & i & & Rl L4 R AT om AN, oAl EL Tl S R 8 1
HEE A ez —. Bk, AL AICFeNi3 3t m il & & E N, SRR Cu. Mo TR TEE
fk, W Cu. Mo JLE X AICrFeNi3 JL i mii & & B A S5t i bEgErs2ma, 481 AICrFeNi3- Cu/Mo
E A AR E M SEALAT N, R RS LI, BT AR WM A SO A () N FEBR R

D03-029
SERRERA SR SR AT RE AT
i
KA T 2

i EEE 2014 FRHRHEOR, BT HR LGS R RIS ISR, 2RAAT
WAL BT R A ez, H TSRO s i E ST SR — R e RS ZRE T A B B e
GBI R, EHRNR T IR RS N B A MLk, HEUESUE R LU TR,
AR I T I R o T I A PO R T HRR A R TT

D03-030
BT HAK L12 R R R & B SURAE T
ZER A
[ o 2 5 < SR T T T

B BRI R S AR R T I T BRI A, AR I BT A I8 2 BRI < O SR 1 R
ThEg Sy, TEERRG] T HEARHE M T IS o O TR R, A TR T M ROk, B
FERIG 54 (CoxCrisFeaxoNiasAlsTie) H I AGIK RS Lo A HAHOR SR s 65 8 (TR B 1t hE 77, FF 38 1 #r
HAH R R & B & < S AT RS2

I AR Los i & e (0 L PR BE I AEAE AT IR I P RO e b A R BRI & I SR AR
I, AR AL ST A A B R AR T RE I G S A R IR A E
THE IR St A RO Tl ARG, Hr AR R S g o i e, & &R CE Cr 1
TRAPPEBEALHR, b AR RS KR Tl SR I, Hr tH VA AR AN 7E 42, TR FCC B4 s Cr SIALIREEL &
Prif AR B AL NI BRI . SXAANEY 5] ORI AL B 45 K 2 1525 AR & e AT R PR e 0, (et o
PETBAEATROR . 20T AR A RO AR TR SR I, & RO P RE I BEHT AR & BRI 2 M Tt . T
IR AR L1 & 82 38 wi.%, milili & e i i AL AT DA 258 mVsce #2151 2 603 mVsce. XA THAT
PR PR T B AL BB AR S P ST K K R R PN DT T . 2%, 8 Nie AL T L1 YOG AE B o 2 v 4t

11



T ERDRER 2 2024 BEEE — Jm th SRR 2 DO3. i 5 i 15

o) T AR, AITI A A S PR TR 2 (e BRI CroOs ISR BUEAZ, I H. Cr JUEAE FCC 24k
T E RS S SR ENE. Hk, BT FCC A Cr e R E £, WA AU IR R E) /1%
SR, AL T R AR R KK

ERTAR RGO T 1 H7 SR e o AR SR TR BT P R AT e, W T 9K L1 AR L
i, A BT R e < AR R PR TR R S

D03-031
Pd EIERAERIBEATABI
TR Tr
(i[NP

VE NS Z2 AR H B F AR R, ] B I AR A 875 2 308 5 0000 R i AR T AL, 7 R A 4
AT A TGN -5 30U 45 A AEARE S B2 12 A0 1 i 1) B B FE N 25 . FRAT LB 30 & 712 0 it
W5 T Pd BRGNS IR B AR X 5 i VS B M I3 AS 12447 R, WEE 7 3L B g iEa. 7EE i
PRRUSE Y (REZE R, 308 Jok 7 AR S R R R RN B A S BT 90 T 39 3 2 AR UL P B () i i AR AT . 4R R
B, YEPEASIEAT N SRR N AR R B I A OG . EVE AT I rm s AR RE AT U R T B st A TR
TR AT A, BAE B ot TR G R B AT TRAR S0 . 5 lE RO 45 M (3 S, R AR [
AZ ] LA Kohlrausch-Williams-Watts 7 F2H1 S R SCRE AU IR o FRATTR IS T 33 i IR R (1R K 2>
FEURBEIE K, FRAES RS TR N AT G B F IR R S & SR iR N AT AR,
TE AR TEALI B T AT R AW R IR, R EE & & S 70 s A SE T IR P26 T S 8dE 3.

D03-032
RO A AR R SR AR BRI S SR
HEC I e
L oft 8 AR SRR ST
2. THK U LA b

B EOEATE  (Ultra-high Speed Laser Cladding, UHSLC) 235 JLAE B 24 B3 i 2 bRk 1] 45 4 A
NERAME GO 15 7 (Traditional Laser Cladding, TLC) FEZBCRIRML THRFBL, W E T &by g2ty
MAHER IR R 75 2K o AR 3043 IR UHSLC A TLC J5 M 4 T FeCoNiCrMo =i A 4 (High Entropy alloys,
HEAS) )2, FFX ZFMBIE T2, BB E. TR MBEE. SRS Rl SR e A7 J il
PEREHEAT TXTLURE T BEFLES KM 5 TLC IRJZM L, UHSLC iR)Z RIS EE FEFE T 149 150 fi5, 3K
FREFE B BR (TLC IREZ178 38.35 um, UHSLC #2298 2.62 um) 5 UHSLC 2 JEFERK T — 1K
g (TLCRELN 2mm ~ 3mm, UHSLC iRZZ18 100 pm ~ 200 pm) , H HEMFERERRAL O
& 1% )5 UHSLC )22 FR AR TR g [ 4 ek o J2 10 ke R ST B /0N SR B 1 9K ) G 34 ok R <404 190 nmD,
MTT RIS i R e G 32 s Ak, UHSLC ¥R 2383 S I JE ik, 7E 1mol/L H SO, W R B
AR PR B P VR 5 A e v 1 L S b LA, X R AT UHSLC 3432 WA R R SR AR T ik 2 s, A
RICRS IS, FF BB RSN B BRI WIIR Ry o A TARSRME T — MR s R 1A )
UHSLC HiASK PRI AR A E HEAS IREVERERIFT NG, JmTERE HEAs 78593 2 U i i il
HPRHE T HOR LA .

D03-033
1B 1 R 4 AR SE BN TR 0 2 R R RVl L LSS0 S i (R 4
Eey AN RN St
1. o E AR 5 B AR 5P
2. PR TR S TR
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VAL R A 4 (PR A R 5 FEMUAR I R AN BE 1 08 4% - ASHIE 7018 FH IR kil % T FeCoNiCr
(AlxFeCoNiCr; x=0.0, 0.25, 0.5, 0.75, 1.0, 1.25, 1.75) &A%, @it Al &R HEHIE S MR, 4
x=0.25, 0.5, 0.75 I, fEMC32 77 (FCC) AHFEEARH T 7405777 (BCC) . 4 x=1.0, 1.25, 1.75 I’ &4
SE AT AR A BCC A o B 4 A R 45 I IR 5 P M 5. — FC.C M 1 230 MPa 3t K 3 1 #— BCC Af 1) 1200 MPa.
AL, M x=1.0, 1.25, 1.75 i & &+ KA TR > #4532 7 B2 1 BCC A% AH, FHH B2 #H/2 & % AINiCo 1)
HIFHH, BCC NELE Fe-Cr LFAH. A& A THE LT TF LRI 2R S8 T HMHES
ANE IREYERE , CEAMINEESS) N BT B L PR BRI A [ AH 2 8] B B T 75 5 T REFB B (MR 3808,
2 x=1.0 &4 7E S IR T R AR Ak Z5E 311-2.2% . %0 50 9T e dh i M ThRE i & R it 7 — A 42

D03-034
BOCIBALTIR K& B R Al-Ti-Zr-Nb-Ta AR & &
L7 SN S5 2 N ) #8
Hh [ TR R T B AT T i

MEKE = A4 (RHEAS) TESS MM 5 T A BRI /), (H 2 IR NG T R0 b0 T 5 A L 2 B FR H1) . AT
VERHBOCIERMTR BRI OV 1 — Fh BA U 5 BE A ME R Al-Ti-Zr-Nb-Ta MEES s &4 . B el
B TR R AR S AR AR 2R 5 R I S I TR A S AR, 8 BRI R R T O A TR R
(LMD) Hitet: L EE H 3R P i &40 57 1 5UBE AL-Ti-Zr-Nb-Ta RHEA K. B T340 AL M R 7E 1
MR B R S ER, LMD FF 5 I A0/ S 5, TSR T A A e s R AR B ) SRR
H R A RIEA . AR T SRR R A AR SR TR 174 HE R R E, LMD A S I ROM 25
¥ 5 & 5 Nb Fil Ta [ BCC AHAILL K26 4UIRE Al Ti A1 Zr () B2 AL % S¥EFEMAHLEE, LMD 3£
FFRE S F PR 50 B AN 23 3 0 T 44%F0 83%, TAF] 1450 MPa Fll 42%. X2 i1 T R (40 /N2 A o
sl AT AR I [FE R B0, TS T LMD F 5 SR RS AR HERRBE 7 6

D03-035
FALESF R R A SR TESH
DR
B 20 P

CRR) A ELERIT] 125 AR IIRGTE 7 AR SRS A TR A ? 72 125 NEAREZ —. 2RI,
BT AR R R O RAE HEAE T Im S5 A To e, AL P ARR &SRB R BBk, HOREAGIEA
BUSHEZR IR o SR 1Rt — D S5 A IR T UL AR, AT BoAT SR TR R SCHR SR LI 73 A o 108 2% ) e
it NI R I A e JRUE 2 IR 3 S 1 S B B, SIEBIU 3R 5 < vl 10 SR 2 e I 45 il
IR o AR 754 H VAR AR R B B R RN A BE TSR0, $ RO O824 1 8 DU 4 2 51
NAER G MR (T-T-T MHED o R P R BUAR S E e 00 A A Kl R BT AR B T
s, fR AR S AR S AR R, R, IS TRR R 4D-STEM SR KR EHE 70 BORFE AR
SIS KA 73 A rp S AR R

D03-036
Botsgi T H R RS A& SRR ST KRBT
>
LR

BOtEM HiE mf & e RSO B b R B AR % SR GV RE A A4 O 3 H 2 38K A Tl A
FRILBUH AR B . (ELE R 3G R AE TR RURE b s Y R T B 2 o ROSIORE B ATCMT A 8 A LA T AN
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RS AT 57 VERE, T ELIE A RS P it A, 3™ B 2 7 34 3 i 5 <R 2 A 1 A
WS T B TR N ] o AW FUE A ST BRI B, TR RS 28 DX O A A ol TR SRS 1) 26 22 57 R
R S e, IZA LN DS TR IR T RE Rk AT, TR SR ORI S A, BE T 2%
fE PR AT . BEAl, T IR ELBE XN KA SR A AR B, SR R R R v SRR 57 9 R 2 R T
WEFE A B s A AR RURLAE 5 55 RS0 e rp /R VLB, st XIBOGIE AL BT H AL T vl & < 57 I 2L
PR BUARE . AT TS5 ROTBOCHE A AT HH s A R oo & < 78 el AR 57 PR T B T REAL I B 5 il o

D03-037
ARSI TARFR T LR & & CoCrFeNi B #1ER8
TEEML KIEIR. . BERE. SR>
e L A RRL S TR

I e B A ST b Bl S 1 L2 R DU R Bl DURR DL Eoe A, H T 00 57 1 ) 25 1t R A L
BN HIE g AR, M7 FCC 4584911 CoCrFeNi mii & & BA MR E M. TS it . brisiaae
&, HESR SRR LN S B T IR M. BRpT ISR, IRESRAG, [ SRA, 205 S AT AR R .
BATRILFEE CoCrreNi Hrot R L R LL o] DL FARTEAT N, AT J1 22 e RE . DRI, AR IR 7L ik
H C020Cr20Fe20Ni40, Co25Cr25Fe25Ni25, Co35Cr25Fe20Ni20, Co40Cr20Fe20Ni20 iX JYFh& 4 NIF A AT £,
W13 I F B I E R R R PRI S T 5 f kAR s AN R 1 L i) CoCrFeNi A2 TEHLEE .
SIS RN Co Srmn AL 248 RE, 2 Ae BB AR AR AR AR el HLREE R RE RS
%, RAAS AR S AR AR () ik 25k . 385 Warren—Cowley parameter (WCP)Z Uk B Cr JR-1- EL 51 i)
Hhnes{Rfd Co 1 Ni fEH I BIE 5, SCEWPREATEM, dmem 5 rae.

D03-038
WOCHEA B BRI R & SRR PEITR
SR RN N S
L. o T RAELE 5 b T
2. KHEHL TAERHRIAIE 5 TR

LN R 5 A (RHEAS) R IO DI RE M ZS MIREPE SR T 132 563, (HZ HARRT B3 K35 B (0 > 10 glem?).
M AN TR 2B 1 )R AR KRR PR T LR FH o A% 458 1) 35 25 FEL SIS R (VAM) il 258 R 48 0 I s 0l 2 4
s REK K (d > 300 pm)FEAEARLE, HAE T B E A A EE A BEIRIF AR X R 410 722 1 e, (HiXd fE
AT 5N Laves #H AT MsSis BUAH A EAH . BRIk, ABFFCBETHH —FMIK Al S & RS S & 4
(p ~ 7.8 glem® FRIHI T A 4k A WOt & B UTR I 138 (LMD) J7 v s sh i ] 45 B 0 S Bk g
M TATATRG &SRS AU, 40/ ESE R RLd ~ 39 um) B F il B350 A &SR0
ML NITIE BCC gKkir(d ~ 6 nm)fE B2 Zefk B4 (1) BCC/B2 LAk H 4, 1X F 245455 T BCC ki1 B2
F A2 TA)3E 24 () s FEAS L L (6 ~ 0.64 %), FF H &S WMITAE M AEYEART . MBS & & RA RIFH=
I8 45 i AR P (oys ~ 1600 MPa) R A8 (6 ~ 50 %). e H (i 24 e 32 05 DR v 5 5 1 45 2 okt
5T R d AR BRAK . T TG 3 R B [EIVA SR AL DL 5 T BCC 4Kkl AT Ak . A TARi#E LMD 1
P& LE B2 FER AT H 7% BCC 9K 1IR3 IE 4L (1) BCC/B2 JLE2HEY, MRS T R =& &
FISRIBYE AT, ke RHEAS OB THANHI45 BRAL T 57 i A

D03-039
SRR A SRR S AT AR
Frex RGBT AN, Pt
S RIPN
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EATiv Zre HEC V. Nb. Ta S5 7o 3R 2R IOHERE s & SR B 57 (0 0 S A PR e, S22 AT
M2 R ORI, TS Rl & < R SIS RE iR B, B IR A 7L TN . AR T
T EERAR T N FIrAE [T BAAE XEE 0 o S sk 38 05 T AR ORI 7T, B IR 22 R 7 5 IR AL
ST AHBRAL . TR A SR N MRS S S B R W L R N AL BE T AN Y 5B T RE 0 5 THT HIFE AL
BB T, NI RO R e S P A v A9 o e B (T 1) LA A A

D03-040

JF BRI R b R 2 (R R AR 2 R AL
BREsm . B VR EETR . DA A ARG . B LS. xIwl e, mhaR G sk, Rt o

FRL AW B L BRI, e AR
1. Fa s Rl s st =
2. FPERLE B BRI 7T
3.t AR AL AR 7 B e AR 2 T BOR 923 =6
4, BERCRZIUR L 5 R R b

T IRE B 5 SARSIRA MRS, AT T P BOEMBRIEE . TR R LR =21
Eo IXUE SR H B E N Al T 2D TENEN . FEXTRHUN T RBIERR. (RSN 60 1
KD BATRAGUK IR 38 YR 1 RS A ) S e .l IR AC 2, AR 13X
LR IEMUR B AR B BU SRR A RE i (RS FE R o RTEURIL, SXEERE o 2 AL S BORRE ol (1 45
B2 FIFRARE T E RN (RO 70%) o X Rl EOK MR R S 7R L (B R R AL R A
AWEER], Hehne R B2 R R Bl /N T 10%. R, JRA TS 5B IR ) BB AN,
JISRB BRI b (A LR Z AL AR AN K, IR i T B AR R 2/ T 10%. B FE4 RO RIS
PO EAANRE PESR AL 7L, 87 1 AR ) S BIR RR  M K) 2 3 B R A IR AR E PR ORI, 1K
NIRRT R AMBLU 5 2 (B PR 85T ARDBT AR At 1 i S A S8 B

D03-041
IR A SRR R IR AR R LT SR
X T, FARE
PEAE Tk K

AH I T3 P 4 it 2 A 3L L R B S D PR R A RO o IR AR A AR, RIS R AR A P A
m AR PRE AR, 78 0 Bt s & & 0 R ARG B T SR, AR /ZD A AL O 3L i S i & 4 R A
F4E ARG . TEARWTFEH, BATLL Nid4Co10Cr12FelSAITTW2 ASIGHIRE, BT 1 1B K IEE 1
AL B [ ) 3 s A 5 I AH RS AR RIS . FRATT A 4% T AN R L BRI JIR T IR A P 45 R AR
FEIE B T X S A A SR AL RN 24T . HrP I PIIR 30%4 SLAIE 5 7E 1000°CIB K 20 434l )a, &4

B2 25 T IR R . A R oy (e 5 5 A 9E 4 20 il $ 7 B1) 842426 MPa, 1387+11 MPa Fll 27+1%, FE A4 i il

AMUAI BR Ao B2 AR 0 T A Fe P 7 0% A_E o S5 & BISTHE SR IRI0E B B 1 & SR L], ZRH
HAUFR SRR A T, Ao, DAR SRS RAL, 1 RAFEVE 2 B T REEM IR, FFEAST .
R RIANIE T I ARG P R MBS SN TR SRS, TUEHRAItEREES e, BEHR
XU & 4 1) J1 52 PR RE

D03-042
WA AR T R BRI R L12 KRR R & s r Btk
UG, EFExORERE. BEEE. il
PaAL Tk K%
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BT 0 H SR AL WL AN AN R A i AR RE 7T, LL, 9KAHsR s & S R A I R -G, ik
HRZ RN RE. SR, A IR S 2 20 L1, AT, & @M i A L AH ot 2= I FE R AN
ZW, GEEETRSRENHBIENHHABEE. KFAH &K T AR Fe & 8K LL ML
AlsTigFey(CoNi)gsoxBo1 Ml &4, WHFL T Fe HraEXI &S LN, 5RKH, Fe SEMIGMNEE
Fem T AlsTigFex(CoNi)gsoxBo1 il & & I = IR GREEFNIE M. 4T AlsTigFe;7(CoNi)esg oBos il A4, HIT
FEAEREA T L1 AH, ZETEHLH] EZ A S MU RIE R . XT AlsTigFess(CoNi)ssoBo1 Hilili &4, AT
L1, 7 HAEAARAR 73 B ) FRAAN FCC LA JZ 48 RE 38 -5 BB T I #8 rh 28 SO R A2 i 3 AT i i 5
TE B N ARV R T B AR AR AT ) 7= A2 . R TEM A XRD WSR3 T A R ARAR R 2B, i@t 72
THE T 7 FCC—BCC AHAR 1 J5L AL o s FCHT A B AH AR (R 2E T S ARSRA , AT B w8 1 A4 B A o FEE RS 4
fem Fe 2% 29 at. %fEit | FCCHBCC #1738, A& MM — ST, XL T Fe & 8EXT
T AL = G SR TAT NI, 345 T L1 AHSRA S & & T e RS T oL, Rk
R s FE AN RE JE VA ST RE T T IE AR

D03-043
BT H B ALY SIS R & SR A ) R 3T
(223 OIS ENIE S e N = o ITIY 76 F
i Nz

FERL 232 3|2 KRR Cantor F @ IEAE L, ATIFA T —&RIIFT Ni 84S Ni #93R55EEREE
CoCrFeMnNi i &<, MENSEEL 1 XL R A REAAR TG 1R 7. o, BAABRZHEE CoCrFeMnNi
R B e B AEAT RE P AR N R RN AR T AR i, AT A AR 5 S 28 (TRIPD Ail/elize
A ENE (TWIP) 2K8E, HETTERAF UL 1 AR AR AL BE 0 REYE . SR, X v 5 <e 10 2 i s R o S22
e AR, XBORHR S T EATH TR HER . @ C CRIE I R A R THi LI (FCCO) il &
SR, SR, MRETURE], & C e SR, JFESRIRG ek, Fit, Eit
re o IR E TR & eI 2 IR C &, RN St — P m & e . AT/RRM 7 —
LS TRIPITWIP SRR A HT B AR BSGE i & <8 0 A VR BER & BT SR 1528, & T Cantor &4
Wi T M C MAGRZH AN CrMnFeCoNiIC Bl &4, PRIFHEA TRIP 28, Ml EHLH,
RUFRIEENE; W5, it C & Efedt FCC I ™A ST th A, JE78 70 A I BRAL T H i oAk 2%
LA A TENLHI R T, #2545 REIR, BEE C SRR, &EmEIREE.
PURLSRFERE AR R AT 73271 SR LA 24 i E EA D TR R C ANBRAL I I 51 A &k RS/ NN L
B R . BRI S AR RAE T — 7 TR EARUE B HCP B IRk AR TB2Rd . OR £ LU &4 N 1Y) M23C6
BRACYIRENS G RS AL RS, 8 AN R DR B AR 7 e, A B T2 AR JRddAb . 53— J7 IR £
BEOMAGAE SR A ES, 8 1 AT L SR B R A TR TR, RTINS R A ) FCC AT TRIP RN
TWIP 3L [FIEAT 1RG0 Y e . A TAR Ny B AR M i & S BT A et 17— 2k 2 k42

D03-044
b deaa al ey R R A N VA E [ S XA
fhakig M2, JEEgE T wKIT
1. B Tk K2
2. PRI Tl K2

Bot st (LSPYRT T i & & (HEAS) R 15 3 2O FE A K ZR B AL, AR T [
SRV B RRE RS I8 A R B SE L P i AR RE AL BE T o IO A MBI FE A, LSP i S HINL RS . /N
A I SRR S R AR TS 08 T R A e A NARRE AL RE 0, BT HAERE R P AL R . SR
BAR R (DIC) IR LA A BEAR LS S TRAL, MR AR (1 s LB 7 1 SR LAY ) AR T o 377 4544 (fec)
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IR L R e i B e BT, G5 5RRE, R R, RS i & e BN R
AR T B B BT U7 (SBS) A4 1 BR FEZJZ MV SEME A, SRS 1 400K 4 i DX B8l ) 7 38 Jey B A A B 2k
R A BB AR B, tAh, FEEBREATER B, A AL Z b Al S R AR AT AR
T RN ). 2 R RSB PIRESEEE T AN 2 IR RS, $R T BB ESE R HEAS 19
EPERE. B B AR NG KR, B GEMIAE AR T I RE v v (179 L 9 A (A I K (R v 5 b
BLECE LRI N AR AL BE Sy MR B RS &

D03-045
AlC01.2Cr0.8FeNi2.1 3£ & 518 &£ FIROM 4 2R 1 #8 J B AT R AL
B, MLls. EE>
IR TR

EHL AIC01.2Cr0.8FeNi2.1 & &A/E AT AN &, R HFMWAHL . J12E ke R R T T KRG T
FC, FFERE AL BENT A S AT AR AT TR T, ERAFTE T A &b b AR L S e A T P RE IR B2,
#7~ T AIC01.2Cr0.8FeNi2.1 A4 7E 3.5 wt.% NaCl ¥ (1 JE AL . %575 AlCol.2Cr0.8FeNi2.1 & 411
WO N FCC AH+B2 A JZE Fr b BLIR SRS 3L S 2 45K, B FCC AR & % K/ A 2.5+0.8nm 1 L12
HRFENHIAH. E 1200 °C FAT &S HHATEIEATR, FCC AT HIZKSE L12 #HE L, MR EEE R
R, 22 I H B8 g b o o) ]9 A B 1) A 42 E 700 °CAI 750 °C I 3347 A [ B[] U sy 25 AR B, & 81 700 °C
I FCC AHR B L12 GKBT HIAH, I BEE I R A B3, 4 Rk A RT3 K. I RO B S A
SRR TARTIM N TR, T RYEREAH L T EAS S SA T TS L12 YeRERIHE K, #iftk
JEE (RSB S PE AN SR PR ARG, Ttk BB PR P i B 38 K

D03-046
ETREAE-+HLAR 2 BRI+ B0t RE R 25 0% I R BT B 1 & 9T R BT BT 7L
SN L i NI 7 o S 7
AEERUE TR K

fEid % 60 AR A SR B LR BRI TR, R TAL G DO BE A I EHE (R
B SR MR —> B 2 PRk ] FEL e 4 A ) 5 A [ RS AR dt—> 2L RS I 3R A5 BAT A T A 45 F R 1R i 5
RGP —E R sONE P EE R R R — A & S B TE RRE DA R TBL. 125 1k, 8 iZ5vE Ak
FH|7 1000 LM EIEREE NG E (BEMUADKEE, FHRHAZI 20 1) o 1Ak, HAl
ARG T RE S I T I R BRI BUBE TR S S RHEOR D, R TR AR & e P A Y DR U
B 3T, BATRRE T —FhEE T R BRI LS 2% SRR TN+ O el ] 4% 0708 1 i B T P < DR
7%, 5 TR BRE T2 A SR R A R LR, RO E R A E &k R (ERED
MR (REASD « R EETR (Rl SR H . HANE T 2 REILTIR R AR i ol A 5%
GRTTEBA PR BT I ) S I P e B RE T o 122K AR M & e BRI HH VR o R R B IR Rk g
MRS A AR CRel R s AR S &) Seft 17 AuB ] A th T Bl

D03-047
Cu-Ta JRREEHLAHENL. REEERY BT AR
MEEaR>. EMS W REN. &G
PHAbA B Jm AT 5 b

HI TR SR EE A SRS, AN HIE S n R AR S SRR 2] 7T 2 8% il ok
ERPEARTE, AE Cu AN IR Z (AR B R B 2 0 AR RER S B R B . AHIE Feald Ak 13l o 2
(AIMD)BEURIT 7T T CusgoxTax (x = 10, 30, 50, 70 at.%)AF i & G AU GE ML « R E 1 UK A G5 AT N
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BEE Ta SEMIGIN, Cu-Ta M Ta-Ta AN FE T Cu-Ta MG EWMRIITHE. /£ Cu IEH+,
Ta Ji i TR 136 Cu J/ FRIFEMAEL, TS Ta A& Cu B WEia T-E s Ta Ji 51 1.
i RE IR AL RIBT TOABLAR R & S RAR B IEREE Ta SEINEINEFE TS . BLAh, ASCGERTT T
Cu-Ta &R T BT A, KU T Culis, Ta Ky BRI RALSS . FEM & SHAFEEERI4HH
T BERILAFE T Cu-Ta MEHERBEWARTL N E Ta AREZRITER. AWTFERTT LA B
Cu-Ta 4R AC AR = VA 5 < S 455 WL R BR A o

D03-048
B RIEBLBE PSR E RS SR BRG]
ERET BRI 2. et
1. E R B B bR 5T BT
2. e R

B AR R E AR i B E &R H o Bl PR P EE O IAE (EHLC) HAR | & fe 4t
T FETE RIS, E2 3] T E PR L) BRAR, KRS G R AR R R RO LI RN B A
RN e R, T ARZGURYR IR BT RG 4 i BAA E B3 o AR FLRR IR EHLC HoAR S & 1 Al i~
A& BN Fe-Mo-Cr-Y-C-B e A &RZE. BIIXRZEMHOR ST RAE, R T ERGm XA H
T RERE AT HRL MogoFenCi AT MpsCo BRI IR AR . PRI, 38 3% 0 3E & A & 5 v] A 30D iR 2 T
o WS, B T IRE IR /AT T EEVERE A TR EE . 25 SRR B, S hnak A & & 0] A PRI E % .
#1451 Fe-Mo-Cr-Y-C-B k4 2 1 BE 4545 240y 3.54-10° mm3-(N-m)™,  bb 45#NIEAAML — MR 2% . 12
2 B A A B R 8 57 B PR AR R A A S T . am kR E R e AT A, BT DR T R, JF
FERER I EYE . ARWTFN EHLC il & Bk IR 5 ik 2 1 R S0 T A B v s $e it 1 DA

D03-049
IR & & WA RSB T
Pk
HRHEE L T

AEdn e, AR R TE R S5 M AN 7 BB Sk BE O SO R 2 ST FE R . AR TR AR
TR A AR AR B S5 KT BRATLAR S AR RE I SAN, 388 3 AU Ty 3 g 2 Rt AN Sl 1 F) 4 4180
IMTTTE, RNV TR A S AE S IR AT AR S A . WEAAR L, FEARR A SRS L
WA, R R DU T A HE B AT NN & S AR E VR A KRBT A A R R, AT
BT AT IR VY TR HE S ™ A O BEIRG R, X ARG R AT OB = Ju RSy St AT IR, PR ARG
R REF R TR . BAh, B R TERRAY, BATRR TSR 5 T 1A S B A R
UMK AHFIEHR TR EM TR IR R a SRR, R TERGHFMET, @il
P R T A3 BE AT LUA ROt R AR & e R P RE e . BA TR AN AR B & e 10 4SS SR At 1738
FIBERRERY, OB RIT R B AR E VERERI AR S A SRR 7 MR T

D03-050
ek R <X} Fe23.7C023.8Ni23.8Cr23.7Mo5 £ £ o4& &M /1% 52 - bk RE B2 IH
AR BRYET. A
FEFFHE TR

FEMHARANK LB, — e s 22 0™ B S - R M R o H AT A G Jm v R ik R i
HE U U R ST 2 - etk R BRLE, TR B ARSI M a&. RAGEIRE
REM 2 T o0 a NI — G FR Ot TR TT SR AVHTCRAAFRE . AFNRKZEFRKTEZE, HRi5 T
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B AR [R] R/ IN B BAAF T 00 375 454 Fes 7C0,3.8Nlns sCras 7MOs Br4x o Mt AN [ b RS AR S 34T 1 MLk
PERE. TR BRI e fE . 253 T K4S AT 3.5 wt.% NaCl 3 1 25 b - J v 1 RE 0 Hr . BEE BT
JE AR KFE it iR RST B3GR, R PRI, K0, [FI7E 3.5 wt.9% NaCl & i i 6 ih ik
Fefle o, PRSI Z8 4.1 pm IR BEA R RLEE MR . BEERE, ZEmEA M Orht
TR, ERAN PRI R ER KRS AN ~1.4mg F1 ~2.6 mg. AHLLZ R, 316L ANEFNLEIX
PRI B R EURE ST 2, Al ~16.7 mg Al ~24.8 mg.

D03-051
IR A SREE T I RRBIAS) 1%
EEE
(i[NP

AE B AR RS 7 SR AR HAE AR N P R M . (5, d TSRO AL i i S B
KZES, ARG @RI KRB /2 R HU — BRPR o AR T8 R I ROR KT AR St
BT A B BERZE RN ARS & W, JERGHT TR T3 7124708 . W e R BRI R 1 130
Tz SR RTEOR, TR 55 A JRT (K51 ) 2 57 T B AR E TR R B v T SE I B o 3R] e R
REME BB AR, AR E kT B0 AR S BRI 3h 2T DS 5 B B AR R B RICE B 2 . AHIE FTiR
T PRAIEAR S & SR I SR IBAASH J12AAT Oy, IR B] TR TRE VT R RN, Bn, B A AR Sk
AR AR

D03-052
ARSI & KRGS SR MT NS RME 1T AR
FIEAR. M L. BRE. D%
alibNS

AT SRR A RR R Vit 1 ARG SR R A R, R AR . A SRR AN
BRI 4 T Vit LAERE &0 7 A HIE XN Vit 1 4E & & £:4E 0.05mol/L H,SO,4.0.1mol/L HCI #1 0.6mol/L
NaCl IV ) AL 22 R AT D, IRIE AT R LA S Dl 5 T PERE (R REmm . 45 SRR &I AL 2 bl s
IS TFIA EIE 28 1) 4% (1) Vit 1 AR S R Be S B AT N RE V). 15 HoSO, B s I -4, JEih
B G RARPERE R K, XBG TR 1 Fa e BUE AR AT E . 7E HCI A1 NaCl ¥ e Sk i 7= 2E
THER SIS, J1ErE RS ST IR, KANEEVICR . Hpa SRR Vit 1ERE48H
T BA BRI BU BhEE 7 R ) M RE I B AR FE fe /N o RIS P R v, B i 3R T R R A R &R,
BER 12 R SR A SN R LG 06, Sl s, MRS & IR S & SRS NI IA T4
FE R, SEG YRR T RN .

D03-053
AF DSC f8 5N RRTE 5 EFR AR B
T
AR K

ZERTARERNE (DSC) SR BT EE T Bl —. i AN F SIS T e ) DSC 34k ih 2k,
WATBLES AR S & 3l ARG 2. ARG/ T DSC ihZ& R ENE (BUEE) AR
JEfn G IR RRIE . MOCIESE, HFAH T DSC iR AR YR ERAT AN B 2 . £ DSC
IR T, R LUK A & el e 0 (IR BE A5 00N, - Jead S AR AN 4 RAS 31 1 RUF IORIE . IX
Fob 5 325t T DA B BATT 2R PRSI AR AR . XURH A i & < (K 5t B3 R [ B AR AL
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D03-054
Cu EAp & &R AR LR
SN N EE N
PN

& BT RMNF B ARATE N, (HER) MALFIFIEL, 4R1M, 4 Cu BIEMAEE&LTKELF M
TR, AT RASRA /NG AR 5 A B E B (AGH) o FET b, FRAT BRI SHEH % T — &2 504E
mmas Cu-X (X=W, Ti, V, Cr, Zr, Nb, Mo, Ta) &4 T HM/KITE M. 455K Cu-W Fl Cu-Mo 4 &
G S Mg SRE MR HER A RL. iy Cub0WS0 B i] 3R15 i FE 254 HER fEALERE,
£ 1M KOH ', 7 10 mA cm-2 [ EE N BEAA 65 mV. %7 B TH R, Saififnag
AL, B CusOWS0 &4 AGH #ai T%. t4h, JEHEZE Cus0W50 &4 7E 100 mA cm-2 HLji
WL N Ol RRE AL HER V. 200 /NI TT A B R IR 3 B . XA 5 42 )8 Cu TG AL 42 @ WA
JEMAS CulWl A&7 T ZZ R, RIEAESE Culwl 7R3 KBE M I KA %, H AGH
B 1%, #nTAERES Cu-W AE&IA IS HER MEALIEMEIIRE . 25 EFTIA, Za Rl a] AE N s 2L
e T & Jm R KT AT, FEoAMS e A TR RAER G St 7R R .

D03-055
HETHHLIN RSB
GerE L
i AE R

A T 2 M R ECR AR B R, RERI R = AR e . BUA R a et
FUUAE el 2 A P AR R AL, REBLBA IL PERE A s & B AR A T Ol T REL LS. ALY T —
P B2 ST RINLAS A 2T SENE, RERS AL T AR H M A BIedE sl A8 ) L9 Jo PR AR R 70 2 8] mhon e vt 5 AL DL <2 PR e
e WATHRITERL A2 2] HE EEZ L . O NSRRI SS S TR BN AA AR . 7R 80 i F
FIRER TR 17 Mo & ST I TACRAL S, A THE 1 PR B A AR AR E VR s R L & <, e
£ 300 JF/RSTI (AR R AL 2 x 10-6/K o FATAE 2 THLE 22 > (077 302 R PUd A BLRAT it
TR EEL P RE D vt 0 5 < R 1 iR A

D03-056
BCC/B2 Riffi & & B4 -Dh Rt — b it
EiE*
KRBT TR

A TAEF B R 7 XOTRAE ALLTMOE S 2R ) A AIFETM(ETEE G @) i & b it 7 R51E
7, 3RFF T BCCIB2 AR, FFWHTT T AR TR SN & & =Pk Re iz . LR IR AU e
RS AR E L. 45 G MBI AR R, s HAUESANRE M R &R . Sl
HEIE, EMRIAIERERFERN, &R RAMRRKMIIRerE, WHHERE. @A, mRUENE. iR
PERESE. ik, IR, WS AR H SRR, M SEElE ek Rt S TRtk R R 2 A
PERE A R 4%

D03-057
FCC/BCC XUt Fiffi & &R RHRZTUALH--- iR R 5 R S KA AR R R A
SN
e N S BN
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F A4 (HEAS) DUHMURE 1Y) J5 -1 55 M REAE FIA 53 1R 70 2 14 BR S Al 4 R 4 J A R s 1 #4 el
{H R ZHCR A HEAS 54 T G A7 7E B B 5B G R, BA BCC (8L HCP) 45#f¥ HEAS @ # R I
R AR, TR FCC 4541 HEAs MIZRILH s B AR, i#i4 FCC+BCC (HCP) XUAH
Sk R A e R R iR- R E N — M ROR R . AT R (VEC) ik, Rkt
HARFR > BT ) FCC+BCC FXUFH i & 45 AICOCrFeTi0.5Ni2.5, Z&&E IR N R H BRI snEtE
HeRE, JEARFREE L 1.41 GPa, MEPERIASIA 31.8%, Wk IWTRIHIVEL 64.3 MPa-m'?. FEAT/Erd, FRATE &
WFIT 1 31X — XU B & & R i e RE AR FE ML . #1i(500°C -800°C) B4 sk R B, iZXUMH & & 1A
IR ERE, 7E 600°C R, JiE ARGR BT 1000MPa, F- {4 stk it hn THEfk#E /. BIf#7E 700°C F,
JiE R 5 P ARFFFE 900MPa LA I, BT Ni FE i a4 (W IN 718) FIER MK S i & 4 sl f1 - R R
TEERI TR, X — XU S A SR 5 i M BRI T FCCAH H ] 1 25 5 4K 28 il BCC AR R AR
I [ AR I L FIVE F o 1 FCC R A7 TE 1B SR Sk A 27 A P W 175 5 A 8 2 e A2 WOR el AR T A8 T B 5%
o X — TAE NI R MR R IR LR RE I OO = & At T S5 A Tt 1R S

253k

R. Guo, L. Liu, et al, Achieving prominent high-temperature mechanical properties in a dual-phase
high-entropy alloy: A synergy of deformation-induced twinning and martensite transformation. Acta Mater
264(2024)119591

D03-058
MLICHE Nd FIFR X Mg100-xNdx & &3k R RS R IR
TRV RAGE 2. MR L RINETE HEOUBLC, Hm e MRS, EEAL wE
1. BRI
2. BIMKF
3. 4B e
4. Kb

5. WG K

ASCEIE 5y T3 FI AT AT T AL 53 FEE MQaoo. Ny £ 71 DRI EE [ A oA AR RS2 o SR 6
OB B B RARHER] 7575 (LaSCA) I LA G S B DL K38 T3 A%, 457k 7 Nd 78 B RARAZ I = 2%
o, SRR, RINEHERIRE (TCP) Z5M7ERS R xd VoW Iy th /R I R T — Wik gk, MImEA
PR HRITAS S RE . B Nd JEL & RSN, RGN BORIHAR IR (T InE) 700 K A4 )5, HEA
REFREE . FLE x>70 I, RGERA ML, XA EDY Nd B 7& AN fedt 7 TCP MMM, H 2 x=25
kR [FR, Nd JE7& BRI R NEh A AW, IWIAERF Ty fE— MR EE, [
et 7 RStk Bk, mTEamsh i mdEER, RN BIEREEITE x=25 AbikFIg(E .
RS BN TR M L IC R IS & SRS M O LR Bt 7 A B WA, T R AR e i bR
MR R A EEE .

D03-059
kYR Zr BEREESE MR BEE FREH &5 1R A
ZEgE DKL TP L MR EHs T
1. HErp RO SRR 5 TR B
2. IBHEREM BB

3G sRAE A S E A MR A S B B8R, R AR E A SIS S
T FSAEM R . ARG LS B T esE (SPS) L2l & T BUR AL . B aRAH /A 35 50
etk v 5e AR AL By s A BRI 5 AR 5 e 2 A 4K (Wp/BMGCs) « RETHIBTTT T %

21



T ERDRER 2 2024 BEEE — Jm th SRR 2 DO3. i 5 i 15

T2, HESmAR AR BORE SRR AR RO W S A RHERS S ) 22V RE . 3ha 0 SV REAIRAN) 28 FR P E AN
. FFAEE AR TEMILE T T Wp/BMGCs A5 T2 H A SV AR IR . BUE LR, s BIfeml
BRI R AT . TR IAE Zr55CuB0AIL0NIS FeAK s IS —AHFSURL IS , W 2dnm B2 A VR4S 31 & 2%
fer. BEAE Wp AR BUE N, Wp/BMGCs B A B i R R AZ o T3 s Al AR 70 B I IS 0 T B
H Wp RLAR R, SE5RAH 5 AR SRR R S 22 o DRt /N RO R0 S A BT S AP R RA SO . Bk Bl
TR E FEHETE Gy, (ARG E A AR E B 5 S A0 0 B BAT E R

D03-060
SRBHR T HREM B EEN A ORNRESH
AEgE REE. FFil
PUAL AL R T2 5 E AR ST B

AR T B I A BAURARRAISS T <5 B b I 7 AR S RetE, IFSIN T —F B IE R
ORMRESH X SHAMUBEN — E R S 7 BRI R, 38 5 J55 1 R B 45 K i 45 AR 5k
PRI 7R PIEA R R SR SR AL SR T A R AL TR . B4k, S HUhis A B T X AR
A PRANIAR AR SR T IR 5o AEBTDIARPIE, JRT BRSO A A R, BRATTUL S BIRX LS A1 ) ot
RINKE A5 R HAD R 7 E B 2R . Pl Besaei iire o trrik, AT LSRR &
RREAE A, LR T IOBOE ey, R IR T B MEROS . XS R DUATR N & SR B E 2% N =
FRAE R FRAL TR, FE TR AP RRE APE RE AR A S 4R 5

D03-061
Strong and ductile high-entropy materials with excellent multifunctionality
Zhiming Li*
Central South University

Multicomponent high- and medium-entropy alloys (HEAs & MEASs) composed of multiple principal
elements have attracted great interest owing to their considerable potentials for achieving unprecedented
properties in their practically infinite compositional space. Apart from exceptional mechanical properties such as
high strength and good ductility, it has been shown that excellent magnetic, electrical and thermal properties can
also be involved in HEAs & MEASs via compositional and microstructural design. In this talk, we will present the
unique combinations of multiple functions and even mutually exclusive properties that we have successfully
achieved in recently developed multicomponent HEAs/MEAs. The multiple functions include high strength, good
ductility, electrical resistivity, soft magnetism, low thermal expansion (Invar), resistance to corrosion and
hydrogen embrittlement. The associated design strategies will be clarified and some potential directions for
further developing multifunctional HEAs/MEAs will also be briefly discussed.

D03-062
B2 MI#5& NiCoCr 2R R 4544 Pl & &R BRI SR IERUTA
SRR SRR HRTOR 2
1. PHEATH R
2. FUEE TR

In this work, we designed heterogeneous NiCoCr-based duplex medium-entropy alloy (MEA) comprising the
face-centered-cubic (FCC) matrix and the B2 phase towards outstanding cryogenically mechanical responses. The
mechanical properties of this MEA are strongly temperature-dependent, i.e., when temperatures decrease from
298 down to 77 K, the yield strength, ultimate strength and tensile ductility are increased from ~1.1 GPa, 1.4 GPa
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and 20% to ~1.5 GPa, 1.8 GPa and 25%, respectively. In the studied temperature-range, the plasticity
mechanisms, involving the cooperation of planar slip, stacking fault and twinning, are temperature-independent
for this MEA, whereas the low temperature (or high stress) promotes stacking fault and twinning at initial plastic
deformation  assisted by the significant B2-driven hardening. Multi-strengthening mechanisms coupled with the
superior strain hardening capability render this alloy excellent strength-ductility synergy, especially for the 77 K
stretched MEA involving temperature-dependent B2 cracking behavior. This unique B2  cracking behavior was
uncovered for the first time in multi-component alloys, rationalized in terms of the competition between the
intensity of the stress field ahead of the B2-crack tip and the crack-arresting capabilities of the FCC matrix at
different temperatures.

D03-063
I Nb XF Zr-Cu-Al-Ni-Ag k& 4T A6 J7 5 8 bl BE 1 B2 0
BEG. WA KSR, L. DEER
ATy NE /g S i W i

0 Tt A5 FH 4 s D TR B AL B 11 [R] IR PR UE TR df & S K TH B 5 4085 8 A B FE &b A S AR R
PERE. ACLL Zr57Cu20AI10NIBAQS FF fit & & ik RAVE N SN B, SR IGAREE AN AEEE A JEORE . T4
B T AEAE AL 2% 5T n] BEXT AR 2R KBS T B 7 DA R B b A P sl o DA A B D ORI R At A Dk
2 70 & Nb [ ok o 3% H 33 % BB 0 A B koM BB o X DL 4R B N R ORE
(Zr57Cu20Al10Ni8Ag5)100-xNbx(X=0. 1. 2. 3)FI4lif: A ALK Zr57Cu20AIL0NI8AgS Jiid X £ il
IRAIFE 3.5%NaCl R H I AT AT 7L . S5 R R M. Ig4REs I E Nb ISR T i1k &R 1S
TEREE ST . 76 NaCl ¥, (ERININ Nb B, ZiBs iR anebAH EL, SR IRESR BE o SRR it JE3 b 1k A . 24
FEUFLRES AN Nb I, BEE Nb 25900, AORHI B 4 & 78 X=3 I, Tif Ji T g b 4l 10 50 4

D03-064
O3 IR BEXT S A 3 TR i 5 & 3h AT IR e
RIEAR* X
JEREL TR

W VRS o R M A T SR B IN, CE RO A RS H SRS R . i B < (HEAS) H - 5l
(O PERET A — R 8 I ARl R HEAs R T SRV 724 kg, (B AR 2% 1R 1 38 44 1
&M HEAs [IHL 22 RERON S K BT ST AN 78 20 BRIE, ARSCWTFT 1 3B O L il (SLM) 1 4 1)
CoCrFeMnNi HEAs £ i W A8 A RN R T HIAERF SIS stk e . @I MEs KRR IL, S i
Bl B B0 327 (FCOM AR AR SR 85, FEARL S, BT SLM bR hit I iy s v A 2, LRI T
RERLAEMI 5 o 3GAF 136G o ot A2 A HE RS S BB IR A T i 12 rh R B L WY SR R S AR T R AR . 5
LRSI EPEREAN L, MM IIE HEA FESDA AT RIS sh A e IR E, SN e 2 R AR AL AT
AN I HAEARIRZN A NI R I R . BEAE MRS AN, SR thiE HEAS ) Akom 2 W 2 i T
WA Ge, HUYEIETT R (BD)FE i 98 EEARAL ELAT 77 17 (SD)FE i E N 25 o S LA 9 PR I AN AT
S 5 TR PR b B [ RS, A S AL IO 22 57 DA S AR TR AR (KR E o I R, i S AR UG B 7
AR AR ALy 3, THRIR N A2 AR AL T, AR T 5w BARAEAE R AN . X HEAS 728K i
AT AIEHLRIEAT TIRAWETT, A B THESI HEAs FEARKRKIN .

D03-065
WEALE IR Zr-Cu-Ni-Al-Nb k8 & & R EE 1 KPR RER W
JEF. MEM KGR BERE. D%
He L KA RRL 2 TR B
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AR CE I 3 (Zr56Ni20A115Cu5ND4)100-xYx (X=0, 0.2, 0.4, 0.6, 0.8 at.%) ¥RINFG+tE& Y #4171
SRS TR, 8B SR R KA E A ST, TR T IR T RBERIE ee 1R A S
15 F i A B R 2 s 1 4 BN [R) AR IR R A & 42, FFFAT 15200, U THIRLIE 3245 HH AN (] ()RR ALE iR 2
DA Rl —FHEE R A Y & BTSRRI . 8 FE 4R 5] 4% BMG 5 @i 4 1) BMG i
ATPEREXS L, SEEGR I Y & AN 0.2%00 FH di i 8 R ifg 4 ) 45 1Y) BMG HJE &b GRE T84, il % 12mm
JESRARAE ;s L A — TR N IR IE TR L 2 BUR R AR s 1 M REREE Y I, P& R
PR . ACEAEFHRE —FMEA Zr I ER Gk R, HAEARRMER. TS GFA, i
— B IRA, I RIS AR T2 SE PR H o

D03-066
Zr YA S REIBEELIEER RS T X Si3N4 BB EITA
WA TR
B K2 e RS I ok e Ty RE A LB 7 B

Pk & B (BMG) TR P IR T 4551 T HF TSN RO NS, JBE 2 AT AR AN 4
SRIMT, BMG [BEHE AT NBR TECGARL, 6T Zr 5 BMG W Hl & i BESAT AT AT G #5835 . A
IR EhRLE, EHZANESE SR 112N KRR I 1-12Hz RS, Wi T FERE e fE
5mm, 9T T Zrep1aCUz 31Alg 7F€4 8Ags BMG XL SisNg [ BEIEAT N SR BN, FEEAT NS . &
SR BEYIMI . AR, BEEE RN, BEERE (COP) 2 L%, ik £k in COF
BRREA . [FIR, B R R T R ey ARG N T R, A AR (B B R e A ) BB S . 3t
— X BRI B AR S R LA A R IR AEIE ST 25 (1 B A0 AT L] i B 5 5 i s s s 43 R 4 A 5 453 11
. Ak, BEEREICREIN, BB RS B IR A

D03-067
Mn %§ FeCoNiBMn Bk fh & 45 AT A MBI RE IR T
ESOLSNN
REERF

FeCoNi &l & &N K RIF M % fae . S8 MR M Re i 4 2 % . Witk T
FeCoNiBMn =il i &4 (HEAAS), BEFL T Mn X HEERAT N BETERERN )2 1% BE 52 . FeCoNiBMn
HEAAS {145 547 A 8:1) Mn12-16 (Qa < 0.555): am — am’ + M,3Bg — M33Bg + fcc; 2) Mn18-20 (0.555 < Qa <
0.606): am — am’ + bcc + My3Bg — bec + MyzBg — fee + My3Be; and 3) Mn22 (Qa > 0.606): am — am’ + bec
— bee + Mp3sBg — fee + MpsBgo & X T —MHIHIZ L Qa FH AT W 4R 45 fiAH . FeCoNiBMn HEAAs 7E4k
B TC R BAR A L N A B AR AL B . BT v K5 H) FeCoNiBMn HEAAs #rmil 1 #RAE,
INTF 15 AIm. BMELESE A4 G, Mnld A& REIHET 4 Alm AR AT

D03-068
SiC ZKBRL A% AITiIVNDNI B A SO 4H 2R 55 44 F0 B2 15 3R BE R 22 M RE I RS W
FARA I, MAR. 296, BN, EMen. i
(i |y =

MENE R A e B A IR iR A M RE R AR B, AR G A R T RN TS ARHIE AT
B ERZ I 51\ B A BUR R i — PR A il & e R PERE . RIS 2 TR a5kl & 17—
U AlogTIVNDNIo 2(SiC)oo MEME Rl & AR A KL, RGHIHT AT IR 7B SIC YRR I = 44
BHOWOR GRS . s R iR B A VR R O 22 7 . G5 RAR W], fEReZEd e, SiC ik 53L& &
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KAERLREL, M TIC A1 NbsSig #l, &St 1 1A ERE . (A, 7ERCTERIIREVER (=% 800°C)
W, AlogTiVNDNIgo(SiC)o, H & MBI BEEFEL T AlogTiIVNDNIo, & # 4. —J7 M2t T R A
SEAHRIE B i 1 e eRe, e Tt k. 53 —J7m, B AR MR B e 1A e T R B BE
R IENEANBUE L, TR 25 AR T

D03-069
w R L R A OB AL B 5 R A TR
TIPS

JH HE K22 [Tsinghua unversity

FERRMERB R, RS S — AR . H 1967 4, A& HHLG S A EHE Duwez (11525
R, EASMAL 50 RE, THEN LA A = FIRITF A6 E AR 1AL 40 RAF . (H 5SmSR EA
[, AR S e R THER R TR TP S MAE, I BRI SR B . A 3w Frmlu k.
BRAUREF R B e RE, B R A 2 2R TAEE M TAEHOR N R m R M E, FHRPUE AT A
Feds NS BN o BB S AR R IAR 4% . SRR RS U B TS AEH ) HT lIREE A
AR . AR A SRRl TR SRRk, I T = RE R R R
SR HBBL Rl S = AR RUOE R, 45 AR SRR AR TS R R TR EOR . Bl
oK o 2B A IHT 7] B8 —AXNE B i P RE R B B WA 23 A0 I SBR - DA A AN 3R T A P RE LR
MR T R AR LSRR LS SRR RIRE. WHRahds, AR & S R R R &%,
VINZEE | SRR A etk S S G RN R VA INAAEi 58

D03-070
BT 2RSS RIR R ¥ 1 I3k 0 R S P ge 0 i T 9
&
B ROR

PRI L BB T AR I REVERE, FEREVRIE . TR AR EE S 2 AN R B B
FAMME . SR, ARG BETE I iR T RERT RS SE 06, R IREVL R SR . B ) 5 BB T i e g TR &2
FRUET I BRAR . XX — A, BATR T — AN 2R A IR SR (MTWAE), R Wasserstein
E Zh 2w At s (WAE) I A1 ¥t m M AR L & B 3 . MTWAE MY IR &l SHEREZ ML R,
EEL T 2 BETINAT S5 - MTWAE #7) BUE2 A 1) BLAT A R S B (Bs> L5 T) B B & SR B 3 45 31 1
SEIGHIIGIE . FEER S, MTWAE BAA R ERPE, Al LLE R TR A A B T S R K
IR RN . FIH 241552 ST HESE , MTWAE B8L7E 2 H AR TR 7 TH R I H A0 55 i dERf v . (RItk, MTWAE
B e BB LA R R RE AL SR B AIRHR U AN = B B B A T T R 4 SR B B, AR IR & R
(FF R ANPERE LA SR A 1B (390 1) vt SRS

D03-071
BEF P N AR IR B BT 738
HAR. RUNE. EFom*
Hh ERE A B T B BHOR 5 T RERE T

BEEM BN EE . AR Hh s, R TREN 2 RIS AL RL, (HEAEME A o 5 18
JS2Jakat, FEMAYERE S A dr . PRIEER TN Johe st RE o0 I K SRR Y A iy AR R L. BRI RE S
REEIRES R HRHE, BTka i 5 IR KA REARL, 90 K M s RE R IR A BRIE A 2 P i s I I R
Kovacs ##% T~ 1963 S i IXULIR KI5k, i 51 &k “IFF"RN (Kovacs L1224 » JRIL T HTE/Li
A ATAR BAERR UL INEGE 1 BE 51 A AL R AL RN, AT S 38 (R kA St P RE -
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BAVEZ MBI R T Kovacs SR AJICIZ RN, 12 ORI AN et AR AT A RO XU i 48 o e B
AR BRI RSt . FERL ARSI RE Y, AR AR DR BRER BRSO SRR TIE, T2
FHE AR 452 315 5 b e) ELBOE BRI, B an TR0 R S AR B L TRUBE R i E N (A%
AR TN VA Y=a i B GBI N E e A 1) R VACTPA 2 DG E2 BV R S N A RTo vy ATk /e T b/ e H
i B R AR LA Sk NI G, AT DA 2 SRR N ) SR T B S R

D03-072
e A SRR R RIE S SRR 5T
Gt EEL mE . ERRA BEESL FEmR
1. HE B T MR AR S TR TR
2. K

SRPERPEHE TREIS K. B T DR R S SR U 2 A o S B RS SRR A L 5 1
SMBNAFAEVERE, 32 BRI K 5 N AL A PR BRI B JE 4R - A8 R R S MRS L . 138
TEAEMME A A fr, o8 R B R B ARRE . R E el TH =P aR I & T 2 B R
SRPERRIR, T 2%k L, BAFRIESHIETERE . TAPEHZh AR RE LR e, T E hbrRi4s
PRI A RS R E o SRR PERRPR AW TEAR L, AR S IRARFETI IR 5k = 3 B M RAE T B S BRI AT 7, X PR
AR S A S A AR BT R SR o BRI — SCBERL A R, FRATTRE A TR Bl A AR
RBRE, WE MRS G5 UM WS & S NIRSIHUE, ERERAL 7 AFd & I M PTIFErEge
i 5ot B 1AM, UESEAR f e SR BHE A SR A IEUMEZMEASG, HIBUEIR T ARG & ER T
FIBIRAT N WK SRR SR, AL SR MR A R, TS5 EARER B
B, S VAR S S S AT VR R M RIS . IR IUNTT R ARG & S TR RETTRE 1

— BT,

D03-073
EREEBEHEHN TEFETHERFR
XA 2EEL AR FEfEE Y
1. FHsIRT RS
2. MRE TR

XPRH4 JE 3 (Bulk metallic glass, BMG) (174811 A% i 25 44 - e SC IR FRTR N R AR A R - 28 1
BMG 7T K. (HHT BMG ARSI S AR TE ML BA A R A2 iR B . X — KRBk, — RS
WO TEHe g, W E B BIUIHARIX . R AR AN It. SR, RO AR T B R R E S
TREE LR AN R [FI X AT RE BT VDA . GRS AR S5 A W45 440 5 5~ 435 [ 22 EL AL -t A B
o Rk, FIH R FED RS M F B 7 T BMGs FI{EAFISHE FIIAAT . MRERH, A8
% BMG (Canning-compressed BMG, CC-BMG) 54525 dv A bt B A7 B 47 1z fvf 258 AR 5 vy %) e PR
FEF LR R B AN A AIFA B S5 18 450 . CC-BMG FEAEM MBI LI B, T ARSI
—Mr B, SEAEMHTUER T CC-BMG MRS R ik i v i 3 S R i 3 =2 op R A e BB X 2 AT (1 S 4L
Hilo B RAEUN TR T Pd-Si BMG 7EMRIEAI IR FARAT A ZER . LI 45 R PMRIRIA AT Ll
HIHVEE AR AZAT A SR AT HUR BE R IRIER A B S R R AR A5 . SRR, 5=k
BIEREMAE, ARIRARTERE & 1 PR T 85000 7 FEAE SR B ER T, 0 B AR B e O T R, IR
T B AL AL AR N IR A A BIIH . BUGHEAE T Pd-Si BMG J53F IR B AR s Ak () 45 MR IR, R B AR o
AR BTN G N B SEINTG Fe HAA BCHERR R SR U7 4, AR A R A e A e R e 5 i ) T B30
B, RO E 722 (10 45 K Xof O A Wi R ¥ 2, 30— 20 U B v R e 5 A ] 62 8 3 MM T A 45 A B
FRBFIEAR T BMGs TEAN A 26 1F R AR S 7 RS 340 50 45 R PR S5 AR AT LA DA B 5 R FE 68 A0 PO B S BB, O
NELE BMGs BV S5 MR S LB 1R 3R
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D03-074
FEREEREFRERARI TR
B FLx B, AR R, VR A
o [ 2 (] 3R BIE 8 e B 2 AR A [l R S 06

T [ L % T FL G D RE AR L 75 3R SEBB S () IABE T ARIOAE iR & Jm M R R  HliE R A2 K4
WHARR G S AREHIEEAM R, BRI TR 22T, B 7 AR e s . K
BL Y B AR A e R R e O IR IR T B BRI S5 S AR e RIE AR | m e B AR
SRR TG T A S B HIE T Z, R SEELZ M Ih RE R I s ARG , AR SCHE 78 B R R FE 50T
PIINLERSE R R

D03-075
Wt AR BN E RN SR E A TR REMTRE4
KRN, BT, FRER L A8 BUK S (AH.W.Ngan) 2
1. MRIRIE TR 2
2. TR

RIS CAMD BRSO — Rl A R OB RIS H R, vl B E 45 B gt A — 1k
WL g 3. B AT, —Sfi s E eI (L-DED) AM il i 20K 57 53 4544 = i & 4 1)
TR, AT DU B o IR 2 2 & SR PE o B . SR, R )2 < TR R T LA T 1 AR BL 2 5 2k
B, SEOREREER, ERMEEMK. A, RS, AN ATt R A A RIRR RS, XTI RE
SR — St B AL S, TR B A YERe . 7 — 7 T, S5SNI ESEMEAELL,
AM i3 (1) 4 JE AL A B TR AE R AR AR ROW 2854, 388 AT T 22 1D ol A F v . TR A R A X
BF S R85 1) S, CRRT AR AR 43 B8O R 25 Il 8o FH T M e % I AR e AL 1 (v Ll 45 i 55D
HARRBIAE, NiES T X AM TR A, R, $RBIEER AM L2 LIRS B AT i o - 4 Ji
PEVFVE FH S @A, & — A E B H B Bk 1 e

AT AR BATER T —ME B RKIFEAEAR: () CoCrNi &4 (MEA) Fl Gi) @™
TR Ti ATAL LU AR MEA (Hi42 23 N (CoCrNi)8BAITTI7, T fai#k AI7Ti7) , K L-DED %t
P AR AE B AT UOR, B 5 AR A AR AT AR TR AR VL R RO 3R, P SRAS (1) A6 A4 UL L i AR S e
()52 2 i IR OB R 70 55 B R 1GPa, ZE F PRSI 50%) o f FH 56 15 3fe LA SiE JE M M ARRAE, X L-DED
H R FR LR IE B Fo At b 0 G R I SR R R B - A TR A P RIE . DS LB RE IR DG EE 2 L-DED
IR T R (HS) B R, 25 IR 4584 e #)1% CoCrNi MEA FRE >4 A 4@ Mk 54040 (L1,)
A — & &L G HBZIR R RGN, XA BT R J2 0 2 ek FE S o 254, BAA IX RS 1)
MEA BEog B ¥, (ERFEERE, BT AITTI7 ER S SRR, TR Sekh B S 7 i = R 451, HAUR
PERRTE S 2 FIZM N, (AT RE s |2 2 A0 e Az /N BB M AR ST, DRI RGO 2 L e R AR AE 5
A . BT RIS, HABHEZS HS MEA [ 5 8 rT A R TS s il Diie siA . A0 A B4R A DL &
NS EH (SP) M8 B EAER, X EXRNT R BTN T, H 5800 & N AR R TR 5
ECFRAARE J7, X AN E45 LB = 4 e M B R 3%, 1 AITTI7 JZ AT 75 S5 RSN ), 2T 5L
T HS MEA I H B = R g

D03-076
CoCrFeMnNi R & & Bk i IS - 45 AT NIRRT T
PRZR RIBEIE RS PR, . Bk FkiR
AR
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ASCWFFE TR KIEE (700 °C. 800 °C) FIFHFEZ (0.17 °C/s FMEFHEIEA (LR) . 500 °C/s [+
STHEHEZR (MR) F14000 °C/s HIETHEER (HR))X 4 JE T CoCrFeMnNi =i & 4 (HEA) 45 54T NI
SO o 8 Tk O 5 R4 FR L AR 6 24 (GNDs) Vs A6 20 AT 19 B 1 Fe bk i A B (EPT) 5 5 1IN - 485 R AT L
il SRR, BEEIRKFHEEZR PG, F4h 6 X I GNDs 2 BEAER RSN . £ 700 °CHY, - ifi
FHIRKTHRIEZ P30, PSSR STA 6.1 pm Jl/NE 2.2 um. 7E 800 °CHF, HR AR H B 5
MRS ST b, PSR R SEAI S A LR 1 12.5 pm 388 E] HR 1 4.7 pm. EPT @it PR 45 A%
P RIEm A mIEAZE . 700 °CIR K5, MR FE & B IRGRE (772 MPa) FIlZ{HK % (0.30) 5 LR #H
Eb o 32 v 7 ~31% M1~25%. X0 LAE AEE EPT ERMR A ELHI & T IER 4 ST v — 2 e
CoCrFeMnNi HEA ] &k 4 AL FE FE SR AL 7 55 221 LA

D03-077
FCC GHmifii & &IBIEMBLAT A
fE R M. MR WS
TSI TR

FCC &5t i &R 7 W B AF 1448 FCC & MIZhAm N AHE, MBRGIINT -

(1) AFETAL4E FCC FE & i N ASZAEUR, FCC B4 i & i AN UGR B BN 1835 N AR
ORI, AR AR AR A BOIRAZ IO N e 57 A2 0 th B o 3K T 5 T A o < 0 A W A A
VISR, —J7, mia e R s Iy B T ek ek e A e A T ORI N 8, RAE LN T
VLA, LR A RN, RBL BT A F OGN 5 — T, AR AR AR R I 7 4 A
Y B G < ST A A R b PR, ey bR 5 B A A R AR B R I G 1 IR B A
.

(2) AR THLgim & B3 L12 HrithH FCC & fmpt kAame /), MFSHK FCC mia &, &
Bt T o RAGHIRE ST, T RIRHEIREE T FCC itk A s N AR R s AL AT IN TREALRE /) o 17 eh 2 1T 78 42K
AARIERL AU E0, RIBEE SNSRI, md B R IR e ey, A=) i
SURIN B, BT UI KA . XA . BRI A R0V B AT A AR RT L (R BE B 5 S R 45 R S5 i
LR ek o

FHRWEFEIRAL T XF FCC S5 i & i sh A BRI AT K R BB R, DR et Aniflig B 5w sh &
T ERERT R & eIt TR =

D03-078
2 AARd S R AR BT R fd RE LA

BERR SN = S22

b Tl K5

BB 5 R A RHE AR 2 U ORI R AR H RS O N IR B, I SESRAR S RAE D) REAL B U7 T2
BKBORR . RSN T BIBNE 2 ALAR AT S AT R Ui Tt R, o TSGR e & e St
FERR RS 7, BAR I NSO . AR XURAR R & el E ehl & 7 2IER G &M%, BRI
R A 2 AL ARG VR B RS AF 0 R AF M BIRAK, 12 M AR PR R AR v (R e B o iy
Mgt se k. HE— DIl 5 — VR R B AL 82 ST B, b TAPRER TSRO R AR L,
BOH S B AR BE S5 . FIRTR TRE SRS, 0o & i 1 B AR RS IO A S LR Rt R Bk
RIS IOBE T, AR E RS 1 it O B SE A AR e Ik o IR AR SRS — 2B T B R
IR BT, RIS AR 4 B a5 A e MERIIE A RS e 1 . DR SRSON B8 2 AT R E5 k) i R I 2%

D03-079
FotEAE R A S WARKRHME R KT AR R R
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P, ZRNE. DEK. KW, W, deH. VEE. EEHE. A
o R TP 5 TR e

FERRAR A i — M AR ARL, M T R A BORHERE, A T AR A S R A R
TR RO BIERIEIIER X BORKIHA RE IR NG SR . SR, AT SRR+
AR & SRS BRI R RE A ST R BE ORI (5 T) T 3keS, NEMRIS T 2T,
IKHEAR AT SR i KW ), & e REFATERE RIE B . $-TH RS AR 5 Sl AR RE 2128 & S N T HEE0S
U R 5 AR DR () OB 1) e AR B e AR, AR IR R & S AERE R A R . AR
AT A AR K A EE TmCuAl A df 4, 2 R IR 1B K TR RAE S, & G 21 S B A2 2 2 35
Th Ja PRAREE S, & SR AR IS B iR RIRTT 23%, (E WA - HE TR S 5 <ty SIS AL AT SR & S PR BE
AR BAA A g L S W o il 26 A L-Al RS S <6, AR KSR AR b AR . 2R A
MRS — B, &SR AERE S BT RIS T 5 PR &S, R KRR A A S5
v - ST ER AR A AR AN [0 A B i 25 BT B E L, T R i & AR A2

D03-080
TiAl ZE4AFHR Ti-Zr-Cu-Ni(-Nb) RIE /4K REFEA B
AR . ERASS. AFIR. 25, ikl
TRt AR K

TiAl F2 G SRR ) B B2 TR rml S5 A A RE, SEIL TIAL -5 4 10 my at FE AT AR B 0t T HESh L sk
PR EAT B o APRLE TR R MERE M E N R, B G S1E RN — 0 BT A RN I B A
BTSSRI A) . MIRALE S 2 N . AFEFUER N TIAL B2 & &R EER:, Bibls 7oA
Ti-Zr-Cu-Ni(-Nb) RAEf/A0K S EFRE,  FH ARSI B ETE TiAl 2 G S HER S /R ) 2 e Re kAT
TWIT. S5REY, BEE Nb BT, Ti-Zr-Cu-Ni(-Nb) & &4 AR RS 11 R %, BRI RS
FEik 40pm. BA IR SR R/GK G SR R S W AT RN . SR ER BT Y Ti-Zr-Cu-Ni(-Nb) REFEHE
1223K/30min LZZ4 FEFIRAR I TIAl A &4k 3 B H a2-TisAl + (Ti, Zr)y(Cu, Ni)EAAFIEF 48 047
BRI AR . BEEEPEN R ND S &R, sk T hAH B BRI a2-TisAl + o-Ti AL
FRES A B2 + O-Ti AINb, - [F]B i P& J& (R AL &4 (T, Zr)o(Cu, Ni)FI & EFAK, kI R0 87 V)5
RERE, W1A~236MPa. FRZERKY], @i mAER/AUKBEP R Nb S &, R A RGE TIA
BB S AR AR ) VR AR TAERIBE AR R RSB S N SR B TiAl & 4 1 s AT AR
BRI TR R

D03-081
Performance strengthening and integrated forming for refractory high entropy alloy based on laser
additive manufacturing
Jianglong Cai,Hang Zhang*
Xi'an Jiaotong university

The high melting point and brittleness of NbMoTa based refractory high entropy alloy result in very high
forming difficulty. Innovative solutions are provided for high-throughput development materials and efficient
forming of refractory high-entropy alloy by laser additive manufacturing technology. The design method and
criterion of high performance refractory high entropy alloy are proposed by using first principles, CALPHAD and
other alloy design theories combined with deep learning. By addition of elements and composition optimization,
the crack defects of the alloy were successfully transformed into stacking faults, and the defects of the alloy were
suppressed. The developed high performance refractory high entropy alloy has a hardness greater than 600Hv, a
compressive strength of 3.1GPa at room temperature, a tensile strength of 1.2GPa at room temperature and a
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compressive strength of 1.0GPa at 1000°C. The self-developed numerical simulation software was used to assist
the process design. Intelligent partition forming technology is used to realize intelligent identification of high
warpage sensitive area and real-time process control, which solved the warpage problem of large size complex
parts. Based on laser additive manufacturing technology, this rearch promoted the application of NbMoTa-based
refractory high entropy alloy in the critical parts of extreme heat resistance, such as aerospace, energy and military
equipment, through material design-metallurgy-forming synchronous manufacturing.

D03-082
=R R R I T ) FHERRRT I
A, SKROCHE. SR, T, RBIE. HR
P B TR

REATRL Cndag g5 AR BRI LR AR R S w TR RE 7, FEATUR S 3 R F A 4 55 T 17
RIS 7Tz 058 R AT AT S 7 8508577, (R85 R RIS fs 1558 2 — Tk R
PR PERIAESS . FEUL, FRATTERE 7 —Mskng, B Wi fE =4t (3D) FTENRAEWER LITHEBESE
(HEA) FIHESEEIRIE, MR RIMAN G S5 AR J7 ). =4EFT DB R A 7 IR & & 1 R
7R P AT A H R 75 J0 =8 =M kE (6M-TTP) Z5#. 6M-TTP [ #h R A4 ME TSR LN ) Bl TE, M
TR S B S e, TS AR AN g K o 1) HEA T U ] 368 5t R~ R A R0 3k — 25 A i 45 44
BT BRI, Hl% B R EYIHEA IRE Mg RIS I R4 (TE%Z KT 500kg m-3 £
4 0.055MPakg-1m3) . fRFHIHMEIKERE T (FERXT 30% IEAZE 48 70% MIIREZE) . MM
SHPE (40% (RRAR ) FIEE I LEARE: (0.135MPa kg-1 m3) o 4FRAI PRHAREHAR 48 B s i L DT AR 3 3D
FTENR G 28 LRE, FRATERTG TS RER e AR i & & AL S TR PE AR A K S AR S5 M e M 2 A AR,
HRET R (482 pA mM-1em-2) , ZMETEE%E (0-1mM F1 1-5mM) , R HIRIC (2.94 pM) , 7EREME:
W B R KRR e YA B PE[3] . BATTI SR Sy i AT BE AU P R 4 22 U Bl it b 25 A4 T
BT — i) RIS, ARG Rz MM R R

D03-083
CoCrNi(Fe)-BSi RFffi & &R GHR)= AL Kis B it P REBT 50
PRIt R
Hh B R

21 AR NSRA TR T AR A ORI R I AL o e TREAPRHE b R S 10) . TF AR
RIRMIDBEATSE, R SEFERHL GUR . e AT S R R INAEREANSE T o WP AR KHAL TP kv
BT AR, KRB 22 BB R SZ AR . JJUEER, ol & < R H R A v PO B R AT
RAFITE BEPERE . O RIm M REAS 2 2 AL M BRI TR SR Ll mide= 6
WIE, A A BRSBTS B iR v Re, KA ARG fir . AU L, CoCrNi(Fe)-BSi il
B, JE LI Nb B Mo JoR, MM BOIRE . S THE. BOLEEET B T RIIAFE 1
FR A EEEWE, IO TIRENM . ARG MR R ks, L T ERE - T2 AT RE
Z[E] IR AR o

D03-084
Zr63.5Cu23Al9Fed.5 &1 Fe. He BEFHZERIMGHI A
Mg & 5%
KIEFE TR
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RARMNHENAEES HEAR, BT 14 MeV [ THEIRL H/He %6 & TR IR fr, RAEATBHE
Z P B0 P R AE BT A B 7 A ™ B IR £ R B 05 R0 R RE B Ak . AR BF TR =R A T X
Zr63.5Cu23AI9Fed.5 FE i A & AR [H) e 73 1 iR & &84T Fe+He BT RIR AR R, it Sl Fe B+
Al He B T4R I8 45 BAE X, B 700 5] 50N AN A AE 25 44) 22 57 3o 48 TR 75 S AROUE 465 Mg Y A A0 7 22 1k RE PRI S
=S HERIR S AR A SRR R RIFIAER S, RRAEDPKSACEOT RIS Tk & &0
MRIX R A e e dt, TEREAH(E Al JTGR). BEAE(E Cu. Fe NR)EFNALSA MKW, BT
SRR AL BTN, B Fe BN 7 B HE S 0 i ik B S 3R L HE LU B He B8 T4 IR BN A1 4k . 7
B He BT, dEEAE ST He 38 5) 5040, 1 dniA G & H I He @A S 040, HA'E Cu XM
He JERSFRE K. AHEL T8 He 581, [FIRTHE RS SR S A1 SR & 410 He 0 A R ANAR,  (HL[R] i HE S
) He JBRSFEE K. @A S 5RE GRS &SRR S SR B A% . JE5E 818
VIRBIAT s, RIS mTaEs b, 3RS 1R A S AR s, EAH T 5 RS
Sh, RIS Y R AN SR dh ah M SR I H B DDA R B A AN A T A AT B e A

D03-085
LNZYSE F=doy M d i e RAYS SRR u R 20 N
>, B, 5k
RIEB TR RS TR

% B RIE SN HE SR A BE N 2 B UK . WEAL S BREE, A S B HE Y 2 418 AT« KBStz
TREA R R EAZ EARIR K . %W RS0 A m RUs T AR . =i A &l T A r #dsoe v
RO T L MR, R DUAR S R HE T B R [1-3] . TGN OK & A R A R () S A A
AN AT DA S5 BEAS A7 #8538 2 T 3 A R, 3 TT DA W S B = AR R R O VE A, Rt LV K
I G M mA R R R e e . 7EIL SR FOR R R IMIK &8 2 E M B & B 1 A
JFL v B T 1 2 T R T DAKS B4 i k) ) 2 P e S s R I BB (1 FH [4-8) 0 AN SCR FH B2 IS (1 77 1 oy
B T A e A R K 2 R EATRE, SR T AR RO AR L R RN . &
RIL, CoCrCuFeNi rE 370dpa = f & 4m M8 5 ToFLIRGRIE =4z, BB R R A2 9Kk RUEERT FCC A BCC
CERIEEAS, M T RIS AE AR T, R R R, CulTaNbMo W& 42 2 I
BIEHLEIE TaNbMo ZERe £ FIEH, S5~ESNEEZ ZHMH GBIV 1 k. S5EJE, TaNbMo
AU IR AL, 5 SR 2 2 A L BT K B8 71 ORI & o % TAEAUIT 1 o B A4 xt &
SPURRIERE IR, EIRE T AR M5 T MBS TEHLH] A48 RN, Tk B 84 e S HE
SERIMPRHE AL A

BTN
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D03-086
SE FEEE L12 MR RS SNAR SR IFE R
ikt A L RYIYLA. s
1. FEAE Ak KA
2. ILERK%E

I L12 TSI FCC A miiii & & 1751k, REW M FCC SBAARTE R I FE b tH Bl L12 A XA 4
AT FLALRL, F 2T FCC i & S e AR T 2 7= A= 1R o P 5 S PR LA 11 i . RO Tt AR e 1 v Mg
G 4 8 T VETCVE RS MR S 25 1 R IRAEEB A (1) 1 e RE 7R oK, IXfH45 L12 B9 =i & S 1E 1%
A 1R FHAEAEAROK (P 9 23 1]

SE [ [ B — PPt AR 2 B R, R B bR [ B0 () BT Bz — o ik R i 4
[ 3t A P R B A AT [ R, e 25 ) L2 BG4 P S A o R 1 Wk [T 5 Sk T i
T EME ZH 2R ) 22 P RE RS20 1 R R 9T, LB E BONLIRAT 1B i Ttk — 2B 0 AR I

AR SCE I FEA F B R E [F1E [ NiCoCr 2 Sl & & 1 R 2R L K J1 24 RE, WISl T 6
L12 35m R m i & 4 i B A 3T RO R . 383 SEM LK EBSD T KB, SE IG5 L12 557
R G Ay B — FCC A A, R IR L12 AATHL . 78 Bk NiCoCr JE w2 42 58 i A 1)
JERGEFE N 732 MPa, ¥B1ERT LA E] 37%. 7 R ILBRUTIE SRR EIER- 4, BT L12 M5 FCC 2k
IR 2 5, (R T R R E AR AR I L12 A B A= A e i s i, AR T AR e ik 1 K& ) LA 4
BATEEAE R, R HDIREAL, SAsE ks L12 $Eam A iy & S8 it 7 A iin TREMLAE 11, (E5A4
TE =5 AT THORRR R I B I 2R

BEAh, 6 [ S R ST 700°C I Ry b ST B A B, ER T Al g [ sk kot S A ZE R (R
), FAE 700°C T JE ARG AT IA E] 516MPa, WiZLas B 670MPa. 45 R, 5 A k[ I FE ORI
ok o 47 1] A B 2 (1) [ 3t 26 A 45 b A A 5 1) DA BB ) SR B M s P 38—, R L1235 2 e I
BaAE R FORFE T R I I3 E 1 DA 7722 1 RE

D03-087
FEREMBE A SR PR BER LRI
i
i N

A o < PR EL e Bl P P TR AR T A SE I e R R W B o SR, 5 Z AR SR TR ) 228 T AR
AR AR N AR s . BATIEE T R R ARG 5 B2 ZreasCusss B4, I B3 7 S A ) s JRA
DR BERLSEIAR T T G A PPN & < A AR R RE RS . 5 iR &G, AR &SRBl Sl
PIPTREIE BE AR PERE, KPR ALYE R B 2 2 B AIC. BT RR Y], SZEA PSR EENA R TS
AE SRR BT AR AL D, FAIR T SR B o A, 5l R A AH G 1) s 5 2 AN i s P[] 2 ) d
FHIR T AN RE, G0 T AR A SR . I, 95 S IR B AU R AL R T AR A SRR
AR BERATERE o 3K L R DU IR G5 AL ZONEXT 5B i) (0 B A AT 6 R i e 15 & B 4R 3

D03-088
FEE R A4 L12 R bee 49RARKIF B2 H1H]
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op

&

FE 5x
R TR

EIL G SR BIANGURT AR, AT AT H oA AR 5 i s AL XA 3, A s & 4 1)
SR TERESR A TR RS, (AR S SR R A AR T YR AT AR R At BATTK
I fec/L2y F2 i = i & S e BSOS R Al T B— FhRRIR I fee/Ll, + L2y/bee 2 iigheigl. Hdr, fee 2k
H) L1 99KAR L2, 5K bee 4K ARFF AR IBIE — DAL AL, 2B PP B0, 9K
LRTE > I Ak B n R E 5, HAERF SR 8N Sk gm; 20, R E RS XKELEEAD
(fecc—L1, fl L23—bee) o FAVTE T fec/llL2y th =0 RGAEA AR T I ETE 2 A X, UESE fee/lL2, 3t
G SR RIER TR A AR, R RATRRS RS Z 60 TR R ER, X
Fh 2 N 2R T BT B B e = 3 i S S S 1 S B . AR T O T SR R A S AR AR e YERHT H AL
R T AR R E R Z AR S m i & & A — 2 MBS E .

D03-089
R sk is i & mm Bl kR A AR
Fol I
IRV p R v

AN BRI P Aok ) < Ja A e S E AN R M S B P o BRI, el A RO L 1 R ok e
A HAAEAE 0 550 - SEPE AT TSR T e Pk SR & 2 — A B R M0 R AR SR A5, W B BAT U
REFI A8 ARL, A7 B S X — Bk o FRATTR BB UUARBORAE N SR TS BOR , 7E 80 ¥ Zr50Cu40AI10
FEdEEh & B ARAFERPKEN, KIS CAERERESSHLL, RE%SEIEZ s B
S ER T AV ERTER IR, BATIRE P4z B spinodal B4, 2L 3.89 GPa
e e JeE IR SR AT 7500 LA B RSE R, SEIL T SR FEANSE Rtk 2 I AU . A TARR B P E IR R A LR
LR A PEREMI R REAA KT THI Y BRI 77

D03-090
T AR SRR R B IR B R B R PR RE BT AT
EREE> T EER
IRE R

AR TR i & U2 B 0 7 T B P B i LSRRI BR A A, VDR T Bl 4P A2 3
TR, AR, ARSI ARSIRER B AL AR AR AR SRR, iR EERE . SRR
drEE L DR SR A R VR RERR AR SRR R G . ASCES SR e B RS, A AR
TERRE ST 05 AR PRI FE Tl PE R8T 3 FeNiCrMoBCPND il &, SR FH ¥ 33 AR 7 1%,
Hl& VAR S E R LR, R MR R S SRR E, IR R AR LS5 SRR
Mo WEFERH], ER R RN ZIET, DARSRRE S A, REAE ISR IR a5 A
W2 LG DX, MR R AR 2 SIVE RN B Ve e . B S IR B0 2 B B m AR i & A D
FLBE SR , RENS I 2R e Pl 2, JLAR 58 82%, FLIE A0 0.17%, J& Tt HLA 79-238 MV agiagers
JE TR N 0.8 pA/em®, BlALELREE N 1.2 pAlem®, AT K 22 5 CURIE A 5 SRR A
WZEe oAb, WEIERA T E RS, TR RO, IRZ BN, LR B, fE
T A DAL B P R 5 A N A TLAE I AR R R B N, R BRI 0T B AL A TS
AR 2% AT 2 e RE R v R AR R R R B BRI N T

D03-091
WER RS R ANV RS KR

33



&

R E MBS 2024 B R R AR K S D03. IEf5 =

op

My
AT R

IR “—ARRR —AER — Rk BEERUERIR . BRI R T A A ST A% 0 K
Mg A, PRI A £R G VEREIL 7 R R il S5 MU AR S B AR 04T . FEARZ ML 2R, & JEIalf
EYIRHAME KRG A R Rl momEE . SR, MR ThaEE 2 0 a2 — R B
IRARIR L —, 22| TR E EMEREE TAEFER) 2 EA AR SR R ARG 00, A
A E RS REMLEY) R NZ W R s i eEm e a YD) X —H B aits
B WH Pl bR g7 “Z o0k RS SR A DRIP4 2 A T5 T vHd A 2 B G R 1)1k
SV SRk iE DR KK S

D03-092
CoCrFeNi Rl & &4 41T

/NG, BEAKIT*

W JRVE Tl k2

B e AN IR TR, SR RS ARSI SEARAE N BL,  JT A R R s B AR ZE P 1Y
BB LR TR @Ayl miia e RS 2Tt s, A E Oy R R & R A 4R R 26
Hfkik. HAl, 2 TZRRBRER®S R, KKERESEAgEN 2% A TR S T H
% 70pm [¥] CoCrFeNi sl & & 24F4E, IR BB RS A LT G A0 8. 25 R RH, HRSIE
[y £ AR RIS AR & A PR AE T T & S LT RO G5 R A 2 PR IS . v, 140 A/mm? (g #
TP A A 4ESRAT T R RS EE (L1GPa) FIKMISIAEZR (43%) o IRFEMMZEIRAELH,
e PR BERIE T FE AL B S B AR S 51 R RGT ALGR A RL AR B B AL & o 2 2R T 1 A 4R 1 Rl
WA RRFAL, BLIE I S AR Aok . (RN A 3 AT N B K OR A v, BR 7R S amAL LA, BRI
A L R B LRI SR S B T R E ORI T, oA RCR L T ARGR L (Y 47% . ELTHERE RS, T
JS2 3 ) 2 SEAEAG ML R ST TR T I AT A 4 8 O AR AR AL RE 0, AT RV R AE fR 1. PRI, ST TAF:
N SE I e e 4 (R i - 2R P R A TR L 1 — AR BT i 42

D03-093
SRR A RE SR AYEIR T R B PERTHAT S5
iR, e
R

EEWR T, 1558 T mAEY S KRB &, TWARSKHAE S G M B R4 o B 1 [F
PE R T BRI (RIRARTER, ZERE SRR RGEER R T DR, SR, 5 IR AR AR R
NI TE EAE] T TRIP RN, SEA S RIEE R, Bk, W 7E4ERr i 1= rERe i A ey, it
—BIRTHEE 1R, O T B IR E R . TEARTF U, B A T U A
Ti48Zr30Cu6Ta2Al1Bel13 A E A RE, A K IE Sh AR AS 2 o e st 42 Hil B A s AR A Mok
WA SRR, EHRE TR J15ERE. 16 298 K i, BTk & iP5 IR HE AR,
AR R R IEEA I TRk BE 7. ARG BE ik 920 MPa, fiihy s mik 1450 MPa, #4121k
RN 8.2%. fE 77 KIF, B RAAAHASZ 2306, (HRE: 5 HE 2 0E, XERE SRS
PARTERE ) 0 o . L IR B A hr s B g — P4 = 2 1150 MPa 1 1630 MPa, FRELR:F 7.2% 11132
IR L 1K — B I AL A R gk T 3 A A A B 1 R0 LA AR 5 52 A ) o ) - A AR 1 X
e IX— RIS, AU AR B EEE 2 A PDR RIS FH TR 1 OBrIE S, oS iR BT Ak 3
BT SRR T T ]
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D03-094
EEAER S SRRV RER S B YRl AN
EE* BUUA. BB KiG. TR £
PN e N

BB AR B A AR A SN, MORUE RS, R BE AR 2 B RS L, ZILR AR
NBERRAS . B A AR A2 SO BT D) A R A R, T DL o) 405 A AL AR A F 7 HETT R R AR i & < oWl BT
DIASTEHLEL. H AT JCiE B AR AL A T R T AR i e W B M 1AL, SR ERES I 5 A TR RE 2
[ FR) 2 28 i AN TN, A PP A SR BRI RAE Y B S5 A AR A I S AR S PR P AR5 5 SRR & e 3l
AE R o AN BT ANAN [ AR 3 AT [ v AN R0 P AN M SR, PR 8 1 A S BT AR R
MIANFESRIER. XRG4 (BURFRANFD Mgtitatr, Hs 7 HRka e AR
S TR SR N, FRRADT TR AT E W R BT U AL ANy R A 5Tk 456 H Hiik
MR MBI YN A XA G T AR S & e IR VRN UEE, JF 5 1 By ) s B 5 B D) AR s 7R AR
I FIARE A DL R B 7] 2R 2 e A U o

D03-095
PRI B TR R A

=115 4 (high-entropy alloys, HEAS)RA, | LA—F M Rl G2 A EME S & &Mt &, 230
BT SRS A = 0 & e AR O S, WS SN2 R R ERE SR TAPRIR R 2 G E . 2 Tk
P A A S WA IER T gt tEFIE AR IR 44, FRai)se it il s A me o ik 72 76
PR AT RER i &<l G, T A B T R B — 1 R SRR S S 2 T SO R, AT R A
R R G SR ARt T AR, ARSI B — 1t Sy VAR A B B R 14 1) 22 32 0 TG e [ A
FE A muffin-tin $/LiE (exact muffin-tin orbitals, EMTO)AI4H T #44/x {Ll (coherent potential approximation, CPA)
FHEE G 1 77 V5 RE 8 o S HE A R R =y 5 & &b A 5 T P ARG TS 7 o DR, FRATTR) B — i B
EMTO-CPA Tkt HHH It T & &A% X Cantor Sl &4 Senkov MERE E i & 4 DL IS =6 & 4 (100 AH
FsEE FRPETERE. JZEERE. JUAEIRRE. DLAGHARHLRI R s B, R s T R S T PR B R
EE TR EE G e, NI AR AL TR AR A EIC AR T, B S R R

D03-096
AR/ B AR L FLR I & S BB ) R R B 5T
BHOE, SVERR. KA
RIEFL TR

BT A S & 9K 2 AL A S UK RE FLBR AN SR 0 2, B MRy = 4EX0%E 18 2 fLINIR S,
f, R E . SR SR EATE RN B S AL, TR S S U B A R T B AT
o FAERA SRS TR, M A SRR YR Z LA S BT IR, R e
PR SR 1 2 T R RUR Y BN AT Bh T3t m s e A e e . A T/E 4L FeNiCoRuB &R AE
e AN ATIRMAOE L AL ZE R S SRS Ak 2 AL A4, IR AR AT IR Ni SRS TR Z LA
S MRS A A AV RE IR F5 . 12 R AR B BT IR A 45 AT TR CELAT FEBR/75 7 Ru 9K i XURH
iK1 RuFeNiCo 49K Z fL& 4, Foxh U0 b /K M 4 0T 46 e 3 B %8 (TOF) & i il ik 148.2
moly'molg,min™. FEALAEMR A 25.3 kImol™t. 7EMELRY |, @i E 5t 48 & FeCoNiPCB miffidEf &4
Jit 5 4 1) % 759 2 AE SR A S AH FeCoNIPC 4k Z ALl & 4, SLAERRYEABIPE 26 1F T3 B A S i) v
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/KA (HER) ffbIERE. f)n, @ IETHE e (DFT) B MR HES Tk E
WA AE AL RE A LEE

D03-097
IREAIE IR R &SV A ZR NS A E
BEEE L AL PR ZE L gkt ETAE S Akt
1. SRR
2. FERFEB SR
3. FERFEB I TR
4. KRR SRS =

L AEI 2 SR B 5 M [RIAR (0 — A g B 20T i, (EREE AR B & SR (R AR A B 5 R A
sIRTIAE IR AT FUE ARG A P SIBIYI, (R B SRS A A X AT aG RE AN R AR
AR, ARG T 1A FIAER A R AR B RSCR IIFE I . RIS SRR, AR RIR PR At
H5, Rl 1R BT K AR SR s TR, TSR A A A G R [ 3 o AL R 1) AR A 3 T DA AN S TR
YK IR i 2 LK S IRTAR A4 A3 BI501E. R4 T 100 ARIRPIEFRAL LS, BT AR AR () A
ol P2 PSR — AT AR AR RIS Ik BT D)5 A S5 #0308, SEBIL T ARG AR (1 _E BRAR B A
K [ER KFTIEABIFPIRZS o AW TR RN B d AR SCIe 25 Rt AT 70, B 7 3R de i R TARR
AT LA TT 1R ORLEE . A O RIR A A B AR f i 3R A 1R AR, BT AE B S SRR S
FEHIE AR TT 1) BRI SCEEAE T o

D03-098
— i R A R RSB R
A
o R

FRAE 1948 4 Kauzmann FEfEHLELL, BT A PR ESA vl Be I IR A, B AR SA R R FAERFE .
Turnbull 7£ 1969 “E$2 H! T “Can all materials be put into the glass form?” (¥ [n) @, $& H GE5 A Yy midt47 36 5%
A JTIETE SR SR S R AR A . SR, I T AR R B A BT SR 2 4 R B A AN
Mo FRAVEBLEFiliE Km0 EAR, FER B PR FBE AL EE, 7835288 I Hoks ) LT ir i 4
J&, ALFE M LIRS ) R 4, A O R AR E AR A . ik R AR A Ik O oK 2
B CHERD b T be i, A i 9K BURLAE TE K CREAN PR E AR R, BB A 08 o i A 1)
TERANK K, ARAEFHIE R 1 AE S 0T S 0RE d ik 1P 573 1) 3, Re ki [ B 4 R st B’ R )
FARY, P ey R R, AR CARE SR1S B S R AR M 1 B T AR RGO R . AT SEIR T LR
R ER, BFEO ISR (RN T DAL TT) BRI AR GG, R T R
o | 5 4 e P A M RURT A ot A T B R TR o FRATT i BILER i A it RS PR T R T A AR
SRIAANERE . FRATH AR — R B R S A 2B AR, [R5 T Ji g Y i 3 T vy e
EIE RS T

D03-099
Ti2AINb &4 f Ti-Zr-Ni-Nb B/FIER & &5 RH R X 8
W, . AT, ERAT. K
MU R KM R R S TR 2

Ti2AIND & S AE TS ARSI BT A7, H AT TR 2 R AL SE R Ak 2E Ti-Zr-Cu-Ni Tk}
ARSI BARSE e, XA TAP R Cu & ER R SRRk P AR Z e B ey, JA1E
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BE, RHAEHAERESERTR, A RS SR LG By KBS S, H2 30k
ARG R TGSk & B AL SRR, FEmisk B ERE. R, A TAREEX Ti2AIND & & 52
A, RHBEEFEEHEE SN2 2 Iumr A AR A &R B AHE N FAR A S o R A7 1 S R
EFRL > BB, TR 76 Cu I#i AL Ti-Zr-Ni-Nb R =i dE s & 4Tk, WF7 45 %M, Ti-Zr-Ni-Nb
G BA B ARSI EE T, AT R P I PR e 46 N S I ET Rl A o SR FLET SR Ti2AIND & 4,
sk EZh B-(Ti,Nb)AH . Laves A1/ Ti2Ni AHM K. BEAFIRRIET &, Zre Ni LR BEER T, il
HilT Laves AHITTE A, T s AT AR S8R it 210 Al JCRBENET4E, fRi3ET Laves AHIIE i 78
1273 K/20 min L2 N E:k B PI50 B Ak 261418 MPa. #E—3DHh, FRATHEFE T (R IR 8] %o 55 Sk 240 2R 45 K A
FIEEPEREREA, R ORI A R (1273 K/ min) , AERE B-(Ti,Nb)FHAT Laves FH4H/N H 1551 558
o> A T EF g, Bk BT U)SRE A 311427 MPa, B2 s TR AR G0 FH RS Ti-Zr-Cu-Ni £FRHR1F 14T
PR LR E (29150 MPa) ; Bl AR ] ZE K (10 min~30 min) , Laves AHIZMT& 3Kk, B 0mE FA1K .
T 50 85 B S B s AR A BT R T ORI B FH 2 (4t S 50 FE At AN 4

D03-100
B R A& CoCrNi Hifi & S ARG R AERERT S
PR B Y PR BRI
N R Tolk K2

CoCrNi 454 4 (Medium Entropy Alloy, MEA)ZE & TEREIR TS, |32 B F T il 25 it R &5 e ks AR 40
B, HEIEA E A TG R ARG G M R S N T T3, Al CLSEI s . R iR a5
1 — KRR, AT A S RE RO T 3w B S 07k, ERUE MR SRR A T R R 5 R
JERT St WA 5 A 3k I AR AR I LR S5 M DL R PERR TR AR, X TR BRI & & I HARTE
HJR A I LA 0 B FH DA SO 52 4% RO S S AR TR A L

JARENT CoCrNi Hf & &4t , kbt &2 &I & &I IS AT RAE . BF 5T R0 f5
(PIASRE A R THD o e B Al o (R AT BTG, RSB 4T, JCR A 5], YN AH FCC 450 it
T2 E AR R T AL SRR, R =28 T IR T [ V01, BFRAK R
T2 LA K A A A5 M . R TT T B R A G T MR J e R . BEEE BE DL I e ARk AT
PRIT, RO I LR B 1 ) 5 M RE AR A M A T B — e M, IR R 0 88 5 2 1 A
T2 . RIS 7R BRI SR I Hh I R I B R AR A5 286 D % B 4 T R RE RS A2 5 1 L 4t
BERAORE AR, UERHR A R I B 1O AR L R SRS 9% . AR SCAITERAS I 45 A SO R A
i# CoCrNi " & S ERT B IR AR 1 34— 0 B SRR # 3 10He 5.

D03-101
RANBMBILRFRE R A SENER: HTH/LRMF
G R Ao
R

LRI REA R o e R B I A o ASHITFEER T T — AR Sk 3T L B IR S SR o < R BT A
IR R JTid e B T TP T T ZrssCusoAlio A iy 5 B AEIR SN 8 N A B frr Ab 2 A o £ i
THEATAMERFAL . SRR, RSB TR Tisshiaes, %S E 2 K RREAXR T2 581
HAlF. sbhb, EAERR RG] DUSCRIR S B AR e BOR . B IndR3ENE, AR& & et )
H AR R, TR 38 AR B T AR AR AEZE TE N, R B AR AT e AT IREN BN [
I et 152 AR & Voronoi 2 1A A6 Dy BAT B8 R A8 TLUOM FRAE TR A A 48 Voronoi
ZR, XA ARG & SRS T BATRIRT L RR Y, IRah B sk e vl DL 22 4 56 8 B
WIEREAE, RIS & e iRBE.
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SIBEH (MGs) BAMRRMTERE, (HEER RS, HERES AR, MmN 7 in T
PEo L, X KIS B AR T PRI kAR . FELE, FRATTRE TEA RS (UVD) Nk
AIAE 1 FRd Py A 0 S8 2 A I 4 S B3 e A g K i S e A ) 2B B 0 FE BB L LI 1Y 85% (0.85Tg)
TEAKE 1 ANHK LaNIAl MG A it il B m FERRAIC 80% FRIE A5 15 2B 1% (UVIP). UVIP JT iR
R EL G A TR (R ZE KT BRI . S N AR 5 TR S, Z AR o SR ZU AR A, b igs
ZH TR RS . XL A AR, RN — R R SRS MGs BB AR A AL
HAR, NIRE MGs MERESMES 2 I BAE SR HE T 5 —Figts, FRWBHRET MGs [N FHHT .

D03-103
Long-term elasto-static compressive loading drives rejuvenation of a metallic glass
Abdalelah Homada, Xi Lei Bian,Gang Wang*
Shanghai University

Focus on rejuvenation and serration flow dynamic of metallic glass, this study explores the impact of
different durations of elasto-static compressive loading (ECL) for 3, 6, 9, and 15 days on the deformation
behaviors of a Zrs, sCuy79NiyseAlioTis bulk metallic glass (BMG) under an elastic stress of 1600 MPa at room
temperature. The results indicate that the increasing preloading time leads to enhanced rejuvenation, due to the
excess free volume. Meanwhile, the increasing preloading time contributes to an increase in cut-off value of
elastic energy density, which suggests collective movements of multiple shear bands, indicating the BMG is
ductile. The significance of extending the preloading time, resulting in a more atomic dilatation and
heterogeneous structure, which can aid in designing metallic glasses and offer valuable insights into the
deformation mechanisms under various loading conditions to optimize their mechanical properties for
applications.

D03-104
CoNiV H & & AL 48 S B il S L R
TrIRE
KR TR AR RRL A S TR b

CoNiV Hi & e il T A& R AR EENEENE, A BRI A A REAT R o (HILAE—E KR
JEER N A 3 AT 2 BN g A 2 e s L G, BRI A AT . SRR ARAT N — 7 20 Ak
(T Bk P AR, — 7 T AT REAE 9 & o BEANEE PR ) — AN R 1o BRIk, T AR AR
AT N HIHLELR T48 AR AT IR A B e . DAERIBE R e St & & h R R T, &=
I SR PR 1) B BUAE A ) FEFE 2R DA T 1 C AR IR AR I 5, JF HL AT RE 2t AT i 57 I AR F 134T
HNo ABEFER Hff & B4R A PLBEBEAT 1 05T

i 3L 73 T AN [T BE T 45 B P RN B B AL P SE IR I S5 2R, TTRAE Y, E 2x10-3s-1 [N AR I AR A
500-700°Ciifi & ¥ il 9 HH I 1 1l AR I8 AT A AR ARk vl B AR IA) C RUBRAR IR, i S AR AT N [F)
FE SRR R S I RE R A b o iy BIREE R AT A 1.8 BUARA R ) A i Zh A RN 2% (Dynamic
Strain Aging, DSA) 17 4B ML 2 BEI/INEITE DSA /K, 1T C BUAR A RN ) B4 S B0
FIRL B FE DR /IN 22 TC DSA IR YK o 2. 580K AR A RO 73 A 45 SRR W AR A AR I A b 2 R B PIAR SRR K
Pathi, BN — R A TCVERS DSA AT N S EIBOMI & LS 2", LIRSS R AMZIER) widom #r
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®EERBINEEZAIE Zr Z4pR5TH
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ALE AR K

e SRR A BT IR . BR8], MR AR 2 0% . Hb, Ti-Zr-Cu-Ni 45 Ti
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IR G, FiRRECRA SR S8 h DA AR ) LR, SRR IR, JRATFRB R & e T A5 i R
F Ti SEET R AL B &, R T R T M TE Cu (32 Zr JE AR S ETRE LASEEUER £ < v s ) e 1) JE B
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1310 Ti-6Al-AV & EAT RSB T Tl o-Titp-Ti SR S SIS, Bk HGIEET 44 b O T8
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SEBUER ey PV TR A ROg AR, XN TR RAER G N SRR G SR MR IR 2 4T 52
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A 24 TR X 316LN H Hall-Petch 3% £ 3RAL RS2
XA 5K kB> KM% X

RIPS

316LN 1y —FZ Looad, AAMARRIR AR, T2 M T & 2RARIR R & 1 hliE . (HRE%E I
L FHARER . KA A A, W SR AN T S ™ M 2R . [, 2 Eua e A
B R A PPl S AR B LR 0 VR RE, SR T H AT SRR A 7 X 316LIN 5 32 fR 520 i AN BT AT
A FCR A 5 F B 11540, -2 T 316LN H Hall-Petch J¢ R (3R AL AR IR & HARTEALS, FHHE7R 7455
FEA FF AT IR Hall-Petch < R RIRZIIANAEE . B ZWTFARARH], 316LN IR 5 bR iR R 231
=ABrB: BILETH B P A B  BERr B HAL SRR P A AR AE1S Hall-Petch 24 HY LI &
oA, RN A7 5 B BORRE H RN SR RS R Bedh, BEAE IR ZAIREMR, Hall-Petch K&K AT
BRI, AN SRR ORI FUHASEALE TR, BT B AT 32 2 kL A B
IR ET, BEERLRT B, i AR & BSOS I8 S AP R AT IR 3T, AL A e
HIAELER M AL B R PR TEAZ, RS8R RIS AE BT, A4S 5 2R AN B R R AR T . T
BB B PR AR E B B BT £, R SRR B R e T SR B AL RST RN I T AT
AR A P AL f 7, ) S a5, TR RS T P G BUOWZ d L85 A A i s 3h
HFET, WA P AL 5 TS 33052 219 5 i 4 .
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B DX Y FRREFE AR RE AT X 10 4 A 32 I B b JE P P e 4 K T el o K IR 5 SRR W At EE
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SR £ SRR AR R TR RS Zr BSR4 SR
S8 NI SN
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FEfEeh TR ERETR . EEA R, BA R Sl R Bk LU v
VeSO RERE . (HILIBMEARTRATAE R BR T LR T I BT D0t b, S BUR ORI, ORRERE PR
THTRH, J8E 5N AR AR S SR SR (BMGCs) A& AR i i & Fin AL fE 1 (1047 20&
oo ATAFRE AN A WKL S8 — A, SRS BT IO R A 25 1 i & S BURLE PIR i & &
SEMEL FRSEE T Zr FEAERE SRR O 0% 5 2 2.4%0L 1) . BMGCs 12 R4 2,
KR D A M M A {8 v 0 5 < UM R B35 N RS AL BE V05 WA, i < UKL H T Ja) R 22 R S A
o TR LA AR, AR T RENARRE, I EARPUREOERINRE . JF H i T s & &
RN TAEALAT i BMGCs A2 e 24k, fieidt 17 28500 iR, FasE 1B PIad & . K BMGCs
R 5 52 - S 11 [0 08 o A1 PR U1 R v 09 < RUARE v ey 5 PR L 8 R A K RO TR Bl DA % 22 A B U1 (R A A%
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AEFEPRBNIAHEE LasbAI25Ni5Cu10Co5 Hifi4: B TRk ERAT A
ML BRI KR L DK mBERM
1. R RFEMRERE S TR
2. YIRS 3 ) TRE 2B

TSRO N R e & E B3 )1 e RE . U R MR I e IR 2R . RAEBE 11| Bh 2R A7
T KT S04 B B 8 b 2 — A BBk S . EARTUTAEH, MR T EAFEFEE
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AIRIEFE A, 20 P AE R AR B FE AN SR B )N, JUHAE 15 A1 30 J Bm R E R IU R, X EEIH
DR T 75 15 S L (R 25 40 S I B o . B R S RSN BE R I T =y, AR AE 15 0 B YK R R B KA -
NTHREMBEAFEGEERE FMHZBEHE, £H -7 XK Maxwell-Voigt #5324 il
La55AI25Ni5Cu10C05 H 4 4 Jm 3 B 72 A [Fl A IR B RE 2 T ISR A0S 15 2 IR RRAE Sth T4 1) 1 2 7B
FE 15 J I [R5t T4 (]335 565 — e R P8 i vy, 3R IR 22 B I R RS BRI LE 15 3 I e Do, 1IX S 807 1
KEIGK BRI « LR, BI)ASHIX (shear transformation zone, STZ) 1445 B B /RFEMAE 15 F1
30 J I STZ RAFRTHAE 5 110 J, X FHEAE MR REIRES T IPIK BRI 2R TR 2R
FET RS B 53 BT B, LaS5AI25Ni5Cul0Co5 4@ BXFETE 15 A1 30 J, HFAl & fE 150 i), REILH & =
HRFERREERT, MEEERLRHISNMAEEH STZ KIS EME S, H L FBRMPKEIREE.
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D03-111
Fe2VAIL-xSix &&HH F- L H2 5 LT L
5K >
IR P DR e

HA Heusler Z5#1) Fe,VAI A4 BAZE SRR, 2 EAROABMERNESME, ABRN=
JCE B MR SRR, USSR B4R Si SR R T A N TR, AN, £ iR
FEF, &&2KENATH Heusler #(L2,) TP By M, E B R AEFEAT T HIEVEE (A M
o AEREE G SAT-T T, HAERe o R A W3 U

P FIDHE ST X-S 264755 (XRD, PDF) & 4 & X-B RISl (EXAFS) SEHIR, A T &85
WAEHIRIB R0 Si R FEA SN SMEo. 5REW, SiRTFIESTE AR THME (da) , WiEdHs
AR V(4b), [FRS, FHMNERS VRS Al EFIEE SR —SEPAE (da) o @i AR T2
HISIEES I RGBT, BB T &4 L2y F1 By AR ELB, X FHTE P AL AR £ IR A & s PERE
XHEEA SRR A AR R, 1A IE S i R A s A 2 B B A SR B 3 ER, aT Ik
KHHE A & IR L 1 R
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SR T R ALE 55 2 TR A B 2R o XM 5 T VR ) I 4 S5 A4 T DA B Sl ST s B R, ARV N A AR B
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AR g, R R FERE IS 10 % B A . X FRE 2 m] S A ATL ) B ok A 1 s ot B i S L ZE FE VR LRMEA
2kift, N LRHEASs FUHERE =i A & (0 v] OB MR AL 1 W, A EIE eA e TR e, Rl
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Pk, B3 T KERE. N THRIINE N AR, fh P A2 45 GEX CrMnFeCoNi 2 il 5 4 12
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Fe T AN ik RSE AR [R] HE 2 2 B AE X CrMnFeCoNi 2 i & & B S8 261 T AR TEN LI B 90 45 S 1,
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B R A4S IRAR S I TR FE BRI B8 BE 7 25T 25 HE R 240 B8 (0 AT 38 b o 26k 8% 2 2 0 o
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FrASARTERE, CrMnFeCoNi 28 LIS AR I F2 N T CrogMnggFesnCoyoNiys A AT M B FIZE A N . ISR
A TEI, 2R AT R A T I TRk IS N, CrMnFeCoNi HIAZ AR R B Al i Fias ik, HEEE R4 R
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Universal basis underlying temperature, pressure and size induced dynamical evolution in metallic
glass-forming liquids
Huaping Zhang** Beibei Fan® Jiagi Wu?,Maozhi Li?
1. Songshan Lake Materials Laboratory
2. Renmin University of China

The dramatic temperature-dependence of liquids dynamics has attracted considerable scientific interests and
efforts in the past decades, but the physics of which remains elusive. In addition to temperature, some other
parameters, such as pressure, loading and size, can also tune the liquid dynamics and induce glass transition,
which makes the situation more complicated. Here, we performed molecular dynamics simulations for
Ni50Zr50 bulk liquid and nanodroplet to study the dynamics evolution in the complex multivariate phase space,
especially along the isotherm with the change of pressure or droplet size. It is found that the short-time Debye-
Waller factor universally determines the long-time relaxation dynamics no matter how the temperature, pressure
or size changes. The basic correlation even holds at the local atomic scale. This finding provides general
understanding of the microscopic mechanism of dynamic arrest and dynamic heterogeneity.
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Co F:ARfEEAE NaCl W P A AE KB I2AT . BT R B A s i e 4 R AR S AR K 1 i 57 2
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EA 4 (HEAs) [RIJLAEEH) 2 4y AU S5 5 1l th B S, e — Rl BN A S 8 & Jm A4 K
RO 554 BAER MRS SR, eNESIR FREREE (oy) MXTRAL, Hri G frm.o
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R r#RIeREs, ATUeEaE&MERIE. ATyt — BT TiZrHINDTa RAERE S 6 <6
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FEREEYE, 7E 1200°CH 3SR R I HI 2 1100 MPa f) e i Ao E . ASHIE 78 i s AR 4t B R A D05 ) =1k
RE PRI RN R & R it 1 T AT
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TR G5 G A TT 15 BRI o VT RS IR RN, AL T e s [ VA AR 25 M R 098 T o ARSI /R T Wi &
PR SENE, BIEBTTBT BT & S R LIS A -8R i i R

(1) R QB NS S5 BT IS LE FeyoCosNigCuisAle 2 70 & < DA SR 2 A AT Fr 45 4
O, J5 01 F8 HoA 5 S5 T F AR AL MR B S J & St R rh 3R T K AL TR, TR 51 2 ALE5H
TEH M-Cu (M = Fe, Co, Ni, Al)H 75 TR AL, JoI& Cu-Al Bihr, R FERK iR BiRE2, SEB
0 BB XU Eh i FELRE K, 72 FRI LR 2.0 VI, BRA5 AR 130 mA em?, (R T RiL S 4B R R 4 1%

(2) A TREHNE, Sl 25 015 5 i o o T 7 A AR OML A A8 47, HE TR % B 40 A 45 dl
A7 B, SEIAR 4 pH BT AU ST T o 1% A A R S e R R R R A R R A 104 mV (B
PE) A1 106 mV (FRPE) , 7EFH B A3 i e b AR G2 173 500 /N, ZFdv A i PUC || 1IrO, 1R & (1) 40
(=T SRy A el 5 1 /S BA =10 s AN (A5 O N 1 A i e - M A L7~ S i S B = e
2 FIU A SR B TR AR AL AT V2 N AL T T i R %

[1] Chemical short-range order in multi-principal element alloy with ordering effects on water electrolysis
performance. Y.Y. Yang, Z. Jia, X.Y. Zhang, Y.J. Liu, Q.Q. Wang, Y.J. Li, L.L. Shao, S.Y. Di, J. Kuang, L.G.
Sun, L.C Zhang, Jamie J. Kruzic, Y. Lu, J. Lu, B.L. Shen, Mater. Today 72 (2024) 97-108.

[2] Vacancy induced microstrain in high-entropy alloy film for sustainable hydrogen production under
universal pH conditions. Y.Y. Yang, Z. Jia, Q.Q. Wang, Y.J. Liu, L.G. Sun, B. Sun, J. Kuang, S.J. Dai, J.G. He,
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S.D. Liu, L.B. Duan, H.J. Tang, L.C. Zhang, Jamie J. Kruzic, J. Lu, B.L. Shen, Energ. Environ. Sci. (2024) DOI:
10.1039/d4ee01139b.
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CoCrFeNi /&4 (HEA) EAMAIHAE FCC 451, YR, (HiRERAK, 1 BCC 45441 HEA
BRI R B AVIREE M . A TAE LA — FCC 45141 CoCrReNi HEA J2&fili, i@+ Al LRI =
3/ N BCC #H, SEA5LHIASAE I VLR AR & & AT AL B, SCOUS SRS AT i, AT $E s HEA J)
SRR, WA R B Al S EIN, GE&1E AL KA FCC-(FCC+BCC)-BCC 45tHAF, 4 x=0.5
B, #&E4E5E FCC+BCC ML M, SFLHIGIE, AR, RILH RGN THERE. G’
&4 90% (CRI0) I, G443 dn ] BCC AR A BYUIRERE, TR A 4R TEAH R, F Ry AT A%43 018 1498.77
MPa 1 2.82 %. £ 1050 °C-2 h+650 °C-12 h XL H HAALFE 5 & 4 HU B 60°/<111>78 i 7, HLAEIR K2R F1 B2
FHAAT RS I L12 A BCC AH, 3 Rpozv R A A%7) 1 859.04 MPa. 1177.15 MPa i1 10.16%,
IVEAS L e SIS B 05 - ARSI 4 RN & & T RO . 3R R 48 5.
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FEASRHIE, (A RERRAS MON AL T 250 -TEREZ M BT, VBRI R ARG & SRR A B ) 5
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Fdeae . dkton . RWEE . BEE S EFER S 2R
1. P EBEEEE R AT
2. FEBHER TR ESORS TR U

I AP BHECAZ BN 2 F8 IE A MR SR T = IR P D IR KBS, 8 AR B 16 AN A2 B T 8
M2 ST K. C N AE R A R Yk, R CAZ 3808 SE IR i S AR I RE AR T (RIRIFR
el W, SR, FIFCAZ RN R e A A AR 2 M BE LR T REME R Ak 5 HR 18

BAVRI, FIHICIZBSA T LS TE A FerrsSiasBis JEdn & & 25 B, & AT DU 35 o8
JIMERE . VKA FerrsSigsBis IEM a4 1E 600K 1Bk 1h J5, HASERSHET 1.08 kimol?, F
47785 iy 2 35N AR TR K S ) 100% PR ZE it #2251 15 + 6% Lt ic 228N MR AR FE 5, 26717 1 RE IR SR
TFHT 029k mol™, [FmF, Fiy25ih BN AS A5 % 65 + 26%. [FIIN;, FRATIEKRIL, ZadiciZ i mF G
AR A e S R R RE RS 3] T HE— B B3R TE. VKA FerrsSiosBis & & HIF M /1y 34 Am™?,
254 600 K 3Bk 1h JERRKALHE, HEFWAEE 27 Am®, SRITEITICIZ AN FI4 5 36 & 410
e hiEeN, 5% 0.8 Am™,

g5 b, FATRIA FCAZ R AT DASE IR & & BB R A%, SEBL ISR & & S 1 B3R DU F L,
FEFIR SR T LR RS o 1X — R IUNR FACAZ 0N S5 AR b S AR BE R 1B AL A
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P LR A o A AL AT R R B AR & SR BENERI T TSR AR &SRR
K TRER B . AR SR RAL . TR MAINE . St b, SEBRN AN 381 BT IR IR
PV SRR SEI O AL S N P RS EVI AT 1485 s S5 SRR TV BT A3 AL £ 5 HEWT T X
EEINEE AW 2T/l e o kil I B B2 =S P o Rl 6 S N | T R N YR SRV e Eeb Ul i DEC YIS
SRA AL RAZHNH BRI VI, RIRA WU L FT B L) 98.21%, Xof v 25 &Il 740 (1 A Pl 4 B AR 24
80.64%, IXFNRCRVARITAORIEL K AL F B RO, iy 1 FRARACR o AH EUXS L S A BRIE AR A A
FORLRIL B R AR S, A SN h 32 B A R Uy Bk Fe(IV). BkEE TR S & S AELR B /KTH RS
WA RIS 1.
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(¥] Zr-Al-Ni-(Cu, AQ)FF 2% i AR fih . WEFLRW], Zr SEAR G & e (0 AERDE PEAT S BERE A Zr 5 S 3 Jin i
%, AR G AT A WA AR, SRS S0 AT BOHE S B B-Zr + o-Zr DK EAH, SR T MRHKSRE . 5
& BRJEEHER B B-Zr + o-Zr MFTHRAAR R & S A DCRIL M B R A 5R T W2, R REIRAF R 4T ARk
Ao HEAREL B-Zr + o-Zr AHAIAF K ENT T FEIE, SECE Zr A5 & S0 AR B A R FFEOR 1 28
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D03-138
Defeating hydrogen-induced grain-boundary embrittlement via triggering interfacial segregation in
Fe-Cr-Co-Ni-type high-entropy alloys
Weihong Liu*
Harbin Institute of Technology (Shenzhen)

More than one century ago, hydrogen, the ubiquity element, was found to be detrimental to many metallic
materials by causing a severe reduction in mechanical properties, such as ductility, toughness, and fatigue life,
known as the hydrogen embrittlement (HE). Extensive studies demonstrate that grain boundaries (GBs), which
inevitably exist in polycrystalline alloys, are preferential locations for hydrogen accumulation due to their high
excess free volume. A high concentration of H atoms accelerates the decohesion of GBs by enhancing the strain
localization, stabilizing vacancies, and accelerating void initiation and coalescence, finally leading to the brittle
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intergranular crack with limited ductility [5-10]. Hence, the GBs are crucial in determining the HE resistance,
especially in single-phase polycrystalline materials.

In this study, we found that such a long-standing HE problem can be effectively eliminated in the Fex
(CrCoNi)1-x face-centered-cubic (fcc) high-entropy alloys (HEAS) by triggering the localized segregation of Cr at
GBs. It was revealed that increasing the Fe concentration from 2.5 to 25 at. % leads to substantially improved HE
resistance, i.e., the ductility loss decreases from 70% to 6%, as shown in Fig. 1. Meanwhile, the fracture mode
transformed from the intergranular to the transgranular mode. Multiscale microstructural analyses demonstrated
that the Fe2.5Cr32.5C032.5Ni32.5 (2.5Fe) and Fe25Cr25C025Ni25 (25Fe) alloys show negligible differences in
the phase structure, grain size, and GB character. However, interestingly, the near atomic-resolution elemental
mapping revealed that an increased Fe concentration promotes the nanoscale Cr segregation at the GBs (Fig. 1),
which is primarily motivated by the strong repulsive force between Cr and Fe and the low self-binding energy of
Cr. Such unusual interfacial segregation of Cr, which has not been reported before in the Fe25Cr25C025Ni25
alloy, helps enhance the GBs’ cohesive strength and suppresses the local hydrogen segregation at GBs due to the
deceased GB energy, leading to the outstanding HE resistance. These findings decipher the origins of the
vastly-improved HE resistance in current FeCrCoNi- type HEAs, and meanwhile, provide new insight into the
future development of novel high-performance structural alloys with extraordinary immunity to hydrogen-induced
damages.
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i fAAES Q)M & Ni AHAIE Cu AHKIRFFREATH . FEAFRIINRGER T T Avrami 550 0 HAE
SR EE B )BT A, ORI 1Q AHANE NI MR AP ARG, T Cu MRy Bushl A K. BAh,
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D03-143
A data-driven symbolic regression approach to design strong single-phase multi-principal element alloys
Yang Tong**,Dawei Zhou',Weidong Li? Caijuan Shi®
1. Yantai University
2. University of Science and Technology Beijing
3. Institute of High Energy Physics

Multi-principal element alloys (MPEASs) emerge as a groundbreaking class of solid-solution alloys,
showcasing an extraordinary combination of high strength and ductility, especially under extreme temperatures.
However, the pursuit of a robust predictive formula for solid-solution strengthening remains unmet, hindering the
design of MPEAs tailored to specific properties amidst the endless composition possibilities. Here, by integrating
machine learning with local properties characterization and calculation, and mechanical testing, we quantitatively
investigated the correlation between yield strength normalized by shear modulus (c,/G) and local environment
features—Debye-Waller factor (Uiso) and local strain (g15), Charactering local lattice distortion, and
electronegativity mismatch (Ay), reflecting chemical complexity—for face-centered cubic MPEAs covering a
wide range of atomic size and electronegativity variations. We found that Uiso exhibits a strong linear
correlation with Ay, whereas for predicting oy/G, Ay surpasses and other features in effectiveness. The efficacy
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of the solid-solution strengthening predictive model is further substantiated through new alloy design. Our
closed-loop approach provides a quantitative framework for designing MPEAs endowed with exceptional
strength.
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6.67 glem® [{A Bt TINDMO0g sAlg 205Six RHEAS, BIF 7t HLAIAS 5 Kb A IR Mk, DANRAE R mis T
AR FE ML B W8 31 373 A2, B-(Nb, Ti)sSis | y-(Nb, Ti)sSis, LK BCC VAR (BCCy)HTH v'-(Nb, Ti)sSis
FH o I 5 SO O i R LI AR AR R e R BT . 1E U ST S A R T R -
FEMEH, IR0 R 3R A 1763.58 MPa, N AR F] 23.65 %, 800 °Craih 2614 N i ik 5 N 1444.82 MPa,
RiAZ R 17.48 %. VKA ENERAEST AR IEB (S 6 E) AN ER- BRGNS, X555
P S S B BB Kk, #EHHEE S AR ITE M Z R IO R  E Hil L B4
BET B B

D03-145
Fe 23R RRLF AR % KA YERRRT I
L h
CElS LN

I AR SR LT 25 T Fe-Zr-B Al R KRG RAAR  FIH X S 26475 (XRD) & 3 T A (TEMD
FRZNEE ML5R T (VSMD X Fe-Zr-B AR iR I 4548 . TSR AT T 3RAE . BbAh Rt ot 1
Rkt BFARER IR, Fe-Zr-B MUK R ILAE A S5, PR/ T 30 nm. X LE3E SRR 1) v AR A 5 2
2970y 55 emulg, FILHRACHIFIRLAIFT ST o BEAE, FRATERWS T — AN T ZRAERE 75068 Kl FEE B i 2807 5 0 (1)
Z4 An* (qupmdown/ndown) . WFFLEEREIR, £ 124 mT LA, AnRfE, M7EgE ST 124 mT
I, ZAEFE N IEAE . R FE 5 W37 2 A) () S0 35 ) SRIBR YA DR T3 A8 P o AN 32 (R 276 ) o X B8R IR Fe
FAE S D REAC N FH SR S8 IR A

D03-146
FERPAKBRBEAMRIR. H% RFHBAR
HVSR>. BFATA. L Rk, WA TR
Hh R B T B BHEOR 5 T RERE TR

FEIE PR 56 @I, AN TR RE. YR EH AR it g i, il mA. Mk, Dhag—ik
AR T o as . RS RIS RURIGRA SRR L BRI A Rt R i S AL . (B E A
S A BT e BN R SEROR AT AR R 17, f R DoARE B o as ™ B 1o XS DL L
e, AR T B G A A A AE RS AR S oK O 2 A A T A3 Jee b S I HET 15 100

D03-147
R FeCuSiB RIUKE A S WTHE R L AT 7
PR SKT SRR SKER{E. HWSE. REsAEL. A
R B T B BHOR 5 T RERE T
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BWEANK G A YK - TE SR 25 R RV (A Rl LG 25 1) e 1, 2 200 kHz AR Ju Bl N 2R
PERERAL I & SR RL, O REIEEAS . SRR, TR RS a R OCEA R, T2 N T3
REVRVA S R REFM . BB AT AT AR AR FE AT B EE = AR SR IR X SRR BN . Rk
AR REAERE H B i ) R, R T R 5 2 D C 1) v ML R BB 551 5 (Bs, >1.3 T) 5 my A AR 4K fm A R o
PR BE ML S BhIT R T e MO R R S N i AMIC R D IR 9K i & 4, IR IS SHAP Z0 iy 171
AR RIS  Frmi )5 B BRE () G . SR A L A+ IR A 38 3538 T T FeCuSiBNbMN 54
() AT RV o B RE S 2 BASRERE W 5% 5 HE S 7 S R RS AT T s L. S — T, BA
YK dA AT DL ARASR BE 5 A2 1) JR0 Bl B 4% 1) S PR R G 25 A () 58, AT A57E 140 °CTF, 45UFEFN 100
KHz (RG-S AT Z DAL 4 %. XRPELE SRS FeCuSiBNbMn #7: BA 8 7 15
ATRRERE S R g, &R T/ SR R m g LR R

D03-148
BRI 15 2RISR S TR
W BT, R, D
PRIk

X R BE TR AR B SR 5 BRI A AN b AR () e R AR, o, 2 DhRREAL 30 S 2ok
HERM . R, ZINEMENFINE &G RAER TSR, S RIme Rk T EXBER. £
SFIXAN W, AT TR 7 — R OIE A AR HE (DM SERS, RIhi 7 —Fh A . 9iekgiz
FLIM Z Thae AL, A 2R T A DB e DL il 1 1) R . 3 b BT M 1 7 V2 R 8 SR Vi M U 4 V7% 14 70 ol
ARG SR AR NI, f 23S B a5 b B R AL (NPMG@RUO,) « X
T AL 7 R T AR 57 0 B ARSI, JLAE 10 mA/em? (R 25 T, &l B (HER) FIHT 4 2 5 (OER)
[yt AL 73 7k B 41.50 mV A1 226 mV. b4k, L% HER 9 Tafel #1%°4 20.01 mV/dec, X} OER
f) Tafel £1%y 66.53 mV/dec, [FIAEHS1EEF 620 /AN R E P o X BB S (M BE 15 2 T Ak 77 bk o 4
KL AFLEEM, ZEE R TRIIE T AT B A a8 B A 55 R AT LGRS, RN, Ru A P-MG 2 [H]
T FEE T 7t Re . X LR LS RN GIK 2 AL 2 DhREEAL A P R it T —Fheg it 7 —ANBr i

/
’ff—éo

D03-149
LB THEITREARR-GOR B & SRR KR
R, AR, R, S
(i

WEA R R S WA REEEE (B « REHH (H AIEA SR () ,» (AR, IS
RESEVF 2 R EEAER . AR A1 IR I 3R K R BR IE G K S A ), TR LA S A A il e
IR Bs PR pe AR A AR G0 I ) AR B AL, R SR Rt Bk 1T A Ak R 1 AR 2 A
29332 N FH ) B B

FATN Fe-Si-B-P-Cu RS A & AT AT T, e bR R AU TR, 4GB AESE
S (P ECRE P RE A O Ps A B R/ F LA . Bl THEE R 938 0, Fe-Si-B-P-Cu JE 4 & &1 AL IR H B
THERGES. @A AMER 77, 5T Fe-Si-B-P-Cu dEM & 45 — L BLE 400K/min T
BRI T Ty 2058 722K F1 730K, N FUHRGE FHE AL B R 1 S 04T AR A 1 k3

ST HIIHWBETC, RIT T Fe-Si-B-P-Cu iR K &AM HAPRESERHEERE C AR &, KPR
WA HIEL 10 Kimin A1 400 K/min [+ 3E 2 A5 A R R #4710 min {RIGAGEE, 15 3)7E
400K/min N HEAEMAACEEE N 750 K, Ho ik B HHEIRE (~10 A/m)

P THE AL, R A D) NP THR IR Ty (fast to slow switching temperature) 7E S-Tyq
PURES, He AL TRERES, ME STy 25 ISR ET: o 16 TPk - 02 5 3 5 20 T+ # ik 3 i
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T, ME Te TR, He SR FRAKES 5 R e, H He MBFIRBEE T (slow to fast switching temperature)
WAEAW TR R R Fe-Si-B-P-Cu AE & & 4 LME E Tl B AT A 3R, o-Fe TEAZ R ERAETE Ta
5 T Z I8, SRS T Too i, a-Fe WITEAZIS RREEARZE R, J5 2000 S A A2 2l T ke KRBT £ =

R Y - B ok - 22 A TR B 1 PR THE A B (400K/min) % F-BEAIK Fe-Si-B-P-Cu JF -4k i
B He FICBERZE 10y 650-740 K 2 IA), s J DR inFA i oo 2 X TR), D Tl r =) dslieh B2 i TR Y
PRI TR AR () S SR AL T SA

G PURRTITHE 5IBKEE He AL, IESE T 25 THR KB AR dh A & b o B2 HhREAE
TFEE G 8 1WA RUE RS, TR AT DR IR S A AN 5 3 7 S R R DG T B

D03-150
AIXHITaTi A 0 2 4 B S0 ) S AR PR R T 5
Ji e
P

WA IR A 4 (RMEA, Refractory Medium Entropy Alloy) 3 = B4 ot R AMEE SRt R, A Y8EE
R IR T AR AL RN R B I H U R o SR, 1% & &I S B MEAR, I X P et
ZESE N, ASCELANIN Al TG, H % H A BCC 511 AlXHfTaTi &4, R 1200Mp (1) 1E
Ginm AT 60% M R AR AT, RIHE BRI EIREH J1E R B HZA & HT TR N 87%M#%
FLASTY S5 FREAT 950°C-5min iR K AL FE, FRAG SR RLAH /N L AH BCC 4544, H 2 IR b i e il = T~ 1000MPa,
W L SE A 6k I 20%. WFFT I, 2R AR AR K B () SR RS BT, NRST Sk B 5 Bl i £
1B, IR SR A AR B R e A & L FVER , 2BV R R4 & . i el i 6HZ A 47 1000°C
THEIRET NATHE R, RBESESFTRMAIG, A&RZEMHZEFN AlTaO4 S8 L, EE5E&K
MR T 2 BEAPIME HBUEMANE, AEEA HIUTFRNE, Aadts A ambiEbrtae.

D03-151
ET BRI KR RIUK B & S H % R R 5T
RN BHEH. %>
Hh R B T A BHEOR 5 T RERE T

BRI YK S O & < B S MM RE I N iR T L ARB ) R o, A P ) PR U LA T2 N P
o (HETARR G EAURBLARE 228, BAHLHEITIATEEE, R T mvkReiar k. 58—
2, WEFCRIBAAIM Flash DSC RSt IT T AR d & @ M5 B, @571 B b S v iUk AL e 1]
FIARTE DG R, IR LA ORI A B I SR A BAVK B & e, RERR T #7 T SR,
R TR E BE o AR S S ROV AR - AR BB AR VE SR T SRBRAIE S, oA AR ARG & e B TR R

D03-152
R & SR R BUT AR IR

LESeiv g

2N AE] B2 di A ARE R K RN ASIE ) RBE o PRI, IXPRRPRIE FRIEh 1S T N A R = 5. AEH R
gt AR AP HeE R A A o TN RS IR BRI B 122 AT 9 I 22 5 0 MR 0
PERET R B W, BlanAr R MR RO TR R . FEARIRIAIETS, S Jm BRI A KR ] A= AL, 1M
()5 252 (8 R A B 6 2 AR A P R B P KRR AN e PRI, PRI R 45 Az ™ B o 7 e
RE 5 3 B st A R TR 4 R L RE

EEXS LA, RS PR B 1B J) A A S 5 HE NiCoCrFe (Pd) v sl SREES AT
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BEATWTTE, $RH T m] UK 47 ol 7 5 A B 2 1] 9 O 2 72 37t (R 5 < vk SR . BFFER M, SR
Pd 57N AF| NiCoCrFe &<, JEREE T LLH) NiCoCrFePd &4, P BRIE CEBRAITAL) A9 HL
BEBUE EARSARFE AL @R S e TP ASOTR R 2R, A TS IRE S SRR
HR S A A PR A R ) B A R T O R [1] o X K DR AR R ok, 4 Vv IR sk
B BT 72 07 1D ) BB . e SR DA AT AR, ARHB K S AL 1B ISR, T Je Az F T 4
MG R I 7B i S

D03-153
Ti38V15Nb23Hf24 M1 mi & & RiREAAT N
BRBHE M2, BRIEAS 2. THRE 2 BREEE L Mk

1. FHEFE T K

2. R K

MEKE S A S R B ARE S A L, S RIS B R, A AR 800°CH: 2 B Ryl B N R4 s
OB SR i A & rE — AN S S B R SR, M RS SR ZE P iR AR PR T
K ZHN A, s amiis. Embrmi 8k ge e 2 R E S — AU AE =R
B M1 Ti38V15Nb23HF24 M Sl & & %t R, Wi 78 HAE S S A [FREE T (1 S A AT o - 45 SRR B
MR FECT 1000°CHT, MEES Sl & SR ST s — Z 80 A S, A2 T d/ N R EF 7 AL
A i SORH e P — B SR AR ), (S A AR R BN s T A =T 1000°CHY, V205 2 ME A% AL
Yk, R E R B A KRR AL, XAMTEREE TRIERAEMAY 8, SEEEER
ZUREIN, M R A e N AR SRR HO2 AR KA. B I X EHIR HFO2 A Kaum i g¢, &I HFO2
FEENTIERET (-100) ST MBI ALK . ZTFFERE, 12X S04 4 1E 1000°CLL L
SRS Z B R S B PURA M 2R AR 2, O R R PR R A S m i A R S T
L

D03-154
o Ak A FELRR FH AR AR AR0K KA R ) 2
s>
Hh ERE A B T B BHEOR 5 T RERE T

5G IEINFI R EAT T AR T m TR Sk, DN R. SRR E SRR
(RN A N RN 1Y s b < 39T T K v w7/ P 02 9 N W2 S 2 o A A 02 O
FHERAUK SRR, FENE SR R SRR, B T 252 AL TENTF; i
R AP IS BB R KT 18 G 0 8 T 255 TR0 i PR AR JE 9K b o SRR ) 46 AR 31 2 00
B

A TAEH S = A K R R R, TR T B S AR SR & Sk, sl =554k
1E3R1G 1 B 180 emulg FIZAK L BN AR s B0 BLAT vy ot s R A PR oK ok A, B9 7K 71 (~20 MPa)
A 75 B B R 1) 7 2 R R S R L R AR ST . WG PERE RS AR, TR R AT DL T A
JEi% (1100 MPa) JEHilFIRGERY T BFFL T 2R a2 B MR IR R 22 BRI RE MR, TERR T oA B 90Kk
JBERIA SR, A RMPEIC T Wk S IaRE:  BhAk, O T S USSR RN R, B O 2 it R T B
o FE R i ~280-390 nH/mm? IS M FELRE AL 45 F I FEURR Y 10 1), DC-DC B: g8 SEliiE s,
JERASTE PRI S RS T o RS R R R E

BB 25 B S B 2 B I 31 4k

D03-155
FARBEE SRR AERIR LR EREREE
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op

&

Y VE) e
RE R

R - RIS S R R KRB AR B . K HIVA B8 T AR AN B B SR e e, VR i 7 i)
AREH 2R AR 2 0E. R, 5EA BRSSP, JE RS S i E R A B
HEREMAEE S 2, BONZIM R REHA 7S B OIS AR ] BAAER T IR R i & & 3R T Ik
BE 1 BERAS B MRS T TR T RAIF A TAE[L,2]. #3456/ BAEMER I S )7 2R o &
W+ &R I IE-E A SR S E SRR . ST 2S8R NEANEILR AR, X Rk XU 5%
B-E A B E T TR R A e, SRR T 44%, BEYEARTE LT E R IERE S E)
70%LL 1, FTHE T AE A SR E A M RHC A7 LE (1 50 5 - 28 F AU 1) . T ROW R 1854 b, FR
AT B T — R TR G P A (NOH) K 533 5e A BAE F I AL AL AN BIbL i . B R 4K X
B ES- S E S REARIR N R B BB AT MRS AR e, BLAE 5 T AMiidn 40~ BA 18.7
Jkg-1K-1 (I ERERAE (-ASM), FHETIERTAE fHE R 1 105.5%, FH 72 Harded & &2 &4k R
B KB [3]e A TAEFRAF AL T M5 28-S ) 1k 21 A S T AR i & S VR A4 7S FH (O M B3, AT
R EAGN TSI E R RGP R A T e RHR AL T RLE 1R S

2253k
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D03-156
CoFeSiB Jkdh & 4 4L RN EN I 2 & 7R Bl R REAT A
Redirpr. BN XIS AR
R RHCK

AR B IR BRI R b i, #1146 T Co68.15Fe4.35Si12.25B15.25 AEdh &4 4r 4k, HF L
MRR AN E AL R T2, 4 T Co68.15Fe4.35Si12.25B15.25 Ik & 4 £ 4l s IR W fIg 5 S A k). 7E Uk
BIEGZAT, BER T ARFAEARFS L (30%. 40%. 50%H1 60%) . £F4EHLA (0°. 15°F1 30°) FILF
YEIAR (HZIEAIETZIE) ARG S A 4E R U e 2 A A B Rl e AT o i R4 it 28 St
JNE (1) P 447 1ok R AR R UG RIRB R 5 it T R, W€ T 2 &M B A AR R B = S L3

I DSC Z# i SAMEEME T ARG EIL T 208, 25°CHHF FERIR 24 /NS, LA 5°C/min (1)
IAGERIIAZE 125°CHHE 4 /. RR T AR S S 4 M e E A MRS & T2, EHEfRESIE
GAtEOL T, B YEIARFR 5t 30%19 N2 40% 514 % 60%, H-A PRI R CFE H 0.44 St
% 0.46 j5F% % 0.28; LUEEE SEA i HH 34.79 J/g /et & 41.20 J/g JG /MBI 22.51 3/g. & 439 N 4EEL A v]
DIPE R S G AR SEA FI CFE, [l 41 4EHX A H 0°34 I 15° 3 N £ 30°, =AM KHE CFE tAHMN 1 0.46
4 hn#) 0.60 FFIEINE] 0.79; SEA W R 5eHGINGR/NP#S, Sl 41.2)/g H4 N3 44.460/g J5 4% % 39.70/g.
CTAETAR B AR G 0 1 B 5 1) SEA R CFE, IESZ LT 4ERE b S-V30 1) SEA Al CFE 435124 57.8 J/g 11 0.71,
Lb B AT 4ERE i V30 4331 i H 66% A1 42%.

TEWERS T RILT AR A0 B 1 & R R, BRE S — i 7 59— I i3 A iR
B 1 £ YA A AR TR 3 R s ) R PR A 2 A N0 A e 2l ) s 40 2 A RV 170 BY 1) g B 2 4 AR T 3 )
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PERIRIBOA . seAh, EEAPRERERE RSO 3 ORI T5 i Bl A RS s FEARATE
PYEEMLTE: PR . PRIk IR 4RSS . AR,

D03-157
L21 MR R & S R B4
FHERED2SL MRt KR L SRERAN T EBF L EKME L. kg
1. AESRHS R AN R IL I HOR P [F] BB A0, B3, 100083
2. MEHER TREIE SR AE .0, Jbat, 100083
3. W EMEW AR Be B RBT AT, TEFH, 110004

KA EE S 4 (RHEA) BA mlE s AL S IPT b e e, DR G TE W oty e il S FH A LI 5 77 - N2 AL
PHEA L21 458 Heusler £544, n5 BCC AL A, MMiARGRN BCC Ffk, FfFnligm
RHEAs [fEiRtEfE. ARTF B LR AR N 850-880°C I ik i & 45 b R R 7R, 4%
iz SRR B VR R R B A A SO ST AL T R A L21-Ni2TiAl AR AL ) 3
G ER R, TIT M. S AARE . (RS S EREERS TIEE N 6.62 glems, 4
FCHEE N 600.545.5 HV5, Fi/EJmARTRE N 2012.9 MPa, KrZLRi48 N 8.42%. 7£ 850°C A1 1000°C I
JE GRS 2058 1322.2 MPa Fll 783.4 MPa, AHRIIMIZLN AR 53508 14.9% FIKT 50%, 5 CURIEHIH
BHEIE S G S PIFME R RSB A SMH, FIEES/EEIRZE 850°C MR EE Bl N R I H R IF
MIECRRAE o AW FONTE R BA SR B AME RIS S & 44t T BRI T, s N — R HEE LT
TRAWLEIR e B EE L.

D03-158
304 RHRREROCIHEEI T & S8 EH SR 7
TREH B
T

304 ANERAN A LA A RO JE R R . TR AR RE RN DL EALIERE, CA TN T EIT 200, s EH
PERAR AN ZR B A SR A0, (PR 00 21 JURE B AR AN B PR A 2, B A0 1 4% b T S 400 1T 4 4 ) 7
i, DR R A LR I 4 B L BRI 2 o A ORI RO 78 3R TH OB AE. 304 ANEA AN 26 T i) £ 2k
e aiRE, RAIEASRIG BT iE, SEE TZ238 GotThE. IFEEREALHER) XRE
FEREm, RAEHSBRENRERELZSH, FEadMHbEm T 23586 &7
Fe63.3Mn14Si9.1Cr9.8C3.8 H i & & in /2 . EHABRIE W H P M EBEE T Mo Jo &, FHFEMALH T
(Fe63.3Mn14Si9.1Cr9.8C3.8)99Cul &4 4:hih b, WA Mo JuE S &8 1. 3. 5. 7 A1 10at. %6 Xt
(Fe63.3Mn14Si9.1Cr9.8C3.8) 99-x CulMox "l & & i 242 RAMhEFE . i il I B8 14 e 52 i

BT SRR, B CIE BRG] & 2R 0 & SR E IO G Th 2 RS 7 3 P o i 2 o A S LR
MY EAANHRZ =M, AR R T 2SO E0EIh3 1500 W, JAHEEE 4 mm/s, it
BEEE 4 mm.

A FEE &R Mo JTTEBRI, W7 T (Fe63.3Mn14Si9.1Cr9.8C3.8)99-xCu 1Mox(x=0,1,3,5,7 11 10 at.%)
TR G iR E R G ST BEERE R R 24 Mo TTRIRINEILT 7at.%Hi, &2 H 8 FCC 45y
[ AR FH AL . T Mo & &4 10at.%T, iRJZH A2/ 7 BCC A o Ao iR/Z I Ak B2 Mo o3 & 24
I EHES . Hrh Mo & & 10at.%, ¥R/E RAEE )y 527(HV0.1), 22434k 304 ANEEANIT 2.6 fif. 1E
3.5%NaCl #F T, Mo JTE & B Hil1E & 1a Vi [l A Re 4 A R e Rg . RN 1% at. %1 3% at.%Mo Tt &
G, WA R R R PR S, T Mo JUER S E KT 5% at.%ly, IRZINE MR 2 B, Hr,
Mo5 2 ELA i 16 ok e BRI JEF P L 5 B, R IO S O T M B o XPS 20 AR i, i JE3 o
REVAE TR T 2 Mo M Cr (AL PIBHAS T CI-24 . A~ [F] Mo 5 & (Fe63.3Mn14Si9.1Cr9.8C3.8) 99-x CulMo
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X FE SR ZEBA R BEIERE, BB KRB Mo & 211 n 2 s, Hd Mo &=
79 10at.%i} IR = R B BE Bt

D03-159
FeCoMnAIl RE & £ 3Rk RS & SLF B 78
FATA L BFE 2, R, 25 2
1. FEBHEER TR R AR S TAER TR
2. HERRE

MG 0 S D S AR E (M) IRBRI) (He) Al HL B AR T 44 32 KT E . A TARRFSE T
TCR KT FeCoMNAI £ i 1 & 4 IO OU 45 A AV R 1 RE PRS2 A, JRRAE T Bl & ok O 1R Al vk
At WEFCEE RN, M Al/Mn &2 A BT BCC fl B2 WUAHZE M, WERE A S M K Heo
FessCoasMnysAlys il & & B A T RE R RE, Mg 162.77 emulg, H v 2.1 Oe, HEFHZN 324 nQ-cm.
2 660 °C FALELH) FessCoasMnysAlys i & 8 th £ 1 MHz@20 mT (GG HAE N 1208 mWiem®, 14§
o 48 FF1E 100 Oe 4M% FIRFFWILEE I 86 %, HmiM:RERA R M ERE M, 78 25-150°C Ju Bl 4 il 5
RAFFERI BN T 2 %.

D03-160
NiFeCoAl RHH& & B4 BT NMMERRAE
EHx. ET5H
PN

K — R s, AT B AL, GEN —TE R SLNR KALEE, 75 NiFeCoAl R & a:
HHSRAF L3 o L S ) R PRI OB o FAHUR AR B 1) hofg & <6 B G P ) FCC SRR NIAN A ¥ FCC 4
RPBITEALE - BT, GIAKLG FCC ke &5y 1 45 5 A e 4 FRas de H ok S PEREAT AT th oA, R
ZHEIRERTE . 75 1200°CIB K P A S BB 29 700 W7 5 S AN LU B 318 i T hL s B o A
TAEBAT T — A R L ASE MR A S H K, DB B -V P R N A B2 k. eAh, Bt AN
J% I3 BELE R Ni-Fe-Co-Al W<, HAMAE—EXALEE (BIRK) BonmftiismiE, HRfF—Em
B . ARIERGA P2, AINZ R G SR REAF LS BB BRI AL RE -

D03-161
PSRBT I S AT S
BHE. Dl
PRIk

W, JUHREEM BRI TZ, AR LR R h A BB E . B MR ik
B A TR B 5 A Y P ) B O A R, S R TR I . B R BRI — P R e,
K Z 356 EA PG R RE, CHRAK TS GRI. Wha. WS /Rl H2, LERES
MBI REPRBIN, FAT AR E RS ) L ICE IR BT . Oy 7 R I LBk, WFFEAN S T
— RINRPK IR % REIRK TR ESARIG I ERAE 7 ST N IR, PR TR I ARE R % . HL
o, KR TR R AR A SRR P AR R AR FE B AR, FE7K T QG — TR AR . THRIEAR
PO ERE TR, (BRHEE AR PR IR, AR EE R, DL R I AR 2 PR A 221
55 7 EOR R SCRPNT e 8 BRAS T 2O A b, I QR B2 i S VR Ik (A5 e 2] DABEAT S R 2R
W% B, —BOK TP N R B RT3 MR TH N 7iE, Wiy Tk M
g AT AT IR TIT R LA AN AT 575
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SR, FESCPRERVE AR, KR IEEHIE PR B . DK RIIE B, 500 ~ 800 °CHI TAFEE
R L= AR ) VA EE B 2 S EUR B X R B L. RN, fEIES I TAEREE T, AT
—AMIREBUKZE A TR R TR, KEFLRR 4R FEU ) = Redt— 0 A BRIk Ak, B KR
s TAEEINAR e et 22 B . b ™ B E, BRI E N AT IAME DL RS0 48 il
5 K FBLAL (O B0 22 885 T B 2o 432 N DR PR AR i 22 4t B™ B8 1) gl o

WA & 0150z, KNSR —F. SinsE IS AR, IUE SRR AR L
PRl LR A AR GRS AR , HE 4R G IR Sy R i 25 48 DL s i g (M 4EE -+ )
HLE. B, BATEHE, EXM RGN, AT IR T R om e (1)« 384 75 5 itk
i R R E T, HIRERIRE H 28 0-200 °C. fEUIMEARIE TR, ASHEAh, AT AR 7 U0 2
SR AR, WA PTRE B S AR IR AE TR AT AL it A rh AR ANEE o a0, FRATTHLER IR AR (IReAIG-66 °CD
2 [EEHUIE (R fR-100°C) « EE7EABR (BfK-180°C) FIKEKME (HAK-143°C) . i LFTR, Homin
i — B2 PR 2 SRR PA R 3E A T 4 AR, a0 SRIRATAF )t —Fh e IR IR A RO, B N
10 ) AP R 75 R S 4 B 22 PIAT I BOR i 45

it Ee (XRERBED (FN—FhZ MBS EAE, ARG SR MR RIFHUR e,
R PPINE. PUs o7 et AR TESE, SCINZAMRHE Z2 M B RIS IR AR E L. dERE 4
TERBFHREN T HA A TR E AL 28, @ PE AL T R, XAV ILSR 5 & A £ 00 R
FAR IR . HT IR A S R ERBUAR X R EA X AELE, ARSI 275 R X KR B 7k,
MR 2 2 HIERS— i, BN SBERIP R A . B, B AEIRSIE N — P SAR . 2
EEZ, A RO B IR AR I 53 5 4 A A B K Al o

FEATAES, FIHEAEIRSIEOREK . WK, PR A S T IRE T Edn & &Mkl X a7 0
AMUFR TR &S5 R aemEeE, A ER AR A &R 2 R e A Bt
W AE S A & A B HAR . KRG S NI AT IR . 55 WK IR R AL, A IRS)
EEATCITIO0 AL, X0 2 Sk v (iR B A4 20 e I e Re sg e o 1 H, BT MR R — A
YRR, fERERATRE M BN ZEEAN TR ZeRE BB R EFE SR 94%
LI EE (1522 MPa) FIPTasR/E (2930 MPa) , 1ff HUE MRS B0 . X I TAEAUNK T iEE4,
RITH T —BE, mHRAM. RIS A HETA 5 AR AR 25 h IR 25 R S il A R F2 4t 1 ]
1T SR .

D03-162
Ti-Zr-Nb-Ta-Al 8 B R & S EMOI g BRI ERT 7T
B RRR
YR

BIRMEE =0 B e B B AR AR I )12 ke, BT N AT R . SR, AR = A )
FEMEMEE A AR, SEER TS A A0 S IR M ARk TREN A 5 R . A ittt
—FET AL TiZrNbTa0.1AIx (x = 1, 0.2 B MEMS =i &4, B BUE Al SR & =4 St 1 itk
AI3Zr5 [HT Y, 37T 7 BHUII0 T TiZrNbTa0.1A10.2 325 M5 5 05 & 4 (KO 5 K A1 ) 21 g
IFZIR, A R0 T Hgg G JserEat . 38R TiZrNbTa0.1AIL XA m i & 4 B~ 6.11 g/em3 [IRE
J& , L5 20 A0 37 5 (BCC) B VA R SR PR AH L 7R B4 AT H IR RIOR R IR e 1% AIBZrS 4 & IR AL 5 WA
B4R A8 N-20.831 Kd/mol, 47 i AR N 1037 + 178 MPa, JEZ4RYE M~ 6%. BEE Al & &A%,
TiZrNbTa0.1A10.2 & &R & ke H2 w2 1 -4.558 Kd/mol, FHiH 8 1 Itk AI3Zrs &)@ etk &, TE A
BCC 4544, HAR¥F 1~ 6.74 g/cm3 FRIK 35 5 A1 1022 + 51 MPa 1 &1 IR SR, 3 22 1 $2 & IR 48 WL > 70%.
SEEGEE RN, AL Ti-Zr-Nb-Ta-Al &4k R Al 587 LA Z0H 84 4 e 42 8 a6 & A
Migma&MEME. Ak, TiZrNbTa0.1AI10.2 & 455K (1) A i ik B2 880 + 58 MPa, Ffii il fii 5
JE£5 918 + 18 MPa, WiZHiiKF N~ 13%. HE—H, ¥ELHEIESE R TiZrNbTa0.1A10.2 £ 545t 70%74%
TR IR E SR P EELH] (HT + Rolling) £E5y, HABRLEEF 7 840 BCC 458y, HAHELE T4
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RS, JLATH B BN, PR B RN, B IRAS T RS A A RN S SR, A
I 5 55 AR 7 A BIR 55 55 0 Tl 4L 7 T 47.1%F0 53.5%, 1A% T 1294 + 21 MPa 1 1373 + 29 MPa. HT + Rolling
BE T A AL B 5455 T FLHI S AL EE (HT + Rolling + HT) KEfh, HAE BCC JEAAAM T #r it T P gk
IS AHBORL, SEEASFERMARLE, IXEEE BN HT + Rolling + HT A 552k T B b ok, 3L
o7 e IR 5 55 R e AR B 560 43 S IA 1) T 989 + 6 MPa Al 1014 + 27 MPa. AMY ANk, XL/ 5 —AH
FEEC AR S P PR % FEEU# HT + Rolling + HT £ 5 23U KR AR n TR G R B BRI
LK R~ 18%., SLIh 45 L], XF TiZrNbTa0.1A10.2 & 4 (BN T 0] UG B et & & N EE
VERE.

D03-163
BRAE: FRFERKRNILARHEE SRR RS

= Pl

SR L5 VR 2 AL BV AR I P J& R R e e R AR U — N K HIEE R . BT e R AR i & <
WAMGISh . N TR S SRR ANRBE, 7E S e P T K2R O R A R T . SR, T
G IR R IR CRIE R G ST RGN, 10T A7 B E AR S PR A 2 A T AT 1
FEATAES, BATRSE T —Fhuld AEaA T T 200G B 3 & THI 40K 2R S 2 R m i & e A i 7
%o LA ARIER CrMnFeCoNi ARERIAAEL, SR FIMOCIE M IEHORLE o & S H R P B IS IF 4708 T
BENAERRBA . )G, BATRHG B BN A MR RN Sy, il AR e . FIH
AERIRRILST, BATRIR L DU SIS &b . SHEFER, B3R5 7RI RsR R AL 4
LK o IXTE LGS A FE AL BRI O B0 A ROt v 1 R

D03-164
BEERENE BRI BEEE R
MR 5=, R0, S
BRI

BB ZACRA TR, Ko SEERRL . EERIEEY, SRR, FH
HUBRIERE T FEATIN THERZ B3 e BRI, TP — R T 1ok e & IR BB R 2 2R G2, JF HAA
Phlttk . FEXH, ARG T — M S A RSB 7%, W RAE 0.4 B0 G B IE Zr 5 Jm B )
E. AN Zr S SR PR RN IR KR B4k % T H 10024 18N, (HEBALRE F 2ol i P Ik s ik
PG EVREVR R 15,290 58k o TXRIIR O E P SR I G2 P B B 2 M AN B b sl P FR) s IR, X S ALY
X 53 A R TR AR ) SR i A5 A AR A — B X SR IR, A REA B R 2 A B AR v Re 4 R
BERPL 7 — M Rogte, IRt PR T e B BN A AL -

D03-165
T RE ] 25 FL BB R T OV R 1 X6 SR
XIRTE D
RYIK

BT AR T ke 2 5 A4 AR BE T AT GG 7 SEBILPIT 7 Dh e 5 T By BB 3. AR, B o R EE M e 14
FRGERIE Tr ik ok T AME. DRI, I — o £ EL T 48 PO i it SR 0T T 45 B 26 D RE L P PRIl 45 ) 353
BREE, A, TAWR 7 — AR 757%, FIRH ATV S AR/ 9 i SR AR, 72 L
QU] ) 2 LA, R AT e T R s, R AT vk S B RORE B 7 0/ D i SR AR
T T ] 3 8 B A 1) ) 22 FLIBCR R T . e e 8] 9 X BB SORE (R KNI, AT I T 0 4522 FLBBR
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LRI, VO WGBSR K (1°) B B K (142°). EAAE R, 64 102 FLB0E R R L H 525 1ok ah
JEoR T AEK 7 BEAT 5 55 22 RS 5 T BRI ). e B2, IR 1 10 IRlEIEA, BOEER
T AT B K-SRI DI REAR AR e 0, T i 7 FRATT SR RO AV R AT B 2, XM 520 S B IS (R R R D e £t
158 B RAT AR 3@ AR, A RO gk fre i T 1 e

D03-166
AR AL & S ) BN T 3h )1 Rk

BOAR . v it

(i N

e A A < R AR A T B R R R 0 1T 2 e S AR T, S EUE AL, [EIFRAND
1SR RIS, B R AR i & S BRI S L3l 1 2 MR 22 AT AR A A R B A TR
R T mtidE & SIS BN )1 F RS )R EINTERC R o Bl P ERR R34, LR A st 1
S0 7 RO R ARSI, X — RV TG, B S B sthigAtoc. Wk,
BomE REREY B E AL R A4, RS )2 RGE RE 70 A1 o N2 RA St AR St TR N 1) 5 8 st TR 1] S Al /g 2
FEfE (ot RELR AL (P nE AR R L. EAIQERE, iR & &SRS S S 90K R
MR IWORES A IV R BRI S . 8%, BOBRshAEae 5 L2 RS AR SIS xR, =
W TR PR B B SR T B S RIS, SR S e A g in. w7tk Il shaAARSSItEm i 5
XL I 1) RUBE B FERE S AR S A AH XS DTk 5 B AR AR ARG . EAh, LR S Bl 7122 AT e
K PR R SR E AR, RN T RA S B 1 AT e — A U IR bR, R T RAL SR AR G A
SRR . B ITAE N RBARS & &3l 1M 2 GUR AT Fe iR gt 1R B K

D03-167
[SYGE TR Gilibpese S FiZ R
B>, H—3XK, BT
EE R

AL A (Polyamorphic Transition, fEiFR PT) & —Fl i F74E T BRI R (3 42,
A RO B IS SRR RESRAE T — AR E R IRNER PT X T4 R B B BN L] S 45 )
FRrE A EENRIE R XSS HMME. RS dEmEE&AmA+, PT E% 2UHE RN —SAHRRE. 175
ARG, FATEIRE SR AR T A S G R b B — Rk Z — ZR AR O S AR R S 2 R AR
(Continuous PT, f&#% CPT) o IXFWMURFIT CPT 47 Jy LA 5145 1 (1324 S J6 A0 F0 6 I P 189 0 1A 1 232 R A
FESRHREAE , T A B PR AR RO B8 B () U B A8 4K, 385 CPT W 2 A2 — ZR 51 B 40 AH [ L 45 R e A 5] (R B R
N TSRS M BRI HE AR AR SR AL TR B A k. AR AT Landau BRI RS XT1Z IS
BEATHER, RIS DA BURS X CPT A1 A5 ) A5 347 0 i ie

D03-168
TiB2 ARG RN FEE. RERERESRE LG MEE SR
>
iR

NFRARE SR ERE, E A4 (HEAS) KIS B T &Rk &M RS, WK T sidE
(A6 E ) (HEIMS) FFRATAE s i 8 TR AL & 05 5 G PR (HEIMCs) o ANHIF FEid i K48 55 B 1 45 (SPS)
Fi AR IN G T — Mo B 5 R ) TiB2 99K JURL ) Ni-43.9Co-22.4Fe-8.8A1-10.7Ti-11.7B-2.5
HEIMCs. Fif8 2" HEIMCs Hebf B 1) L12 58 1) 4 8 a1k &R (N, Co, Fe)3(Al, Ti, Fe) LN
JTEHELER (HCP) 1) TiB2 oK &5 /3G oA, I 5mAH-F 5 R~ 28.05£0.13 nm. 1T L12 &J& AL &Y
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FEAR B[ A v o LA TiB2 M9 ) 7 570 Afi, HEIMCs &I 125 1.4 GPa KL HiHi s B . A48 i) TiB2
ZRARIORLLE FEL B 2 S0 1 A0 -5 JURE St T ) Ry I 1 9 o P R 4 O TR 2 1 Q8RS - 75 HEIMCs i
KB TARFIRTE R Fi, HoP P TEREAE 5-10nm Y A, R SE SR T RN ik 28 AR TR I F) N AR A3
fIBES o ASHIEFTHI %) HEIMCs SOl 1A% G0 i AL Sl W AFE R BRE,  JFSR 0t e G o B A AE ek
AT IX TR TS RAT BN T A S A SR RE Y SR A G 51 Y] HEIMCs S2015I5 B ) REL %6 -

D03-169
e BRI S LA RE AR R 5L
BN

AR IR

HT TR A SR HESUAN L T 5K UL B A A 7 R AR A, AR S e B e i A R AT 91
AELFHVERE . SRS VEIVMEALTR, FIRT R 2 Bt — D T A AR RS 32 BIBR M, Al o3 X B ke
I . Haitl, A TRAVEREEAR W-0K R a SN I R, @ W2 R R-20K B ikt #
AN A iR S T 45 A (R P i B R St e I A 57 A SR 1, S S A -9 oK i 5T 45 ) 5 255t
S AT BE IR RR 2 o IXERZE FUIE R T8I (8] 23 & AR -2k S A5 M BEA B IR R & S E, N
Hoik— I R ML R ISR AL R 2

D03-170
The high performance of low melting entropy principle in designing metallic glasses of Cu-Zr-Ti
Benke Huo' Ji Wang',Zijing Li% Zhengqing Cai',Bingtao Wang",Shidong Feng", Yanhui Zhang®,Limin Wang**
1. Yanshan University
2. LRI G Jb A A MR B S0 =, b2 5L 066004

Recently, we proposed a new strategy for designing glassy alloys based on the thermodynamic melting
entropy, in which, binary alloys are selected as the initial components according to the principle of low melting
entropy, and the melting entropy is employed to balance the proportion of these initial components and then a
specific composition is reached. In this study, the influence of the low melting entropy in glass formation was
re-evaluated through a comprehensive analysis of the Cu-Zr-Ti alloys. The binary alloys at eutectic points and
stoichiometric compounds of Cu-Zr and Cu-Ti were selected, including: CusggZrsi», CuseZras, CuUgseZrss.a,
Cuge.6Zr73.4, CUsgeZrsg, CuygZry, CuZry, Cu7zs5Tizes, CUsseTises, CusTiy, CuseTisg, and CuTip. The homogeneous
alloys were prepared tho arc-melting the mixtures of high purity elements (>4N) five times. The melting
behaviors of the as-cast samples were tested using a high-temperature differential calorimeter (NETZSCH DSC
449C) at a fixed heating rate of 5 K/min. The melting points, Tm, and melting enthalpy, AHy,, of the samples were
collected from the DSC traces, and the entropy of melting, ASy, = AH,/Tm, was calculated. The glass formability
of the binary alloys was analyzed by the variable speed ribbon casting and X-ray diffraction (XRD). The study
results show that the critical spinning speed, R,.c, of the eutectic alloys, CusggZrs1 2, CusgZrss, ClsgZlss4, and
Cuye6Zr734 are ~20, ~20, ~30, and ~50 m/s, the values of R,.. of stoichiometric compounds CuseZrsg, CueZr7, and
CuZr, are ~10, ~25, and ~45 m/s, respectively. In the Cu-Zr systems, the stoichiometric compound, CuseZrso, has
the lowest entropy of melting (AS,, = 5.93 J/mol-K) and the optimal glass formation ability (GFA). In the Cu-Ti
systems, the Ry value of the eutectic alloy, Cu;35Tiogs, and the stoichiometric compound CusTi, are about 40 m/s
and 60 m/s, respectively, while the alloys, CusseTises, CusoTisg, and CuTi, could not be quenced into glassy
phases in our lab condition, indicating their poorest glass formability. The eutectic alloy, Cus35Tizs s, €xhibits the
optimal glass formability and the lowest entropy of melting (8.04 J/mol-K) among the systems with same
elements. Based on the low melting entropy design strategy, CusoZrs and CuzsTises were used as the initial
components for designing ternary alloys. According to the leverage principle conducted on melting entropy, the
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proportion of the two components were determined and the ternary alloy was reached as Cusg ggZr2g75 Ti11.26. It iS
inspiring that this composition is quite close to reported optimal glass forming system, CugyZrsoTiyg, both the two
alloys can be cast into full glassy rods with a diameter of 4 mm. Four points in this study are highlighted: the
positive influence of low melting entropy on glass formation is reinforced; the design of glassy alloys with
stoichiometric compounds challenges the traditional cognition on the correlation of compounds and glass
formation; a design scheme for metallic glasses is proposed conducted on melting entropy, in which no
"trial-and-error" work involved, this study throw new insight on the thermodynamics of glass formation.

D03-171
FeCoMoBCu BkEALREERIEH . MFMBLEIERR
PO H e, BB Beft. £, g
HRAGE K

BRILAR A B SR A UK L & B B AT IRAR, PUE 1 AR S-20K XU R & SR R B, T T
FESUT AR R AR S-SR AT . AU AER] A AR S PR HLE % T R N
(Fe1.xC0y)79M019B1oCu; (x=0, 0.1, 0.2, 0.25, 0.3, 0.4, 0.5, 0.75, 1) RyA& 41, FAEHT T AR Co & EEk
WA SN IERBEEERE . BT FeCoMoBCuU & 4k & BAT Br (AR I iihE 71, JLARVES 41
W RAE A . BEE Co JUR SR, WIKSIREREA A (~450°C) , 1fif Z KL BE A 750°C
(x=0) PE(KZE 550°C (x=1) , HIEd&EE&MRBuEaelE Co & a4 —8. Co MM Fe TR FHEEMR
< B AR AR 588 P S 38 K5 IRl 56 R R - it 4 Fe-Co & <P 1 IR T A REAN /7 ) 22 fh
#, HY x=0.3 &4 BA RS (~120 A-mPlkg) - B Co TC& Al i35 5215 FeroM01oB1oCuy
JEdi & a0 BIR A RS AL R, IR D> BB AR AR (~1.4vol.%) I AT R,
EEM Co iR A SMREW IREIERE &R AR MNP BAREXE (5200°0) , 3Tk E BR
FEVR IR B K i B iR R A RO e —»

D03-172
Ti-Zr-Hf-Nb-Ta RMEBE R H & & 12 SEBE R
FAE*, Bk, fhFEE
RSB A

PLZ Fon. IESEET LA R i & B BOR B PR B R 77 Ti-Zr-Hf-Nb-Ta 14 R 1A =
& aR BRI TN E=REMNZR 2 KE. AR REN %k R ¥4 BCC 4MMNEE&RE& RN
FEARIR N AP IE M, SRS S BT RE DK, 7R RS IR TG NSZE I B . ik — 204, @& BCC
fR R S P AR 2R AR 1 R BB PE (Twinning-induced plasticity) LA, MG RIEHE & TiZrHEND & 4 76 B AT
N HINARREAL RIS SR T Sy AE Ti-Zr-Hf-Nb-Ta & &k R4, #AH BCC IR/ il A i A% XU
BCC FlfEtt o I H 2 S A S =EMME RS, Kk, BCC A E M RIS ERE
K. E, WFRERY TiZrHfNbTa Sl & & B ROt EE M, HARSEM G X B Re 8 IR EFfa e
[FIEAAH BCC 45, M T LL TiZrHfNbTa MR MRS i & & B & TREN W /7.

D03-173
MAHIE S = & e R RS AR A AT A
¥z WEA. A
TRt B T

G F SR AT N AR PE S B BB R, AR SC B FERE U 2% B 2 AR AR SR A R) X Bl (1)
SRS MIFNAT A, FRATIHGE T idit 1% 82 AICoCrFeNi, o 5 i =i & & BT sk 3 1) L12-L1,, B2-B2, L1,-B2 =¥
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SR A AT . B, T IR S R SR, FE LU, SR hE I T R R i sl &
Hafs. MR, BT TR, B2-B2 FHi ) LT B0A KA S A A, HOERTREE TR
T L1 #iA1 B2 AR Z 2S5, £ L1-B2 Sl RAE L1, M4 1 3hA A b, X255 i
ERGE T A CER Y. 746, BRI e ISR R, FEIER S I ML L T AR
Hrit i) B2, AH. B2, AHFIAT AR 13 8 Ni, Al TR, 3ER T LI AP AL, i B v SR B kL
IR IR RO 1R Al 1 I E B2, AR Zener £THLAONL. 3XFf B2, MHAIETFLAE T K oo 2 2218 5 HIOK N 7T g
ST L1-L1, SR KR Zh A A AT . AN TOE BT EAR 2 A i S SR S TAT N, IR
AR EIREIR . ST H AR R 0 S E AL H B S A TR AR,

D03-174
HTBRES R BHPKLH IS HRIHEZAN
bR, B
I"RBRYIK

NRETIF R — RIFESNERIB T AT HAT R 2RSS MU AL N, ik, RORAUKESE. It
RMMINLa NAE LTIt S REIERE . WA DN S0z N o 0k, BRFCETF R T %A A KB 5k
g, FLrb 2 R RO G BR BN A — R W 5] I e . (HR 2 B IREN LS N A 5
IEFIBRACKE SR R R, SEOLAMIAR MR AT BRI 2, AR PR T HAE A SRR T o AT
PE2E T RO SR SR 2 SR, M I & SR AT 1 AR B S e PR R A MR A e Lo N 4
FA R SR ANAE AR 25 7] B A1) Mg B B R BB K 2 5 SR Ak gl (PHAD 4SS, Hil& A
A Z AR FEZ S LS N o TR ZLAMNOEIR T, RO B PHA 2 FLE5 /A Mg 25 )5
BEIBANK LRI J=y B0 10 55 28 T AR IR M B R CRDGRERE AL N INRE, FE/KIE MR 5K 71 22 AT #E 7K T
RPN i (AT R 4O TR A 2.0 Wiem? i, HLAS A FRIE B AT ik 9.91 mmis. 3@t JE 1
BB AAFICLE, ATSeBAEKi BT e R okiash, WitE L. e, Wi s Rz shs. AT
VRS ) ZE AR 2 T B A O SO s A& 7 AR IR A I . 25 Wz S AN AR W B2 2212 W A SIS B A T il 14
o2 FH AT

D03-175
Al FTTERX Ti-V-Zr-Nb-Al RS R &SRR 1R B L sRp R
BEHAAS . Rid ke
R R

K037 (BCC) Hilmiia < (MEAHEA) HURE UL R IERRVEMR, 1 H i &H KEMERE T
=, W E R AU T — RIUARE Al TR E B Ti-V-Zr-Nb-Al B RS =i & 5 (LHEAS) ,
TR HOWEH . 1A PR RE A BRI REEAT T RGIWT T GRRY], INRcR G, &EREw RS
— 11 BCC [ ALK, BoA B RIAR 2. BARG BRI 352 HV HEINEIZ) 430 HV, {HALfi
IEFRPERN G R, — 7, AR N R R AR R T 5 AR T L (E A A AR SR. 37, L
PR RE I ™ S A P RS FH T LT B A 25 (GNDs)  [138/b o BRAREB I I B T PR BE 5 R 4L
E& SR BRI T o £E Ti-V-Zr-Nb-Al £ Li0a & RGPl IR INE R 1 Al TR AT U4 4
M2, RS BB ML TR ISGE -

D03-176
BRI 2 Tok A SR SR Wit
HfExt, 2588 1. Chan-Hung SHEK?
1. bR MR R
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o

2. FIEHINT R

% JUEkIE & 8 B P PURE A% SR BUBO T I B ORI —, AR RERI AL B X TR R M RE TG A%
IREAT B S MR Sl Sms e BoA 2R RV RE ARV & SRR AR AR 2 B PR R
AT FUIR A 2 ek A B e A A AR L 755K, Bt S Xl R AL AL T SR AT S BN 2 Te ik At
B2 WS HER TN B> HARTERERI PRI BETTH AL 24> HARTERERT B R PL AL BE T I
FATFR T — BRI VAR INE RENE (Bt FEMAIREAL (Ms) R E (H) Z IRIEAT f5e AR AL o
I IR & 2 > B R SR PR A E i & < (HEAS) K Ms Al H, - 3 5 3 T U iR B RFIE ST AN B 3R
PACTLTIE BE - RETT, 22T Fr it 2 AR IE R R SR\ E 8, 5152 B,
R T HAEE IR RIT AR H L, BA IR T 2R s e 2 ok S &

D03-177
BIAE S R & AR Rk
e
e[S e TS

Elastic stability is the basis for understanding structural responses to external stimuli in crystalline solids,
including melting, incipient plasticity and fracture. In this work, elastic stability is investigated in a series of
high-entropy alloys (HEAS) using in situ mechanical tests and atomic-resolution characterization in transmission
electron microscopy. Under tensile loading, the HEA lattices are observed to undergo a sudden loss of ordering as
the elastic strain reached ~10%. Such elastic strain-induced amorphization stands in intrinsic contrast to
previously reported dislocation-mediated elastic instability and defect accumulation-mediated amorphization,
introducing a form of elastic instability. Together with the first principle calculations and atomic-resolution
chemical mapping, we identify that the elastic strain-induced amorphization is closely related to the depressed
dislocation nucleation due to the local atomic environment inhomogeneity of HEAs. Our findings provide insights
for the understanding of the fundamental nature of physical mechanical phenomena like elastic instability and
incipient plasticity.

D03-178
EAE A kY R (35
F 7>
TR BEAR S TR T

Non-exponential relaxations are universal characteristics for glassy materials. There is a well-known
hypothesis that non-exponential relaxation peaks are composed of a series of exponential events, which have not
been verified. We discover the exponential relaxation events in metallic glasses and organic glasses using a
high-precision nanocalorimetry. The relaxation peaks can be fitted by the exponential Debye function with a
single activation energy. We obtain the complete spectrum of the exponential relaxation peaks over a wide
temperature range from 0.63Tg to 1.03Tg, which provides solid evidence that non-exponential relaxation peaks
can be decomposed into exponential relaxation units. Furthermore, the interaction between different relaxuns are
studied. These results open a door for developing the thermodynamics of non-equilibrium physics and for
precisely modulating the properties of glasses by controlling the relaxation modes.

References:
L.J. Song, J.T. Huo*, J.Q. Wang*, et al. PNAS 120, e2302776120 (2023)
J.N. Wang, L.J. Song*, J.Q. Wang*, et al. Science China Mater. 66, 3706 (2023).
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D03-179
FT A BT E R AR R A S A B R B A
R, 52
1. MR
2. REHT R

eSS E A SRR R SRR T A ZIEE, AEBRN T —REREEMEL, o AT, BHaTHEE
TG SR HNIG G — RIBRAH R SR 2 8. B, S NbMoTaW FMENS = i & S A7 7 i 3 1 =
TRMEYE ], AR T TR A Hk, JiE TiZrHfNbTa RAEE & R & 4 7E 600—1000 °C 540 fiF, FIH
WM IR AR E M. 0 R A, ASCE 7E R A B TR (CALPHAD) SEIME A 5 6 4 10 1 3 e v Fl
PEREMAL, RIS RAE T BRSO S & S TR S 54T R LSRR, DU AN
A A R A MR AT ) T RE LR F B4 5 B R R S LAt o
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3d IR R A S R LB I
& B

TR

5 BRI M A AR T8 CoCrFeNi R &4 (HEA) MM HiGE /ERL B AR TR EA
W IR T 77, Rk 5 HEA BRBASI e 29 7 TN A TAEFF T A RNR KIERE T C A
i % CoCrFeNiMn & & IO AL 23384k I s i LB, S5 53R 11, 48 500 A 700 °CiB/KJ5 HEA BB A&
25, HEARARHT T “S0R 9K S MoaCo 1AL 900 °CiB K5 HEA Cl5e 4 Fi4s i, Btk b K&
WKL M23C6 TrRAPIRRL . J55 il H Ak 22 R S5 R R B, 900 °CiB kI 1 HEA it . X HEA il
HEAT IR S, 456 SEM FI EBSD 43 B AS[FIBS 1] N HEA R THIJE P X 1R s i sl 45 R R ARIE, R IA
5L HEA [ S B I A8 25 i, 500 A1 700 °CIE K HEA (1) s ity TSR 4K 9% MosCe B4L 4, 900 °C
IBK HEA FEAR T H BITOR L MosCo BRALI AN 22 51 HE HEA RITHHGAE

D03-181
F AR AR/ 2 2 AT R R PR RE R RIS BT BT T
XIS FhEE*. R
bR

1% AR S N HEAE 9 AR SR BEUR i) LA w5 58 ST o e R 18 14 MR S5 A AR T AT IR AR A
[ o ABIF TE R FH WA RS R A 8 7 — s A b/ A 22 2 A ), R R i o0 2 F T h i I
HBBAT NN M SRIM BHLIFTRT, 5 5E ) 2 J2 45K REAT 28 T I 40t £ RO E e S8 B IR
X 2 RIS RO e ot 14 IR S, B PN S XS AT S SN S5 f 1 S Bl B 2 W A LR R R 2 R
KA, SEERKEMA, BREZRENE SRS, FRKEMITRE . SR T R
XIFE AR RS FEREAT 0, 25 RERWIIR AR & PR R TR A, Ty IR, APk i
REE I . A Bh AR SR FUAR IR AT R ) 1 22 PR REAR AL, A BILER AT 51 2 2 A L AL I 5
Hf L e KA KR 21.8% o ASHIE TE45 AR AR &/ 1A 5 T 1) 51 N TS0 A 4 B S T A SEBILAT 28
BEAEH], REMR mAR AR I e S BE MR RE o IX e R IR A AR s W HE rh A e 4 R 5 A AR T AN S AT
Rl R A TR BT
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D03-182
[l e e s
R BRET. Sk

RYIK

I E e m T AR 2R SRR M2 B Z M )ik IR, R EIRME SR
OISR T V- AR BB AR IR, I MRS AN R TE e 25 18] ) 2 B B AR AN S BRSO A
FRERAE TR, T B ey se A LR R RE R R B SRR T Rng AR, AR, H RTTR RIZEAR
WA A —, (AR AEBESET 30 T HARAS R S BB MPERER TR . XL, JRATHRE
T M M PR S O R B - DO AR 50, PR DR MARRES BRI R B T B R T, A
Y-Ni-Al &g, AT A RIS D775, 7RSI HARARRN R, A 1s BT R BOH-BOR AL, SRR
(158 —AHBOE . 22D, BATABERBRBACIRIAE T, 8P IR MR AT DL - B A . — i
KU, EMBIRAGRE T, JR T2aRE 0 B T, SO BT — MR LR GRS, SiH A RE 2 50w,
PR T AR A IR N S-S AR T FU A . SE R, B A AR P AL A5 AR TR ) S e
FSEIL T EORIRTE, HS R R ORIRT 1 ~63%, JEARGEREE S 1 ~47%, BERZECARTT 1 ~38%. {F R
b, 200 7 BA T BERAACEZACH) AR, LR R R DGR R T 60% A . BRIUL, B IRIE TR
R BIE 1 APERE R EORIRTHIE S, S5 D0 280 T34 B AREALH H SRBEAE 2 o IX TR S A O BE AR
- BRI R AR LA S A BTN , O OGRS < AR RETT RE T 3T HOTE RS

D03-183
—FMRRRE & AT, RENF 73R SR i B
Yanju Hui. Kang Sun*. HZ %%
Institute of Materials, Shanghai University, Shanghai 200444, China

AW RS & @B (FE MgZnCa & ISR R IR INM LI REC (YD MEL (Gd) D MG
T2, BUErE & 7 AR R S N, B LR AR S A B . Y AT Gd JTER
IR i 7 By 5t LA R . MoZnCaY  JRAE B IR BE 42 R B i BE A 7 TR ) ) 2y -
FLEERARW], YIGd JCER BTSN I 4G 02 2 18] A S Ao 2 52 SRR R B oK 4% MgZnCa AR fIRZ
RPR 1 o X S8 T R THDRE FE AN HT R 38 - MgZnCaGd 5 45 HH 1 19 b 2 T2 15 45 288 R S A BB 40 R B 47
77, MgZnCaY dRfn e & RILHRE IR, B Y0, AR St 1A, [R5 1 i
BEME. BEAh, JpmAPEREMIAR YT, W eI & 7SR R AL, RN ORER 7 BTN, X
e ACL AWM . SR LFPEREN — R R B X TARA AUhalE 17— Fiih
RN T, 20 i B A AU B 1k BE RO S S AR G, A S p R R T e P SR At 138
FRIRFIHAR .

D03-184
Btk R BB K BY VIR Byl 57 B8] (L
sk, EE. FRERE
PN e N

Btk & 8 B3 (BMG) & — Rl LA JURE 1 2 M RE MR L & 4, HAABTEMSS B . e 2L+
o, BMG B HEASTENLEIAS 2 T T2 B9 . BP0 AR X (STZ)% T2 BMG A nf i AR 225G B 2L
STZ (RS FHEE AL AE BY U7 S AR I g 2 B h ke A B E o OB T S R B g 1) RAR G-, T LA
I G RS EIE AR STZ IR/ o I 9K IR AR, T2 7R AN R A BRI Fh S IR A B Hp AN [F]
EERE) BMG 5 IS EGAT 1) 2 M5 N T i BMG RO AR AT R, V)7 ZiEd
MR IR B SR S
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AFTFEAL, BMG HUfR 74 TR AL B (CTCYR A 2 N AT, I HUAT AR E AR B SR 250 L s 4 2
Pk, W PUEEAFK CTC IREGRAS Zr B BMG T HA ANFENHC ARG, DL TR R . JE
o B AR P M GE T M T SR IR S R B R BT IR (B 33 IR 2 T, MARZRIER R P A
WAARUE . SRJE, FT LATS R A B B K B I8 7 PR3 el R 5 KB U7 3 4 s 57 R0 A I 2 3 A AR 884
T8N o GBI SR8 RIS TR HEN . [FIE, PABIERAEUE 4SS 1 — RIIK T &R BIE(MG) i
KBTI ) ) S BRAE S AR RTFE, FRR MRt B = A& %6 AF . 85—, MG Rl dikm Ak
IR 5 MR AON BAT IR f T AR A 1 s 55 =, ARLRIERIR I Al B 5T — B 22 BUAOR A o o

D03-185
AR5 [E] V3 8 B ) TR R A o M 3 TR BT
BEL Fglx. wEsE
b Tl K

TEIE T B, LA SITERAP R T 5 TS 3 7 sl R . SR, TN e i A T TG BR A A i
BAy 2 ], R RSS2 215068 BT A ] BE A AORHEEAT 1 170 et S 70 SR T I PR B o ORI T 3 g 18 1 5
WS TR, A8 N T A A R PR e IO % AL 153 A% BEAE N I R VR, AR TR AR SR AE R A 45 58
JEPER IR R SR, Az BB ¥ 5 BR P TE T A TSI AT 20 10 20 A R AT 25 2], TRIEAS REAR U L ER
AR FGHAR . A2, B A REE ] DLUE A FE A G BE N UPE = A B A RE, BET R A
A AR 2 T R E AR E . Rk, ot B B S R BT A R AR — TR B PR -

RTAERRE T — A R R AESE, DARFS RN S, S5A A0 e R e kU, PRaE
A HERS = 456 4 (RHEAS) (1) sl e IR B . 15, FRATASCHER P42 EL S B 325058 /8 7 RHEAS 7& 1000 °C
N ARG, DL AR A S AU R I IR R R TR . R Pearson A5G S b AT [P
PIRRTFIHIE S, M 62 NIEAIIRFFhHE T 14 AN vl RERSI H bn @ PR SR 15 748 2 5 F
MFFS EAB AR E 7T — MR AR, BEARRR TGRS mib e IR R A DG, HR H—Fh
RARTE 1%L B 44K R (V-Ti-Mo-Nb-2Zr) . ik B A ia & U2 A 2L AT & i AR P i & 4, FERIA
ifly s P B ) 80P BRSO R VR 0 5 A A BRI B G R AT S IR IR IE o K S IR 4 IR R R B A A 5, kAT
WA . &t 4 WkAR, BATEIRT 21 A 4. ML THIaEdRESE, Hrd 12 o400 b Jm ARG 15 51
TRTF, AWAEEMIEREN T 110 MPa/(giem®), HLC3RkiE 1B BCC RHEAS #25~32%., 245t s
DRANES T, B & 4P RS A0 5 T U5 DR 58 R PR 2205 0 PR it b MR A2 P R 484

D03-186
HET IR TR BT s B EHR AL S R A DU
Syer, SR, A4, Al Hamid, ERFE, KDL, FMET
H K

A ST G T AR Z EAR M SEIG B ZORTZ I M i & e TR H R A SR B AR FTE
WAZE, BERHFARZEU AN ERGE GRBMED PR R I122 B ms Ry ,
B B RERW RSO, G54 L AR AR RN, PERE B RIRSRINAOND , AR 2 AE, R B
e (RIBAEL IS5 5 TERE R R FULIRA 7870, JUH RSk Z 2 T B BT (10 E B AR AL RAL .
CIEXT R & CRliidteb) BTH SRty UR 7 RENUR G itEse, sibr b, XIFABPERA ., BOAE
BT AR T RSN s B S5 L2257, DA A PR AN (RIS R 2, 0 AN [FL R SR 10 7 R R AN
[FI RS AL A B8 5 L AT N RO . AN BRI B, S BOM RIS SPERE TN LR 2 (W 22, iR
TR G ST TR . AR R R G e TR OCIREEAT IRV, SRR & L AT Ik TT AR s ZE A B
Py TREMBIA, 1 S 2R ool e 0 A e DY R R 8 A AN R AL TN R A . BA B U 5 R
BB RS b T HUNBORTE N F et SEIRHOR, HEAT T SEVEIGIE .
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D03-187
Phase stability, magnetic ordering, and exceptional mechanical properties of FCC complex alloys under
extreme environments
Li Zhu*,Yuemin MA',Muhammad Naeem™? Haiyan HE"? Xun-Li WANG*!
1. FHEIT R
2. AR
3. KX K+

Neutron scattering is a powerful technique to determine the structure and dynamics of a material, which in
turn determines the properties of the material. Here, we reported two examples. The first example is the 316L
stainless steel showing an extraordinary work-hardening rate of ~7 GPa at 15 K. Detailed analyses of the in-situ
neutron diffraction results revealed that the major contribution to the excellent strength and ductility comes from
the transformation-induced plasticity effect, introduced by the austenite-to-martensite (y-to-a') phase transition.
During plastic deformation, the volume-fraction weighted phase stress and stress contribution from the
o'-martensite increase significantly. The neutron diffraction data further suggest that the y-to-a’ phase
transformation was mediated by the e-martensite, as evidenced by the concurrent decline of the € phase with the y
phase. This study sheds light on the extraordinary work-hardening effect due to phase transformation, which will
provide guidance in the design of complex alloys.

The second example is associated with the CrMnFeCoNi high-entropy alloy, known as Cantor alloy. By
using elastic and inelastic neutron scattering, we demonstrated conclusive evidence of antiferromagnetic order
below a Néel temperature TN ~80 K and strong spin fluctuations persisting to room temperature. Despite the
chemical complexity, the magnetic structure in CrMnFeCoNi can be described as y-Mn-like, with the magnetic
moments confined in alternating (001) planes and pointing towards the <111> direction. Combined with
first-principles calculation results, it is shown that the antiferromagnetic order and spin fluctuations help stabilize
the fcc phase in CrMnFeCoNi high-entropy alloy.

D03-188
i Bs YRS AR BT IRA L1 K 3L R A H SO YE REFT 9T
gk R
RIEFL TR

Fe-B-Cu. Fe-B-Si-Cu. Fe-B-Si-P-Cu Z54K &4 B A 1.80 T LA M IR N 5 5 (Bs), IR 7]
RIS 5 R M, R TR, B8, HRER S5l AR LI LS 3 A B — A R X
FKEET AP RER: w3 R AR AT IR 7 B AK o-Fe RS . H3 75l o s s Z Ak
(180 ~ 400 K/s)ffi I &t b4 St AL SRA AN 99K o-Fe i ZH 27, (EIX i ib B T 257 1000 5 T o DA St
J5 A A R AR BIE R B P OB nm () o-Fe di (1), 78 T SAb B 46 AR BV AT TR i 4m i 40
Koo-Fe fZHE, XA B IH AR R T IR IR RS A A B $a il

Bt 3%of BT R AR TRAE 90K a-Fe S 1) Fe-(B, Si)-Cu&r4r, IATR G 1 H 2 451 P fg
gh A SVRIRE T RS, BETC T & 4oy S A i i B U 285 AL 56 L A A A T N R I RE PRI MR, o] B L5 i
WU, FESE T A & iy dib i XA 45 4 - i AL AL - MR RE AT (1) 5B . a3k iT, AL T A & 9K i & 4 3E
i T O 25 1) S FL A ZH AR 1 RE R 2 ), RIS I/ B AT IE I G (ETMD 3] #0522 9 B Ak &
R ORAA I THAE a-Fe b IR, I 0 25 5 i L Ak AL SURN Bk R s Esemi AR SRl IR S5 MR 56 4
PR FAREETELIE (0) M FURA 1S (AHmin) IR /ING 55 110 b A 2H S A0 R B T b i R o-Fe BRI
Segr A KA ETM 1R T3 B P 0N . BRAh, IERFTE. #-5 TfE Al &4E5T Fe-(B, Si)-Cu 92K i
G AR ATIRRZE R AT N ARG RE IR R2 I

70



R R A 4 2024 B PR RS D03. HEd 5Ea 4
D03-189
AR R CoCrNiC0.1 MM HHE L
A *
IRLPNES

UTEESR, SEdt S MR U IRE A J, ER I S i St & i Sm BE AN BB PR IR AR B Ph ik, 1
el A I I, BT A R R ) & e fe it TR RE. Horh, §UM FCC CoCrNi i & 2 BLit
e ot LA NE (R AR Al B <, (B RO FE A, XELA R TRE LI oK o RSO IRIE T, [ 9
s ERRERLL . MRl S BTSSR, BERE R ETRTT CoCrNi i & iy s BE A ZME . SR,
FE [ R A AT Ak, BEVEAHRONT AL 2B & S 2. BeAt, R BRI SN, 45l i &
RN 57 57 25 R A S A AL SRS, AN et R BRI AR IR AL, SRR IR JGEAT A R iR 43R T
oA e VERE, AT INRERE, T EHARM To A AT, BT “FL+IR IR Geb 2 75
RIE T — BT A RSN BB B 7%, PRI S C 48% CoCrNi & e ismEEANEVE . A PR3 15
SR/ CrrC3 PPRBRACYIR f AT Y, 2 0B - 2RV P RS- T A R E R R o 1% AR 9 S U e s AL s &
MR- PE D RISRTHE ML T — A R FTig e

D03-190
RE R RREAN RIS EGE KRR
% i
NP

SERIANEY SIVE RS 8 SR B O BB AL | IRAT N JIE R RE BRI S e R BB R
SR, UAAATRAE « WL AT A TRAN ] FRUBE SRy 8 M B R 70 RAT 57 2% AP AT A AR 2 K PRI PR 2 2 ) B
o R TAESERAL R RPN XRD. & AU S R RGUE 5T T CuZrAlY &)@ 3 i
G KA, RBZ A SRR TR T A T 2 IO R AR AR S 2 TR AR, JHERiZaE
FEGIK R Cu A1 Zr JEER 73 A1 (SR BAE sl DU AE SR 1 RUE Zr-Zr BRI B R 447 0 2 1% 2 TR A HAR 1
FEJFH . Bbsh, BT T SR AERR AL B A Zr B R S AR S VE S MR A TRAT N ISR . RIS
(7] S5 LN R TR AR PARE i O REE . BRI, A i AR I BBORAS s SR LI vt L A A f 2
AT RE S5 e o SOV EE M T T2 48 7~ L IR v iR PO 0 BE B8 08 mi e S AE UK R _ B R S5 /) 2 AN K S Ve sl 4
S, SN T RN T B DN AR X IR RN RS AT e B D) AR AR R A P I e, TR A
BIYLT . IXIUTAR <R B AR K ST P G5 MR K L i e AR AR 25 A T BRsARAT R AL 1 0 B GR,
X VERE B R BB A BT R B A HEHR 3 L.

D03-191
BB B 25T AR T ¥ 1 B LR R DR A v IR BE AR R O LB 2
SR RFFEL KNI A7 P
SHEI N N2

R 2RI A 0 B 4 B A B e PR K I R IRAG 52 B 90% B A 28 F Ak ] 73 7E. 10min LA |, HAg#
e Fge P BN G B K P AR G R R R B B —, M LA 2 DU A B A 0 B K IR 75 3R o BRI BoAR
FAERI R, ASCERE XL SEAR 5 2 AT R T B, RIS 2 5 2 BRI 7, WHIIE, %
FHI B S8 R Ukl K I B B R, A 7548 0.59/L 5Lt (kL 3 i 4%, 30s i 3 A 52 Jik, 20mg/L
FIBRVERE 7. U FR IS DA R PR RE (g A, LI AR 30s IR AR R = T 95%, 2/ FHBH B 7KW (20mg/L)
T ELL 2min A REIR F 95%IKI PR AR .
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ASCAEH] XRD, SEM UKz DSC 45 7535 73 1 2 T 28l 3 A0 I f BRI A i 2% i v S8 A S e R L
B, BN — 5, AR A R B TR SR AR s R AR AT T T O, TR K B ROR
R S fE R, 0T S eM R, mfest 73R & SR E R AR R 55
I, ARG ST R L BT AR TR, AMAERRIE AR R R M CE 23 At AR T
BRIEAR R AR AR S N T SRR LT ANER, b 2D ESRI TR S N F 5 iy 22 1) 2R A A A
(IR R ASCHR BRI AR S 2R AL A B B BB ORIG. TR, ek m. s 2
Pl R AR R ARSI, A7 A ARREL T BN K (1 Tl AL A B v

D03-192
&R IRIEE FE B T Y
ZEL RYYLE D

1. YR

2. ILERK%E

ERALMCEIAET T KN TR A S N W 7y, SRE A I e, POt IRIBIRERSE.
REHAMTCAKRE T KT RIBER, EXESARTRMIRE TR S SR SEMUA RN S %
SRS EPRR . BLAN, FE 5 AT SR R B A e R I TEARARF RN A FEATT
o, FATRR S T — MRV N R BRI BOE T E, HARs RO N TN ()4 (~18) B ) 7K IR (~300MPa) |
TR AR R HFE . RTR—TZ, RINCAERESIAE % 7 2RI, et
W HINTHARSE o RIUT FEAONFER S R T m A RITRE 7oAt MM iioR. RedsmiE T
TRERRHT SO T BAR S

D03-193
EHERERFHESSTRHRENS
HHE. moE S R4t HE A kB S R
1. P E B E R AT
2. ALK
3. JEEBHLRF

AINER R R A SRR PR B RR  — . R, BEE SR E R, & el AT
BCC HANA I B2, SBUERIEAZ . fEABITI, REHHITT T & B mi & 2 (ZraoTizsNbAly)
FERIN TAb B S S5 S ERe AL . S #LII AL B S, &4 NS—(1 B2 [1] BCC fil B2 45M%6748, H
KRB B2 FHE 519341 BCC dki o oW AL AR 4R T B2 FAR 73 i 9 B HUR & Al IX FESER]
AIX. ffifa, fEALERES, & ALABEFERARN AL Zro Fe4R N FIZHT KA AL A Zr JTTER M
LR, HRAREFTFHFIN BCC 4if. XAMHASIG 98 7 ABE S 26 1F T IORERETERE, I RN fRHF
R LR . AR FIRAL T T R R R B e R A e R S N e T SR A AL -

D03-194
Botsm RGO AR EREER A
BN, Bme*
RIESE K
AT BEEARR G e ERENE, NMTEEFHBSESE TZ, ARG A NBER A, N
MRS G &R G R SR, IXRJ7 & AR & & R MR A IR, L2106 LR A

SRIBRE R RAF . A, BED SRR, R L2l gt kiR ik i EE AR, i
FEARNATR LTI BRI b i s ) A R RE S SC L AR B & AT R s BRI P [R) s . SR, H il 6 I
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s T MR AR R A ST AR, MBS R, @ AR ZrsoTisCuyNipAlg P25 20Ok
Mg (LAM) %0 A Nb B 28 RSBl . iz AR A ST A MR SEI 17 omdB v F e s, HIE
k5 N~800MPa, Wi 3N AF ~35%. FIF A% T EES, @il LAM RB@E# s AR RSE &, AR
RIS G EEEMEHTIF T — AN FE O,

D03-195
Thermoplastic forming amorphous alloy microfluidic chip micromold
Chunyan Li**?? Shaojie Hou? Xiaogiang Fu?,Chunling Li* Yishu Zhang? Xiaocheng Li*? Shengzhong Kou?
1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals, Lanzhou University of
Technology, Lanzhou Gansu 730050;
2. Lanzhou University of Technology
3. Wenzhou Engineering Institute of Pump & Valve, Lanzhou University of Technology, Wenzhou Zhejiang
325105;
4. School of Mechanical and Electrical Engineering, Lanzhou University of Technology, Lanzhou 730050)

Abstract: Based on a designed (Zrg e336CUo.1450Nig.1012Al0.12) 99.4Y 0.6 amorphous alloy, an amorphous alloy
microfluidic chip master mold for imprinting was fabricated by means of a high and low temperature mechanical
property tester. Meanwhile, the molding process of the alloy was simulated using Deform software, the filling and
rheological processes in the microchannels were investigated. The experimental results show that the filling height
of the amorphous alloy is proportional to the temperature and load, but inversely proportional to the strain rate. At
a temperature of 703 K, a strain rate of 1x107 s, a load of 1500 N, the quality of the imprinted amorphous alloy
micromolds is higher. The simulation results show that the flow rate will be higher close to the center of the
channel, and the flow rate is smoother near the flow front. The strain rate is lower, the forming is more
favorable. In addition, molding quality is affected by temperature and press stroke. At higher temperature and
longer stamping stroke, the forming quality is better. When the strain rate is lower, the equivalent strain
distribution is more uniform, so that the alloy deformation has better mobility and simple flow behavior, which is
more conducive to the formation of polymers. PMMA(Polymethyl Methacrylate) microfluidic chips and ordinary
glass(D-FK61) microfluidic chips are prepared by imprinting molding with amorphous alloys. This study shows
that amorphous alloys can be used as molding masters for polymers and ordinary glass, thus expanding the
application of amorphous alloys in the field of micromolding.

D03-196
Pushing the Boundaries of Solid-State Hydrogen Storage: A Refined Study on TiVNbCrMo High-Entropy
Alloys
Bo Cheng? Lingjie Kong"? Hongmei Cai', Yunkai Li', Yumeng Zhao? Di Wan*"?, Yunfei Xue'?
1. Beijing Institute of Technology
2. Yangtze Delta Region Academy of Beijing Institute of Technology

This study investigates the development of Ti25V30Nb10Cr35-xMox (x=2, 4, and 6) high-entropy alloys
(HEAs) for enhanced hydrogen storage performance. Alloys with tailored atomic radii and uniform valence
electron concentration (VEC) were designed to obtain homogeneous single-phase body-centered cubic (BCC)
solid solutions in combination with the CALPHAD method. Pressure-Composition-Temperature (PCT) curves for
the Ti25V30Nb10Cr31Mo4 alloy at 323 K revealed a remarkable reversible hydrogen storage capacity of 2.24
wt.%, marking an unprecedented milestone within BCC high-entropy hydrogen storage alloys. The investigation
reveals an unexpected reduction in maximum hydrogen storage with increased Mo content, challenging
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conventional expectations. The findings in this study offer insights into the intricate balance between chemical
interactions and atomic structure, proposing the bulk modulus as a novel parameter for evaluating hydrogen
release performance in HEAs. This work lays a foundation for future research in optimizing HEAs for efficient
and reversible solid-state hydrogen storage.

D03-197
P TCP MR FAEEMEZSLI CoCrNi HIHE A £5aTM
A= ERE. B A
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HATH ST SRR i =i & &R BAA R i B 1, (R m K. 51 N3h b2 HELE K (TCP)
FHEERS A AR =& &R g, SR, X EeAT 5 AH (BT i 52 B R 2R R 1), 75 e i e = A 2208
. BFL, JRESRAH TR R RO 2 % 5 e RE R CBE. AL CrCoNi Wi & & hE kA4,
FI W A Mo S5/ e 3= B Cr, 4% TCP AH(RD p AR A a5 i 2 . W78, W IS8Rk
PRI w AR, S T A TE R A HERR (BT I FE) . XS EIC T TR ZRE 2, T
w AR AR 7 4, AT Rt S 7 FCC B dibi KR, BRIk, B 1 #T Hh SmAU T &g FRam A RS, il
8 E M CrCoNi [1) 427 MPa {2 22 =% WO0.3Cr0.7CoNi ] 1356 MPa. #R1fi, Mo HIHIIAARRESAE p Ak 1
R R, BRSO AELES AT R IR 7R T N1 REER Y AT U ROt 3G 5 TCP AR SR AL RICR
KONt R R TR L T 2%,
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(R, PRHURE RO DU RERT ) 225, SR 118 2 MRV - SR, 1Tl 1 BE AR AR (<1078 m™(-1)),
R4 w8 AL, TSI T) 2 K DhRERAE IR R XK RIS 1 RYE 5 RSB . &
MIBCH IR FU AL, R4EAER &S (BIFARRAKE . IERAKAFAE) Ll ZrCuNiAl A, R4 R
HEA LG, AMUEAB RS, ORI H R B (10%-20%) HHAE, AR SRR I
LI 08 R AR ICIZ A SRR S8 (Gum metal)  7E A IS4 8 . B IRS 2 (1 45 H R AEAN
RGBT, BATRINZHEIANEAT AR T I TR BB B AL 0 B N 28R K UL Sz S5 K B
i Zr-0 B BB ERE S CEEWIRALED -
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NN ISR, FATHER T —Fopr R AR A . e BRIE R AEEIN (FesrCrigNiss TisAls, at%), it
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PMIEAR. SEEHET. DR GREE. FRAE*
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ERESHRBEER BTN AR
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AT EHARISE RS R RS2 AT R AR AR R R A v LS P A PR RE o ASHIE FUAE B
R AR EERE BRI X ST . AR B S B RO S BEAT 1 SRAE, IESE
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CoCrNi-Ta F & & EmPMLAT T
VR, f— >
KT K2

CoCrNi " & R I H L R FARIR IR T 2 22 000 E . SR AR Y = i 2 P PR ) 1 FER AT o PRl
X% < SRR AR 2 e B il . A LAELE CoCrNi &< I Ta TR BT EBA, TEEi &3
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e RE & R S MM R [ R &5 nT RFSR A Je A SR R 22 4 (1Y) B B T DAl 102 1A ) s i |6 AR 31
BRI SR OB S, (R I 4 v e A A DR IR i B AN M R R AR B AT B SR . HEE S &
(medium/high entropy alloys, M/HEAs) S TR BE AT IF A, R 3RATTHIALA MAH B vk 36 7 21 7 A
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FRPRGBANE ) 2747 2 PR L B A S A A D A S B AR AT R B B B A . AR TR IR RS B JJHA Bt
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KedemE&N AR
1, EE2
1 EEWSEREHEAF
2. REEMIRZE B BRI A IR A
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PERE, & AWM & AR AR T ™ . &R 8 R &7 A T2 Bt T sas i s, Tkt
PR EORIEEESE T T ORIAR R e At L, P e R A S e A ahfe, — AN JTmseTh 1A T At
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BOIBBTR CoCrieMnNi & & 1B MAT A
ERAT, b, KA, SEOKIT, PhEE
M RUE TR, APREREY 5 TRRARE, M /KI5 150001

KHBOCIEATIRBCAR % T CoCrFeMnNi )i 54, FFEWEFT T UL CoCrFeMnNi Rl & &£
3.5wt.%NaCl BH KR ML WFTERBL, IR DR RS A L, BEE AR UGN, o R JE5
THPEREREAR, 2800 T B/ IR B L BRE i BT S/ N B T Tk R AN K IR BHLTE, A ki
MR AL o AEHERA R AR v AR R R A B BB B R AN e VA A1 R, A5 R RO s« (L 35 AT
ARG N, BRI, DURURE R R B R R AR . AR R 2 7. CoCrFeMnNi Ry 5 < 1 44 3 T
S-SR T REZ TR N FESGIRG, v TREA R I 35 5E T2 2

KA A BOLBRLDTR, EiT N

D03-211
ETHRGOR B BRI R SRR BT R RS R R
JsE 1, Z=EFha 1, MR L TRER 2, MR 1,3%, AR 1,3%, VETRE 13
1R iAokl SEER =, TR AR5ET, 523808
2 R K, TLIE R T, 211189
3 RGEEE T, dbniti, 100190

T AR SR S AT IR R A BR S AR B S e S AR, AR, Pk S SR AR P SR A AH T
B (1) AR AT T AR B PRkt o ANE TS ZEET Cu Al Nb IIgeK b L, FATESIEIER &4
RILT —Fh CAREAS Y SN TEAZAZ O BT R A ML, 78 IR b Rt — ol B A R 7 e AT 5 2 (1)
BB S B 4, M RIE 100 kHz R B9 R8G5 3 ik 36000 (Eb H A 5 5 8% s 1) FeSiBCUNDb 4%
Kb Eam 44%) , FHHEERRNIR S, ARBEMEE, [FR RIS AN R (1.42T)
FUEAAFE (120 kW/em3 @0.2 T, 100 kHz) o ixXFh L Co i 5T K b AL AL 8 2L e AL AL i it
— W = R JR T RET SO . /N XSRS DA Fe-Co R ISR AL I FE 1K 7 1 51 1 AU SRR 5K
BE—PHEFOR I, H K 0 5 1) ARG M RE AR T LR IR I SOW 485 M RN W i Zh L, DR R B0
HH R AR (PO T 5 1) S ME AR PR 25 ) Sk o BB Ah, M b B LT (26 B RE ), B AT 7R Tl &4
TESEIUE AT TE R A R

R YK AL SEKRETERE s AR IZ B

D03-212
Pushing the Boundaries of Solid-State Hydrogen Storage: A Refined Study on TiVNbCrMo High-Entropy
Alloys
PR 1,2, LA 12, 82404 1, il 1, BWET 2, JJil 2,3 BEx K12
1 JEsETORYE, MR
2. JERE TR R =AM (2%
3. dbH{FE TR, VA XEF0E b

This study investigates the development of Ti25V30Nbl10Cr35—xMox (x=2, 4, and 6) high-entropy alloys
(HEAs) for enhanced hydrogen storage performance. Alloys with tailored atomic radii and uniform valence
electron concentration (VEC) were designed to obtain homogeneous single-phase body-centered cubic (BCC)
solid solutions in combination with the CALPHAD method. Pressure-Composition-Temperature (PCT) curves for
the Ti25V30NDb10Cr31Mo4 alloy at 323 K revealed a remarkable reversible hydrogen storage capacity of 2.24
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wt.%, marking an unprecedented milestone within BCC high-entropy hydrogen storage alloys. The investigation
reveals an unexpected reduction in maximum hydrogen storage with increased Mo content, challenging
conventional expectations. The findings in this study offer insights into the intricate balance between chemical
interactions and atomic structure, proposing the bulk modulus as a novel parameter for evaluating hydrogen
release performance in HEAs. This work lays a foundation for future research in optimizing HEAs for efficient
and reversible solid-state hydrogen storage.

A high-entropy alloys, hydrogen storage, body-centered cubic, PCT curve, CALPHAD

D03-213
TREAGEF SR KAESHRARA
FRAUES 1
1 TR R 22 5 TR 22 B SRR A BT, YLJ5 M st 210094

WAEAEE AERE S, WEE. PUOKIERSE) m T BA 3 5 AR RIS R AL UM =5 A 8T HTRE,
JN AL A AL RS IR TSR S AN SE 4 I BRGFT g e p ) AT B & TG KA B S A T e 1 —
AP, WIEWARSE IR AR LA R0 EE 9K R, PUKBIRR. 9Kt
AR R RS RPN, HTEEGEER . JRERA. R AR 5T

D03-214
Overcoming Strength-Toughness Trade-off in Eutectic High Entropy Alloy by Optimizing Chemical and
Microstructural Heterogeneities
Zhaoqi Chenl,a#,t, Wenging Zhul,b,t, Hang Wangl,c, Quanfeng Hel,2,d, Qihong Fang3,e, Xiaodi Liu4,f, Jia
Li3,0*, Yong Yangl,5,h*
1. Department of Mechanical Engineering, City University of Hong Kong, Kowloon Tong, Kowloon, Hong Kong,
999077, China
2. Institute of Materials Modification and Modelling, School of Materials Science and Engineering, Shanghai Jiao
Tong University, Shanghai, 200240, China
3. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, College of Mechanical and
Vehicle Engineering, Hunan University, Changsha, 410082, PR China
4. College of Mechatronics and Control Engineering, Shenzhen University, Shenzhen, 518060, China
5. Department of Materials Science and Engineering, City University of Hong Kong, Kowloon Tong, Kowloon,
999077, China

Abstract: The strength-toughness trade-off has long been a significant obstacle in the pursuit of advanced
structural alloys. However, here we developed a eutectic high entropy alloy (EHEA) that effectively overcomes
this fundamental limitation. Our EHEA, comprising face-centred cubic (FCC) and body-cantered cubic (BCC)
crystalline phases, demonstrates exceptional mechanical properties by harnessing microstructural hybridization
and an unusual strain-induced phase transition from FCC to BCC. Unlike conventional eutectic alloys, the
compositionally complexity of our EHEA allows precise control over its microstructural and chemical
heterogeneities across multiple length scales, ranging from atomic- and nano-scales to meso-scales. Optimizing
these microstructural and chemical heterogeneities within our EHEA resulted in high strength and remarkable
ductility because of enhanced fracture resistance, outperforming alternative high/medium entropy alloys with
similar compositions and microstructures.

Keywords: Eutectic high entropy alloy; Phase transformation; Crack delocalization; Multi-scale
heterogeneity
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Cr TREEGEF G A ER T LB IER
REFHE. EER>
AR RS

WY Cr JTLEXS Ferp, XCryBigSiagNby 26715 (x = 04 7.2, 21.6 1 36)7E 3.5% NaCl 7+ i i 1 AT 4 1)
. SERERH, Y Cr & EIAH 21.6 at. %], & & MBIV RE I RINGE . Y oo A F 36 at.%, i
HIL— 2K . BEE oo MBI, AIEAE ST IR 6 D vk RE AR B AT e s EARALS AR, B4
B I KGNS, TE e = 7.2at %R ST i . 28 XPS MRAAIN, B Cr,05 F
[CrOx(OH)3-2X, NH,OZH st 1 B3 25 i Ao BB T LAl A% it 2 T DR S AL 0 FE o Rt 211 CrFeB AT 72 A (19 JE3 oy
YU . XU AE AT AT B ERAT 1B TR0 i) % it o ik B R L A 4

D03-P02
Highly efficient catalytic performance and self-renewing behavior of Fe-based glass induced by pulsed laser
Qi Chen,Weimin Wang*
Shandong University

FeSiB metallic glass using pulsed laser processing is proved to show excellent catalytic performance in
wastewater treatment for the first time by decolorizing and mineralizing reactive red 195. Pulsed laser can
effectively improve the thermodynamic properties, surface photothermal conversion and hydrophilicity of catalyst.
Compared with homogeneous FeSiB catalyst, heterogeneity o-Fe/FeSiB exhibits a high k value, strong TOC
removal rate and low activation energy. Theoretical calculations indicate that the excellent catalytic performance
of heterogeneity catalyst is attributed to its unique nanoscale biphasic disorder structure, resulting the energy
barrier of the rate-determining-steps of the conversion of S2082- to SO4-¢ is reduced from 2.20 to 1.52 eV. The
reusability test of heterogeneity catalyst also shows that the abnormal recovery phenomenon of decolorization
efficiency at the 19th cycle owing to its unique self-renewing. This study reveals that a nanoscale biphasic
disorder structure is a new strategy for obtaining high catalytic rate and durability.

D03-P03
Co JLRXT Fe ZIEf & &R KA FR IS WAIMERERI RN
EIRE. EfFR>
AR RS

AW T FegouP13C7Cox (x=0,4,8) A 4267 (Co0. Cod. Co8) (EiR-KJG MR LA JE AT
NAERREEERE . JBKJE, CoO Al Cod FEMMERM MR 140K L5 M, i Co8 FEM IR MEE /AL T a2,
KiZVRFFAERS. M4, Fra e EIR KOE B, X IH R TREIE R IER . Co JTLRAEY
fHRE SR E 0.6M NaCl 7 1 JE i s AT AR EF RS, IR RS 1) Co8 FF b FRL A R Ak i 28 90 B R At Ak T &
WAL REW, Co JLRIELEFF Fe LR & & MAMERE 7 THI R IE T EEAEH.

D03-P04
St & RE S RPN BT A MR
L. THR*
IZRR
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LR T BIVERTTRB RN FeBC L& SRS R IERER T
FHE. R
AR K

LRR 3B R F SR ALV 4 T FegaBoCeMp(M=C. Si. Ge. Sn)dEdn sk, i &Rl EA
WHFE T ARS & G2 M I 2 MR . BV RE . TR RESE . BETTAEL, Siv Ge JLRIMAEAF K I AL T
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SBIVERITRMES I U ST FeBC AR I IREIE. C. Siv Ge Jua HIIRIN{E 2% TR ANHE
WREE (Mg) G, M KJE K Sn JuRBIA%n )RS Bs %Ak, {H Sn BIIIAFE—EFESE L35
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D03-P06
SRR & & R REBT LI 2234
B, AR
AR K

LERZIE G, REIESE (Sc) 4r I 21 F 42 mis FIBARRFEAR VLRI T AlsoNisy &4 5678, IFEAR
A AT TR KA . B A EER I3 5, F0d0h Sc = 42 mis (85 A FIR K 467 B BE @i (100D
i T A R F F(100) o I 7E 3.5% NaCl ¥ (1 Hi A 2 IR AN S 06 06 AN [ 2% 45 RO 5 Toh 1tk e dE AT T
5T, AR, BAREIUAET FL00) 2w A 5 m & k. @i X S e (XPS)
SHTRIL,  Sc =42 m/s A2k L Sc = 21 mis SR KA E N Z B A A2 . R T AlL,Os +
AINi B, FERTLLZ 5T 700 °C 3B KGR0 — 54T AT WL AlsoNise A 4 R ik it mT L@ i $i e v 50
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DO03-P07
TR E R BBRSERBASRE
Mt Vinay Vaibhav?. Bing-Yu Cui®. Baggioli Matteo®. Alessio Zaccone®. F zil*!
1. Rk 1B 5 By
2. Department of Physics “A. Pontremoli,” University of Milan
3. School of Science and Engineering, The Chinese University of Hong Kong
4. Wilczek Quantum Center, School of Physics and Astronomy, Shanghai Jiao Tong University

TR (PORE FE R 5 1 PEHE e e . BBARTT LAME ] Green-Kubo J1 Uil 38 BR 82 77 (1 B[R] AH S P SRAd 147)
JRETRERE, AHIZ AP IT 06 ANRE 58 42 e W Sl B iz A BRI o 7RI HL,  JRATME A7 S ek 32 2 1 11 55
SRR NIREEE o IXAT B TRt IR 07 36 3 AR 7 RUBEBERAE R L PP (KA AR . & N AR I
&, BATRILR G AR RIS A STk, A BRI . X — WS R IR R s &
IBERAE T ROWAESE : RE R H BAT AR A E SR A DY BT AKFR) Jm BS A A R SR 1 o BRATTAR X S R LR Y 1
—ANERR, KRGS AR E SR IR Rk . AR IR B N AT AL, iEE T Arrhenius
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D03-P08
Effect of element infiltration on radial composition/structure and magnetic/electrical properties of Fe-B
amorphous powders prepared by spark erosion
Hao Liu®,yu gao®,lei zuo*?
1. beihang university
2. beijing instiute of technology

Before confirming spark erosion as an effective technique for producing Fe-based amorphous powders, it is
crucial to thoroughly investigate their magnetic/electrical properties and the impact of different elements
infiltration on composition, microstructure, and performances. Limited research has been conducted on the
magnetic and electrical properties of spark-eroded Fe-based amorphous powders, and there is a dearth of studies
on the influence of different elements' infiltration. In this work, a series of binary FegsB;; amorphous powders
were synthesized using water (as a source of O), ethanol (as a source of C and O), and silicone oil (as a source of
O, Si, and C). The elements O, C, and Si exhibit different concentration distributions along the radial direction in
the synthesized powders. The depth of O infiltration varies between 10 to 35 nm, C from 190 to 280 nm, and Si
barely diffuses inward. For powders prepared in water (WF), the formation of nanoclusters throughout the particle
leads to an improved saturation magnetization. Besides, the infiltrated mass ratio of O is merely 1.38 wt.% and is
predominantly concentrated in the surface of WF powder, resulting in a significant increase in resistivity. The
resistivity of WF powder is approximately four orders of magnitude higher compared to powders prepared in
ethanol (EF) and silicone oil (SF). Nanoclusters are also observed in EF and SF powders, where the significant
infiltration of non-magnetic C leading to a reduction in the saturation magnetization of both EF and SF powders.
Inside EF powder, a remarkable peak of C content appears at ~30 nm away from the powder surface in the radial
direction, accompanied by an increase in structural order. This suggests a synchronous relationship between the
variations of structural order in the radial direction and the concentration of the infiltration element. These
findings demonstrate the practical feasibility of tuning composition and microstructure via dielectrics to develop
high-performance Fe-based amorphous powders.

D03-P09
Layered Ir-Ta metallic glass with surface Ir complementation enabling high-efficiency acidic oxygen
evolution
Qi Guo,RUI LI*

Northwestern polytechenical university

Efficient and stable oxygen evolution reaction (OER) electrocatalysts are essential for proton exchange
membrane water electrolysis. Here, we report a pre-activated IrTa-based metallic glass (MG) catalyst with a
free-standing structure for high-efficiency acidic OER. Specifically, a unique surface catalytic structure that
contains an IrOx mesoporous layer and a Ta-rich amorphous oxide layer with dispersed IrOx nanocrystals was in
situ formed onto the MG substrate during oxygen-evolving. The layer-structured catalyst exhibits an overpotential
of ~220 mV at the current density of 10 mA cm-2 in 0.5 M H2S0O4 and operates stably under 100 mA cm—2 for
more than 600 h. In-situ DEMS and XPS analyses reveal that the catalyst follows an adsorbate evolution
mechanism pathway during OER. Moreover, the intercalated amorphous Ta oxides with IrOx nanocrystals can
effectively modulate the valence state of the surface catalytically active Ir species and stabilize them, suppressing
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the surface Ir from accumulating more O and dynamically complementing in case of their dissolving, thereby
ensuring the efficiency and stability of the catalyst.

D03-P10
Intermetallic alloy electrocatalysts with hierarchical porosity serve ultra-stable isolated high-entropy sites
for high-current-density oxygen-evolving
Yanan Zhang,Rui Li*
Northwestern Polytechnical University

Developing inexpensive and efficient catalysts for anodic oxygen evolution reaction is crucial for practical
water electrolysis applications. However, breaking the trade-off between activity and stability under industrial
current densities remains challenging. Here, we report atomic-ordered B2-type high-entropy intermetallic (HEI)
alloy catalysts with self-supported hierarchical porosity that isolate the late 3d-transition metal-based high-entropy
active sites for oxygen-evolving. This catalyst displays an ultralow overpotential of 359 mV at 1 A cm? and
robust stability of over 2000 h with negligible activity decay (less than 2.3 %) at ampere-level current density (> 2
A cm). Our analyses reveal that the configurational entropy-increased alloy structure with synergistic electronic
effect and the ordered intermetallic atom stacking framework with site-specific isolation effect can effectively
reduce the energy barrier for water electrolysis and stabilize the catalytic high-entropy sites kinetically and
thermodynamically. Moreover, the anion-exchange membrane water electrolyzer assembled by the B2-HEI
catalyst electrode delivers a current density of 1 A cm™ at a cell voltage of 1.72 V and can operate steadily for at
least 300 h under 85 °C.
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AR AL X
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ffi5E 1 eXtreme Gradient Boosting (XGBoost){f s {1 1) ML E45 5L . {fi F§ XGBoost F 1544 (1) 3 F /3 ) Hidfs
YN ZRI% AR FH 2 52 (B ) SR RS BEVPAG R 57 7 HEA 20 5 SANE P 2 IA) (196 R o BT ST 0 R A 5
SEIHFEVIA BRI, HAhUME al o R SRS R I & B E (>740 HV, 5 K{EN~780.3 HV)
LB (<5.9 glem®). 5H AlCo &g i L &I LL, ToFF BCC 4K ke A F 5 AlCo i B2 JfA i
S EEE I . XA R RE R A S e R E A TR N A T R .

D03-P12
PRiEIB kXt Fe70C014B16 kA & 451 R TERE L I
BEAENE. kg
e AR K2

Fe JEARR/ANK T &S TN, BOEBREA . BOEaE, mTERPERN TR T RA IR
Bpreeg, JF HAGREVEE, R UE— AR I RGP MERL, (RAEFE. mBE R LR AR &
SAFIRZ MR, BASEIN RERN AT S . SEEERIT KK FeCo 2R M & A B BRI Bs. Az A
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BARH) He, HZE S A R A EE T 2 R & A S MO &5 M A e vE s i it Fi bbb, 74h Co. Fe
TG I ELAIOT R S A 4 (T i Re 1A o — 8 5

GAEZESITCR I INRER  IREMUEF R 2 R, %t T Fe70C0o14B16 kit &4, FFiE4
WEFE 1 PREIR SO e G LA SWORE BE RS2 o AR SCHTE 17— SIC Vi ustiR K I RVE BE T2, BF AT
KI, Fe-Co-B HEfmA &M dmLAHIIIE e LA SITEAZ AL N 32, BAESS ad f8rh, difiifuid 2 5 7R
HRFPAE IR EAEHVIN R EPREB OIS, ST MLl a-Fe (sc-CoFe) #HATE. PLdiR
<K R ) P SR 6 A B R ) FAAR B IS (DA R T R R A, R RRAK T A Heo S PREIR K
()L P R FAK B (AT S5 S0 AL, R A iR A AT DLk B 5 L I SCRE T BE, 7F 813 K, AbFE 3 s REASFS
F Bs A 1.96 T, Hc A 5.141 Alm 4L B s fE

D03-P13
FHIREEXT AICrFeNi Biffi& & /12 PR IR

e o

e PN

F A S (HEAS) K L ol . A0 A IE A s Mk A . w25 s IR PR 1T 4% 22 T Bk, e AT e R
PR AN 26 i 1 R ORI 1. AT il 2% 1 (AINi)x(FeCr)1-x(x= 0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8;
0.9)El &4, BTERZRCANIMAHAS. MW FERe. S5RERI: X x=0.1. 0.2 B, BIRLE-N
B—[¥] BCC #(FeCr ). i x 31, 24 x=0.3~0.8 i, B2 AH(AINi AH) & &0, LI H BB 53t
Mgt 4 x=0.9 B, RGHNERE T B2 M. AEMEAIERERINIEIE KRNI, 4 x=05
I, DL AR I N AR Tk B e KR, 2350 2398.87 MPa Al 33.23%. 24 TR B 11 B [RI B 26 0 A 2 1 Kk
JEIR/NEE S, M x=05 B, BEHIRE RN, N 3.5um.

DO03-P14
Corrosion mechanisms of Zr-based bulk metallic glasses in NaBr solution
Chaojun Li,Li Liu,Xiang-jin Zhao*
Yantai University

The corrosion mechanisms of ZrssCuzsAlyg and ZrsgCoysAlys bulk metallic glasses (BMGs) in 3.5 wt.% NaBr
solution was systematically investigated by Kinetic potential polarization and electrochemical impedance
spectroscopy. Both ZrssCussAlyg and ZrsgCo,sAlie BMGs were subjected to pitting damage during the polarization
process in NaBr solution due to the presence of Br ions. However, ZrssCo,3Al6 BMG exhibits better corrosion
resistance compared to ZrssCuzsAlyg BMG. ZrssCussAlyg BMG experienced selective dissolution of alloying
elements under the attack of Br, and Cu element was enriched in the corrosion pit. The surface of ZrsgCoysAlsg
BMG showed a more uniform distribution of elements after corrosion. Simultaneously, the substitution of Cu by
Co led to changes in the composition of the passive films of the BMG and increased the relative content of ZrO,,
which is a principal factor contributing to the enhanced stability of ZrsgCo,3Ali¢ BMG's passive film.

D03-P15
BEA SRR XTI S GOK B 51 KRR P R RS
IVEEER. BURIR>. sk, SRR, BEGEEL. KR, WA
Hh R B T B BHEOR 5 T RERE T

o E R A BRI R S RS N S0 s, WL AE MRS N R R F TSI =, TP ERERE T
MEER S TR AT, WL T 9% 315201
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YK SR ERE A 2 200 KHz 6 A 256 PERE S U0 I & 8 FORER RE o SR1T 38 = AR T A4 1) B2 FH 3K A8 vy
AR R4S« FRURESE FE T A S R SCR S T R R T, (S AR R EORE TE RE AL (ER
17 Y8 T O B ) 6 R R G SR R 5 MR L 5, X 5 IR ARG B AR 25 R Rt 2 DA OC .
VY ) 25 I 7 e Bl M, RS R AR SR, dE T 2 PR S e Ty . [FIBDRG FE 2 )R LA S i
SEMIBE IR P AR B B, R SRR SRR SR 9K R S R S R RE R R . I, AR TARETE
FeSiBNbCu /il F VR Ik EARIA s 4 J& Sn, W 1 AN[F] Sn IRINE N A SR RIS (84, A a2
FAITRIAN ) B BT R AR ZE KA oK it 285 A SRR PR I s D T X b, R T BRGS0 e RS 252 WAt 17
A L £ AT IRAR 5 9K e 1 SRR e . TR I, Sn IR I T RIR PR FE, mrilfRiE (>
1400 °C) Ji5 A A P B (1 AT SR AR A B AR SR S5 M TE 5], TR dn b B b AL 2R S 15 30 B 40K 4
B R SFRATER/D 3-4 nm, AT 5 kHz T LS R 3R 5 20% . ik & S A 45 M mT iR s R SRR 1 R
AIAAK B S B dR R, AR s 3 2

AARR) T E K E AR TR (2022YFB2404101) . WiiT 4 2R L4 (2023C01075) 2530 H (152
FFo

D03-P16
AKE VNbMoTaW MR Rl & 4 BIR AR
HUH, Sl TN ANEAE. PLFELE

alibN

MEKE E G4 (RHEAS) # A A sl B A 3 AR e A kL . 42K (NC) RHEASs 17l 77 2% 1% B
MAZSHLERL (CG) FHEgN kL (UFG) RHEAs 1R KAE. #A1M, NC RHEA [IFEARAT A7E il
HH S BRI VRS, E i AR MEAE P2 KB ) NC RHEA  F - THARIR, DRI Rl i A8 47 N AE AR KRS
JE FIEAR BT TEARTE T, JE WU & SR BEJ5 1 m iR e 2, A T PR RSN 67 £17
nm %5 F-HUR NC VNbMoTaW RHEA. 7EA[EIIR. /) (70 - 1100 MPa) 27 ~, fEmiE (973 1 1073
K) IR AT T R 4552556 . Uk NC VNbMoTaW [4iif A8 PERR A T-Hetk CG VNbMoTaw,
{HiZ & T 2 AiRIER CG Al UFG HEA.HE S HI I NC VNbMoTaW EALARFR . B F1 HE BTG AL BE 2R 1A ,
U AR AR T R S A BRS R . RSS2 Mo AT Nb JoEY R, XA T RLE LA A 4T
FH Y BOE RS . AP TARA T T HEE RHEA RUSGEAAT NAASTENLEE, A BT ¥tdei
FIPTiEAE RHEA.

D03-P17
Microstructural evolution and mechanical properties of CoCrNi medium-entropy alloys through vanadium
addition
Yu Tang*? Hengyong Yang? Jianyong Wang*,Congkang Xu',Chuangshi Feng? Kai Zeng? Fuxiang Zhang*?
1. Department of Physics, Shantou University
2. Songshan Lake Materials Laboratory

Abstract: The concurrent possession of high strength and ductility is a fundamental requirement for the
extensive application of metallic materials in engineering. Conventional strengthening approaches have been
unavoidably rendered obsolete by the inherent conflict between strength and ductility. Recently, medium-entropy
alloys (MEAS) have emerged, featuring elevated levels of strength alongside excellent ductility. In this work, a
series of (CoCrNi)1xVx MEAs with the increased V contents (x=0, 5, 10, at. %) were synthesized successfully.
The phase structure characterization reveals that the alloy changes from a single face-centered cubic (FCC) phase
to FCC+sigma phase with the increase of V content. Tensile test results indicate that the yield strength of the
alloys can be significantly enhanced without substantially sacrificing the ductility by introducing of appropriate
amounts of V. Specifically, the (CoCrNi)q.95Vo 5 alloy exhibits outstanding comprehensive mechanical properties,
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possessing a yield strength of 535 MPa with a ductility of 57%. Meanwhile, the (CoCrNi)g¢9Vo.10 alloy achieves a
yield strength of 750 MPa while maintaining a ductility of 24.5%, thereby possessing both high strength and high
ductility. This achievement is attributed to the solid solution strengthening effect of V in the alloy and the possible
formation of fine dispersed phases, which effectively impede dislocation movement and enhance deformation
resistance. Additionally, the moderate addition of V also promotes grain refinement, further increases the
strength of alloys. Our study provides an insight understanding of structure-property relationships and practical
guidance for designing new medium-entropy alloys with both high strength and high ductility, which may
promote the implication of these materials in industry such as aerospace and automotive manufacturing.

D03-P18
A 7E RS Lab5AI25Ni5CU10C05 Hifi4 B BRI gk FEIRAT N
AL FREL R DKL ZREM
1. ZRF KRR R S TR AR
2. R WL S ¥ TP

WA AP N AR R E S B IEE (MGs) J15 e, HEMMEARRE e R R, RAESE
il RAFAE T AR TG 7 45 1) 1A 4 38 v R R P 2 — AR A L BR AR PR ) AR o B 98 R IR P IR Bh BOR B8 Wi
R MGs NI ERFEEIEAT N, 3EMXGE MGs & IiMERE . AT D¢ T 515 T MGs SREGIEEE LTI
AAIS Z RN TT o AT TAE = ZL@E I AEAS R i N e 2 F %) Lab5AI25Ni5Cul0Co5MG AT 8 A iR B AL 2E
15 FHAK IR AT AN [ g EIRES T AR S adE AT 300 77 52K, 26T Maxwell-Voigt B2 8UFTHME B PIELAL (CSMD
oA i PN S SR B RS S TR A AT AT T RIS 5 A TEM BIOW S5 #4225 HRE 75 1 T S AR B S5 R 221k
Z TAEE ARSI T La55AI25Ni5Cu10Co5MG 7E¥EMEAS L AT i M:, FF R T HEARGEEIRE T
(R P E LA -

D03-P19
BEAHIE Ni-Co-V 2 X AE MM ARM A L IERERT A
fRf . Apa*
R & R E AR R e ST 7T B

Z Eouh R R AL IR, Syt RE A M AR KT A b it 1 Bt . B REE IR (DED)
SEM GV — R R R IBOR, T LR R ILR 2% J LA AR Z A (01§ e, [A DED fhilig& i e
7 A i i A L AR i e ] 2 A 2 7 AE AN A AR e WO AN, & e A SRR 4L 7 i A
FE. T 78> FIH DED #liEM 2 EeaEMssai®, AWHFiRM DED MM HliEH AR % T Ni-Co-V £
Freda, T AR T RRYERE. BF7tas RAEY] DED #ilig ) Ni-Co-V & & H A L7 5
ANEEYE . AT T S4B (EBSD) AEH T EBMEL (TEM) , #E—PRAL T & e aii,
TR T HAONATEN L . A TG & 22 3270 & @ RO S K T P AT TR RE DL AL AR Bt 18 i LA o

D03-P20
R A SoL BB R & XY RERT 7T
R, R X
LS PNEE

e s DAL 57 A PEAE BROK AR BE R 3R A 1) 2 ORI AR 7T o SR TAIAE SEBR S I rh 2 T 8 72
JEhE eI, SEMEHEREMFIC. EARRTTT, i P REE R AL A 2%, s a SR iR A
AT IFEKPEREABE T, BB /K R (22 T FRIA F~97%, FFR I R A7 AT i E e o (HEALIBA
WURJE, MR RERFFAE 85% A LR m B2 . 5 HAR SRS &-SAHEL, Cus Ti IR 1 uhEfL i
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Yo FER] WOCHRS T BA RAFRIR R IERE, AR ZFIAF~99%. BLAMETEAL 7 ICHLBTES 7~ & pH AEXHZFE i
JCHEALTERERIFEM,  LAR FUAE SEBR B - (52 o

D03-P21
AR B B BB T kS AR AR RO BT
i e
BRI 15

e G S AT NS MRS, ML TS RENA L, & T Em iR, It A& B
¥E, DRIUCTE mid LA & 32 00T . (HlTARRA S, . JaiRe s, SEEEME PO T, 7
B0 T A AR R R (R B R s i P R, MR 78 43 R AR G R AR R B A s R D T A
SRR E TS HIH S T2 R EAFEAE R M I SUhE, RRE . TIFIRAY . Hrp R BT DL
AR T, ST R R R E I S G A EE . AR SO A T AN R AR A BRI T S i RS R
HEPEREMREm, 25 SRR AR M I S A BRIR B TE 350°C 4, ML RACELMIFES, S A
Kig$eFt, M 1300 #EhnE] 1630 (F2F+T 23%) , ke PIKHZ/AT 58 RKFEE HIBFE, M 52.0W/kg P
£ 45.3W/kg (BT 11%)

D03-P22
FRAR IS TR X G Bs BREEANOK MbH) e S0 A R 1k B oM
SRR, PO, B, BFEE. PVEER. W
R B T B BHEOR 5 T RERE T

BRIEGK SRR AR 00 AR S R () S 5 2 SR e G PR R, R IR AR
JE#S . FRIR LRSS AITE 4R 70 F A5 s SIS A ) G BEAR O B o IR BBK b B S R AE S AR M A R T
1B, FE23) TAEMRE R Gz Rk, 46 Bk IR gk i RHE R i ) SR IRAR T ) s A A e P 8 = 4
PR AT SEE EOCE B, ik, AR T ®FE FeCuNbSiB 1 FeCuNbSiBMo #3K #: R4+ (Bs A
1.38-1.39T ) #KdaE4, WHFL 1A 130 °CHI TARREE R, MRAR IS DR FORESRE 1 SO &5 44 55 s 45 44 (1)
SN . S5 ROR I, PP A S0 BE AR AL B] RO AF G AR 0 2R il 25 AR I 3 I PR . 5 SR RGO A
bl . JCERRGCN I AU 5 2R B ARAS I 1) (R AR AL BN 22 0 B Ah,  ARASERST R0 5K 1R b 40 oK s s ) B R E S ) 40
BN, HUTCEHRECS A0 RE BB MR AL ST 8] PRI A AR A28 /N T B A RS o INTROUL 25 46 R s 25 46 3 BT 2R B, 130 °C
) TARURE T RAE 720 /NS 2 BE S 88 PR AR AR OK di i o PRI 2500, ABLAS 2 3O3R R PR K A o (1) A 4
(A

D03-P23
NiCoCrCuAl B & & MIMMRE A )1 5
BEE . B, B, R
I ok

AT T NiCoCrCuAl R¥IFEIHA 4 (HEAS) 15 ERE RN 45 44 2[RI R0 N 56 27, Jd it i
FCC M1 BCC #Lbfl. RADE=EME (OM) X 4474 (XRD) . HFEHEERTS (EBSD)
T RMEE (SEM) FRa T 7 &S 15 Ee. 455K, NiCoCrCuAl %741 HEAs 1]
FmiRZE R N FCC AL 3 BCC AH, 4403777 (BCC) AHMIARFI N E N 149%18 N E] 93%. &4 (I 4h 4
N TR (R R DR 25 A T AR A /N S ok . B ST S M 366 HV 181131 518 HV. 24 BCC HIAF 4
BUNT 80%IN, &4 MIPih R N 815 MPa B in%| 1092 MPa. #Rifi, 4 BCC AR/ Bk T 80%i,
il S AR IR B I N AN, SECE SRR R, TR T A & R R .
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D03-P24
Self-supporting high-entropy alloy electrocatalysts with tunable hierarchical nanoporosity for
high-efficiency water splitting
Qigin Zhang,Rui Li*
Northwestern Polytechnical University

Nanoporous high-entropy alloys (HEAS) have recently emerged as promising candidates for water-splitting
electrocatalysts due to their controllable porous construction and the synergistic effects of multicomponent
chemicals. In this study, free-standing FeCoNiCrZrx HEAs with various hierarchically nanoporous structures are
fabricated by physical metallurgy and dealloying. Towards alkaline OER, the HEA-based catalysts show the
lowest overpotentials of 221, 264, and 367 mV to achieve current densities of 10, 100, and 1000 mA cm-2,
respectively, smallest Tafel slope of 35.1 mV dec-1, and excellent long-term stability for more than 1400 hat 1 A
cm-2, outperforming many recently reported state-of-the-art nanostructured alloy catalysts. The superior catalytic
activity is mainly attributed to the secondary mesoporous structure which provides abundant reactive sites and the
exceptional intrinsic reactivity originating from the synergistic electronic effects of the multiple components in
alloying. Moreover, the stable monolithic nanoporous framework of the catalyst can effectively support the
catalytically high-entropy oxides formed on the surface during OER, preventing them from rapidly dissolving
under large current densities. This work provides a facile and scalable method for developing self-supporting,
low-cost, and high-performance HEA-based porous catalysts for practical applications in energy conversion
technologies and beyond.

D03-P25
Ni-Co-Cr & £ Hh i & & H B X BT LHIHT 5
SR A fH*
R & R E AR R R e ST 7T B

e A < A A PR DR SURI PR IR I B, IR AT A2 7 HIn TR s A AR VE L.
TR p 73 0 v DX ZB P RS, M T T IO AT ST S R AR S X AT S A A H 7 B A B R AL T
B, ABHFEARGIRI T il & 822K Ni-Co-Cr A R & SAETIRX (760°C) HIARTEAT N HLUHAMALTE
TOMBLEE o hr A RS SRR, S Co A1 Cr & & vl A Rt e J AR SR EE AT L 5 182, 1 s TAE AL g
EFAREENE. 0T &R Co A Cr & B AARMXS FRES S AT N EEEIN, X5 i X R AU IR K A
B A TR HE— 20 W RN 0 AR TE AL R R o

D03-P26
A Nanostructured TiZrNbTaMo High-entropy Alloy with Exceptional Corrosion Properties for Biomedical
Application
Man-Zhen Lin,Xuan Xiao,Chen-Hao Xu,Wei-Bing Liao*
Shenzhen University

A simple body-center cubic TiZrNbTaMo high-entropy alloy with amounts of nanocrystals was synthesized
via magnetron sputtering, and its corrosion properties were studied in phosphate buffer solution at 37 °C. It was
found that this nanostructured TiZrNbTaMo HEA showed a much lower corrosion current density (~0.017
nA/em®) as compared with the traditional Ti6AI4V alloy. The exceptional corrosion properties of this alloy were
ascribed to the synergistic effects of multiple elements, nanocrystalline structure, and a stable surface passive film
formation. Meanwhile, the elastic modulus and hardness of TiZrNbTaMo HEA is higher than Ti6Al4V alloy,
which is expected to provide more excellent wear resistance.
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D03-P27
AR FeCoSIBPCU ZK f & &8 i 8 5 BN L HI BT 72
A, TR

R KA R 5 TR b

FER e K i R B 2 B IE F D T T R HBE VI TR . 2RI, I mtERe gk & &t
FUUR LR B R T 2 M EE T 20/, ™ B ) FLSe bR A o A SC DAAT IR &R R I B W 58 i & O
Feg13Si4BgPsCuy 7 & & LA, it Co JLERME S, Hl45 H Fegr3xCoxSisBgPsCuy 7 RINGIK A E. R
G T T AR PSR EE R 29k A S i e AR, I O SR AR SE A, PR
mn A R AR B R R A R e . BEFE ORI, Co SLRIMIMEEA BIEE A SRR e, &
FLRE S MAIR BRI . NG, &8RO S BRI R AT A, T
Co KAK Co LR G EMYPK MG & EA B LIM/IGKFLEH, EF RISy 5w A S %
M Co LR T EMGUKE &L PR SROK, AR IR0 S5 AR s S 3 . 38 3 % 435 A WL
SWACGI R TR I, ARG AN IR G 4 VRGN P Fh % ) e ESE [F = S, RIE 85000 5 28 B T3
on A A R, T T 5 A 1 B R T A i et o RO T S R A R R AR
1) Fegs3C015SisBgPsCuy 7 49K i & 4, M FNRE B 1.84 T, 5 iR & 4-5 Alm, 155 %5k 41300, 1.0T/1kHz.
0.5T/20kHz 41 (HI4514E 3 B 200+ 209 I/m?® . T 5t 45 Fnd I e B v v R B e 5 T 2 SR G P R g K
e e A EER TR L.

D03-P28
ETRSHBREIND EUE SRS HRAES B R8RSR
THE. 2BH*
& K

M T AR TC R R T R A 22 B 22 R BOR, 2 06 < B BOR R JR 8 A% i 2 0 52 244 (4 R e
TR, TS [ 5 5 A7 AR RSB o H 20 T 0 4 < 10 ] 55 A 15 JR) BARARE J 1P 22 TR ) 7 0K AR A A
Fit. AWTFUIEIE MO A E Eon G eI SN B, BRI E I E . R A
o flas 1505, RGWHTT T H RS R A R 0 2 T A R R e SR R R AT X G 2oty
RATHE, FAL T IRTHRBNE T (Uiso) MREGRIENAE O ; ks, @diHEE8anrsies8: &
Ja» FESCECE LA, AT RS S 50K, SRl A — s IRGREE 5 R IR AL R 1k 2 18] (0 B R AR
s oW R DU Uiso 55— Ji ik 95 52 2 18] B AT S ME A OGHE, T Uiso 5 2 1A BT stk -k A
RIIRER, Wit T —Fr )AL ARSR R (5 &, SRER S5 RIGIE T LA 2 SRR M A i Itk . X — 45
SN TR AT A R RO E R 2 oA S R A EER SR, NEE RO 7B

D03-P29
TiZr ZRFREASHRER & AT
V) N B N1 =2
Hh & TR TR R T BT

FEMRIRLAOUR, 58 LA JRPREI 98 5 PR M LIS AS . SR, ISR U RoR, EIdAE Tizr
REGETBRAFRRERAR T, AMOTEER RS, RS L. FEHEIR %
P BE A SR A5 4201 R TRTREE o5 7 B FL [ P s AL A Y AN T 2o SR, SR 77 TiZr 28l e b AR o oz 16T
16 1 e A BT Af X DA 7S HL 5 R R 745 S IO P O S B BT - Dk, ASSC L Tizr #4440 3775 (BCC)
R RO B, R i PR R BTSRRI T TiZe R < v 18] B AL SR T
fRRRE M, Mg TE It R IUTE S RENIE MRS . 3, BT IZBEEAE IR B AL R R
TAG BMERIAST, BT — ARSI SR, RERSHER TN TiZr R & &R RE 2R 2
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[ o ) TR B 7 AUV R BE o X — CRANU AT R PP AL 25 S il & e b AU 7 1 B AL, el TR 9
TiZr RS &R RNEAS R, AR R IR =PRI & A i & e e K .

D03-P30
RIS 4
TN & 1 BN/
1. ARG T BRI
2. EHE R

EREZTAEAE L TR I ORI AR R R R R S MBI . SRT, AR
BLRAT RSN E, R LR KR . HLEE RO BRI AT, 5 PRS00 000 8 T T DA i 1
GEHRERDR B AT A 77, LRI 3™ SRR T e b TR b . I, kA1)
BT R R B S, SR S AR P K S 0k, SR A KT 1 S R

N EA 674 MPa [R5 L 8.1 Oe HIMIKHF /. 116 emulg () T2 v FIREAL 32 FE A1 770 KA e LIRS

D03-P31
Al-Ti-V-Cr(-Nb) R =i i & & W R S5 I FE P L BB B 52

K. BRI, 20, A, ki

JER W R K AR R 2 5 TR 2B

Al-Ti-V-Cr(-Nb) &R =i & & R A REE .. RIFM R E PR A e s i, B N
o JEWAT N R & B R IR TS R R 2 —, A TAERFFL T Nb 1 Cr Joa: BIAEN & & Xt
Al-Ti-V-Cr-Nb & & & (W L5 A P T NI sem . BF AR5 KRB, AI-Ti-V-Cr(-Nb) =i & & B B2
BAREER, A4 AR ARFE L BE Nb & R I/ . 7F 3.5mass%NaCl i+, Al-Ti-V-Cr(-Nb) & =i &
S REBHAL, Hr AITIVCr @6 S e B PR A AL N R AR Bifb i A, TR A0S Nb & & 1)
HEELX EIE 2V (vs, SCE) DL E, HEABEMMEMESE, BEAESH Nb nE &M, 648K
AR PR P E AR B ER 5, 8 & &R0 A0 S5 i i 8 b v R

D03-P32
Co B1R Fe #| & AF M AEEEREKFTEL Fe-B-P-C-Cu-Co JESR/KBE
gKICIE, SR
JEF MU R K2

Fe JE3E A &t TIAL T HATERE, a0/ A R T 2 . ARF G E AR RSP RE, O 2N TH
TR AN R0, SESENMAL, eIrRAREAL R EMs) X B K. fmIEmA 4 Ms EX)
TUAT AR NG S DR R R B CHESE . N T2 Fe HAEREGEMAR, BHMEMRA
A L@ Co UM Fe Sk3RAS, (HIE AN Co AR M KL ECA I BRI, H-5: 80900 77 (He) %Ak
Rk, HwE@E S Co MM INELEM A 2 RIS T . Ak, Co Xt Fe 4> BURKT AN A
G a R RN R 1 (AFA) G AN FERM, 75 ZERN N FRIR RG] .

ARG T Fe84.5-xB12P2C1Cu0.5Cox (x=0,4,8) &&MAEIEA. #ttRe. SbiT . HEYERE.
HA BH 26 A0 25 01 I Co % Fe BIHUARAR 3 185856 4 N 58 AR S 45 44 Im) 3R SR/ 40K DU 25 1 PR A 7R
R R FRIMAEAEHRZS AR, A8 Ms ER Co S=MIGINMIGEIN, SR TTE x=8 K $2
4 1.93T, {H Co Xt Fe i FE B AR H T TS AATER a-Fe(Co) ki i i /7 A1 th ) M fk . HpHE S
HAMLEFREREEMRX, x=4 MESAEERNE 1362 pQom MEHBEEZE, Fik, BXGEH
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Fe80.5B12P2C1Cu0.5Co4 & 4 HA L 7 B kg 1 BE(Ms=1.81 T, Hc =7.8 A/m)Fl B 311025 dh B, I B
fer FELBHR,  7E H TR F s 2 A VB R N A5

D03-P33
RSB FeSiBNbCu FK AR & 74 BB YR AE SR RS KRS
s P2 EWwERA, I BHATA L BB L M L MR
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PGB Sy 1.5 Wt , 7E# (20 mT, 2 MHz) T HIERAK Pe, = 725.16 mW/em®, Hik 45 ) BV fi s 1k
Aef E e m. tah, M A Comsol Multiphysics #4L T NPC F= A [ FEREHA, FHHe i 1 B fE-#ai A BAk
BAURRIR T . G PAM 5, BEIFES MR FEICE] 345.45 K, [LWEERTKA) 31 K. th4h, TaE
MEREST S AR T PR ] 368.14 K, FRAK T 8 Ko IXUURfF 745 R0, I /e Ay 3 i ] & 1 RE AL 57 1) PAM
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N 175 wto%H, £ 783 K#WALH 1 h J5, NMPCs PERESHL, 20 mT/2 MHz 254 R IR P, ik % 698
mWiem®. %l S %555 45, HERME RS, 7E 100 Oe I 1 S LA FRAEVIHAE 1Y 68.3%. 4P, ZnO
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IRFEAE> TR CT Liu
TR =4 R TR BB BT AU S =

RN H SR AL AR R A e A R ) AR T B, R CR S YK R B
DATVEVIRR, WET REERNBF IR BT KT AL B 3 9K 4 2B AT B
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HUAH, — R AE S N2 S A B ECIRGR AR, Epr LR ST, 9PKAHE S Niv Co. Al Tiv Nb
IR T RS S EARCGORSAE RGO, FHT LR AT, REIR L12 R R
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Y R R R VA VRURTE TR PR AR B X FegrSioBio AF i &M ARTESRZF M I N A AL P R e T 5 . A AR
PRSI AE R AL FL S 1Y FesiSigBao AF ffoky A 3 I HH e il BE Al MR R AS R RE I $2 7 . 3L, B fEAE
FegSioB1o-5000 7F 11 734 P 58 a4 gekl, FRMRTEILAE A 40.87011 kd/mol, BEMREZ N 0.70291 min™.
Feg;SigB10-5000 HEALFIFIL T Mfi Ik e AR T HARRE 22 . SRABATEERS AR IR N T AR o SO 0 i, R A
3N R P IR BH 5 5 45 T S B AR B PR Z R AP E s ok R SR TS RSN, IR S4K 5
(1 L Ak BIAE 5 B S i R AL B AR PR RE, SR (2 8 7B IR BN TE A i B 4 B A A3 1 B 47 L o
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W A2 FEE (y> D) HUE A 7 2 25 22 5 o IRTE 2 S HOE ], BA T = FERAE I SR il 4% 1 W-Ti-FeTaB
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FE: Ti-Zr-Hf-Nb B & &N A RUF IRtk ge . 58 B RE R . A5 0 AE AR 25 M N3
(A7 DR B0 171 45 52 OV, A AR AR N R I I PR S JR s D3 AR o AR SC B fE @i [) Ti-Zr-Hf-Nb-Cux
(TZHNC, x=0. 0.2. 0.4, 0.6, 0.8. 1) mlii& & ds g oz k521 2 M EHPUE SR G &Mk, F
FH B 7 H I I 2 3 15 B AS [R5 A S I B RE &, R CCK-8 3 LA S 4l B SR AR VAR 78 & 8 TZHN &4
TR AL AT N 2 . 55K, TZHN G408 BCC 4544, NN G S #iMH Cu(Hf, Zr), i, H
b S ER I I DRI (x<0.8) B S AR IE AR LA A B A M 1) 3G 58, E 0T 4 3 € 7 25 K
WA I RE J0s S R AR S P PERE I AR i, x=0.8 B HLEE %N 84%, x=1 B HLEE %A 98%,
[ B 19,9 R A B R AR R PR . DRI, IEE RN ICER (0.8<x<1) mJLAZRAG 3R R4 AR YA IS0 R
PR TZHN &4 .
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PWADCEH T o 5th1%, M HIEH T30 2R B ihig. shat, BATERI o) FIEAEI 8] Ty, ma(T, P)FIHT
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1ORJFEBE TR WU 5iE8 TR0, L8 KJE 030024

2 RJFEE T R2E MR, 1hii KR 030024

A FEHI % T —FPIE Co JEL5 R 1 L Ni2.5CrFeAl0.25Ti0.25 H i &4, & AU IN T J5 S 30 H i1 FCC.
L12 fI'E Cr [ BCC AHA MM =AML . SHAF T & E&RME TR F R mvEre, JomREEL A
1.2GPa, PUIFIHEEZIN 1.6GPa, I TALERL N 45GPa, [EIEEA 16.6%MFifi¥E: . BT HE R,
Mt B T & S0 IR AR RS G 5 B TR 3E— RO A BT R B, = GAH 45 M R0 2 4 I [ X
PEFGRAIE T #PRHESE T o BE 1 R I8 A RAF NG RE 7T BhAbh, ZA SRR SR R R
B TR S s B M B R RS, FAR IR R E 208 1.4GPa, IRIRTHISRIZZ) N 2GPa, [FIBSIEEA
21% /5 A7 R AR I
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ARSCRI T AN, SRR s sl SR A R A SRS R A AR ), Hil T EAE N 3 mm
f1) Zr50Cu34AI8AQ8 kit & & #te . 18I X SFZATHAY, ZRHEMENASONR 1 Z6 &M AEmEEN, 3
WY RRE I M et . RIS 1A R IR E HE A &M e . BT Bis o
T T %A S G & I WTRURAE,  FHIZE S T R A S B T R S & O A . BT A FEAEHEE R
I s FE A R FE AR, YRR A SRR REE T, HFRE A ) = R . SEI0 45 R B,
SR AL W R B T R D o Al SRR R B PR Al B 4 I B B i A A R A R 0
YR K, 399 525.8 A1 334.0 kd/mol, &R 1 AR e s RN, HhaE &G WiEdsn i 1888.2 MPa,
RiARITE 3.55%, LA J1E I RERLT o BEAH R AR K, Sl SRR A S N E BRI A
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H T IETIFE R . AR SCRAEREREAR G &SRS T, ERAAE R & TAE Cr 2RSSR
7€ FeSIBCCry (x=0 1. 1.3 F12.2 at%) ik icfk. 7& 3.4 mm JEEE R, FeSiBCCry, (x=1.3) WA
FOARFE (RL) 1A%-58 dB. FF7E 1.7 mm JEEERS, AR %8 (EAB: RL< -10 dB) #J°4 8.25 GHz,
e T X M Ku BB [, FeSiBCCr i fd B 1B LGS, TR i3 1o 1K (10° Acm™) ,
AL P Ry 1 (10%-10° Q) o B Cr & MBhn, B ik REIZ Wi o0 . 8 ik Eh vl 4 8 et 720
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RGPS E M BT b A R E IS e B R T R L, B e BB, e
FTRT AR SRR . AR R SR £ CoFeNiBSICr HEff ikl 2 47, @il Cr n R M AEfE
R AE T B BE AT ) 8 R AR e 1 RE A 57 AR G W e L 5 2k R IR R T R A M k). @il
Tl 7 L5 SR BRI BRI I B RRE (), AR SRR 2% 5 AT e R T B2 & AR A 250 iy
(RL<-10dB) 1 3.0 GHz $&£7}1 % 9.0 GHz, £ 5.0 GHz &b n]523i-41.5 dB [ LB IS BE o 3X R R 721X
VR A AT 1% PR R R ADRE 48 B 22 AR I 00 S 30 H B I8t PR R A 5 5 00 5 () A AR 458, A R T/ G g
MR RE, 3X I Fe 2 e AR W B A PR A 18 BRI 7 L

D03-P46
WIAHAZRT Cud6Zra6Al8 4@ B /14 M Be gL
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B PIEMG) IR H 28] iz, o AR RS A A 5 38 1 1 S R AR o R TE B s op 22  WL5E
PR (LLPT)ELR , H0 B8 VR RE RS A it — P I AERRIUT AR, BATABUET LLPT
I LK ) e JE BRI S PR LU i T LLPT R RSV K e R BB I E B I N T 12%, ARTR LR P ik
RIS BRI T 40%. JEILIEN BN T AL, AT T LLPT MR K ) & R B
IR RIFEEIER) CuzZr2 K ik, AR TR L b AR BT, Mg s 1l rg 8. A
R, TEET LLPT iR K4 BB IR Bulfat: AICu 4K, FEAS T BP0 IR, S BURMIN 14
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Mechanism of Zr-based metallic glasses at cryogenic temperature
Chunyan Li**?? Tianyu Chen? Shunping Wang?
1. LanZhou University of Technology
2. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou Gansu 730050;
3. Wenzhou Engineering Institute of Pump & Valve, Lanzhou University of Technology, Wenzhou Zhejiang
325105)

Traditional crystalline materials tend to become brittle at cryogenic temperatures, making it a great challenge
for developing cryogenic engineering. To address this issue, this study investigates the mechanism of
Zr0.6336CUg.1452N10.1012Al0.12)97TM3 (at. %) bulk amorphous alloy at 77K . 177K and 298K which were fabricated
by cooper mold suction casting method. Meanwhile, the deformation behavior of Zrgg33sCuUg 1450Nig.1012Al0.12
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amorphous alloy model was simulated at ambient temperature(300K) and low
temperatures(250K,200K,150K,100K,50K,20K) through Molecular dynamics simulation. The experimental
results show that when strain rate is 1x10-4s-1, with the decreasing of temperature, the plastic strain and
compressive strength of bulk amorphous alloy increases gradually, the plastic strain reach 13.7% at 77K. The
simulation results were in accord with the experiment, the amorphous alloy keep plastic at low temperature, and
the tensile strength and plastic strain increased with decreasing temperature. With Open Visualization Tool (ovito),
it showed that the activation of strain of first shear transformation zones (Stz’s) is limited at low temperatures.
The unique amorphous model result in unique structural evolution model. This paper attempts to explain the
unique low-temperature properties of Zr-based amorphous alloys in the hope that it will provide a reference for
following work.
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KHALAK, 2 T A R R 5 PR A & — B PHAS S i & S (HEAS) SEbr S I EORHkiR . K, =i
G E&B MY (HEAN) JZ 18 B B A i pax — Il 1908 7 v o AR SCHE 3 i i [ Vs 8 fk 2 & 7
(TaNbHfZr)N HEAN 2, F0F5E 7 AR EAGFREE a0 LA ZR. Ty PERe . BEHRAT A RHm Jag ok (1) s
KH X BEATH (XRD) i T B (SEM). T HREN R4 T A (EPMA) FIIZE 5 B+ AR (TEM) Xt
BT EE R o AT AT . WEFE ORI, & AZ T BCC #H. FCC #H(HFN. ZrN). HCP #H(TaN.
ZrN. NbN)FI TaN AHZH . I GOK EIR AT I 7122 VPR B, U002 (R B A e A 35 W 3B 4
Hrp, B4R KT Ay 21.2 GPa, #MEMiE )y 297.6 GPa, HYE? Luit i, A 0.244 GPa. 7ETH & it 5
I, EVERAL RS ST s A A S RIS . SRS SRS AL, BATHIBT 7T 45 5% W [
TR SIS A AR T MR S R I R EL T B v, XA RE L T B R S e e S 1 B 3 AT
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IRV 2 I AU . (R SRR R, @i M Zr-Cu & MG (AT N AR A F TR Hilinb a4,
LA 655 GFA FEEYE. fEAR AR, JATRM 273005 (MDY BH, 45 75 5040 R b
Hi% (OCC) TEMAMBIHA T B HRERAE, /& GFA ML RN 5 JR A . OCC fEidtid ¥ il
e gzl s mE, IR Zr-Cu AR5 & <) GFA. SR, %) OCC R 5 A Bl
AR EAE I, B REHIAISINE, (BT UI AR X R, AT S BB AR T BE 0 o X I AE AN
70 MG B TR AN ASTAT LB R, 10 EL T AR ROA & AU BT A MG BT BLELE L.
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AT, FATEL T30 )% (MDD Bl A TR 7T CrCoNi BEEEXT (1 BEEAT Ny, B RE = AN
(0°, 2.5°, 30°) FMLFREAH s . AEFRR, 4ish S\ 0°H %3] 2.5°0), BEER ) B3 IR
AR, EFERIEE T RENAEEESIEFE . (EERIE, RATRIEKM 30°H 5 M mT LA
THEROLES, M BERR 7l — D AR BB BN S . BRI S, BT AT R A B T 2 R fR 2 ki
31, BENLFEER (RSS) FIHAEHE T (SRO) Hfdm BRI 2405724 0.0041 1 0.003, UEBH T iXFh7iZ
AR, tb4h, RSS. SRO FAZl Ni (I ECE BT B 1 78 2.5°H0 %% My, A2 Hixt CrCoNi HRi & 4 BE 1
I BARAR B B F o X e R BN AR A B LT AN SRO X HH i & 4 BEHEAT N IS4 1 IME I 1E B
UEBH 1 S5 R0 W 0T BRI 3 e R 4R 1) B B 5 L

D03-P57
B KAEEE FePC IR 5 &S RIBAER PR RS
FEWE. EARR>
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K ER AT VAR 2 T FegoPXCooX(4.5 <x < 6.5) A& 4401 . SR 7 AEM & & AR K
7 HIRETE R B B YRt PR RS . (EIE S &, $2m P & & ] LAMHI] A o-Fe AUA SEAHAOHT H
FAR R EE AR JCH 3L a-Fe + FesC + FesP AHIITE e X T FegoPssCiss &y, B 1B KR FE T =i
I o-Fe iR RUSF K. KT FegoPesCuas A&y, BAIRKIREMIFE R, a-Fe Sy RF KGR
I o ZRANT 1R B A AR T L A A e 2 B AL P B AT R, I AT L@ A R RS AN R A
Feo [N, 257 BFIREAL A By R ) He BEAE IR KCHRLE I I 380, [ M2 HEL k 4T In (Bs-He) 2
AL AR o

D03-P58
TiZrNbHf JE R & S AR5 AR BT L
| AN ¥
(i[NP

B ER A4 (RHEAS) HIT HAR SR Sy R A i a5 M Aa sE YR 32 B A R AL 32 963, 78 Tk
EHETEMMN TR M, RHEAs BAABAVFZR A, (HHF B SN2 — & KZH RHEAS 2B 1A
I vERE R 2 . K, 38 D)5 AR H S s AN T AU BT AL RHEAS. ASSCHiI 4 T TiZiNbHF &4,
T SIS RN v s (DFT) THEFA T iZ& S MMM . 15 eRe. MR, SRR A
VIELTERE . 45 RKH, TiZINbHf &4 B A RIFIMA LIRS, SR TR THR KT 80%, LRI,
1B KJE R R KT 27%, 78 7 W8 W 28 36 T ) e O 52 380 4/ 9 e 1 I 4 Ry L R IR (0 8 4 . ko, &4
(AL A e A5 AR IR A 1) 667MPa 39 0 31 80%+4 5LIRZAS ) 1116MPa, o i TAEALAT . X BT
$} (XRD) 455 EHEES TiZINDHF &4 B %1 BCC [BE AL, HAEFLHIFLR K fE iR R AAH
ZERIEEAS, B RIFIAI R E M. it [E S b FEG A DFT 58 7 R 7 R AS L. g 24 i A i A
R IR ) TiZeNDHT & 4 /1A PERE RSN . 76115 TIZrNDHT & 4 AR AR, BIF 9T 1 AR WAR b5 WA Ak 7Y
AN 5] JE 50 5 — AT P B 1R R /INBS Ak, 5 526 B Zr T HE 70 250) 25 4 1O [ T s AR A 5 g R A AR 2 BV E
N7 EMHE R TiZINbHf A& & m ik, 26 7 IRE (BE) & KBYIEE (Gmax) /i)
BHE (Gmin) (1) =445 ]« 45 B TiZrNbHF A &0 IS & 1 s R AE RN e/ IME 43 3l 7 T < 111> F1< 100>
Jil, EOR B U E e B/ N BT IR < 110> 5 [ R B A K 25 5%, SR IB{L10} sh i /2 BY DI A b LA B 3%
BT it . A TAEG BT 3% TiZrNbHE & & PP RMERE, X TiZrNbHT & 41 TV K AR 34t | &
BB SE, WAHHPINE RHEAs RTHRIE T 5.

99



T ERDRER 2 2024 BEEE — Jm th SRR 2 DO3. i 5 i 15

o

&39S

D03-PO01
Microstructure evolution and mechanical properties of FeNiV medium entropy alloy by adding Al
Chuangshi Feng,Shuai Nan,Hongquan Song,Zhou Guan,Hengyong Yang, Yu Tang,Meng Xiao,Fuxiang Zhang*
Songshan Lake Materials Laboratory

Revealing the influence of microalloying on the evolution of the microstructures and mechanical
characteristics, and thereby obtaining alloys with superior strength and ductility, holds significant importance in
engineering applications. In this work, a series of as-cast FeNiVAIx (values of x is 0, 0.1, 0.2, 0.3) MEAs were
fabricated by arc vacuum melting, and the evolution of microstructure and mechanical properties were
investigated systematically. The phase analysis showed that the microstructure of the FeNiVAIx medium-entropy
alloy transformation from FCC (; 46.4%; phase content) + sigma phase (53.6%) in FeNiV to a single BCC phase
in FeNiVAIO0.3 with the increase of Al molar ratio. With the increase of the Al contents, the mechanical properties
of alloys exhibit a decrease in strength, but an remarkable increase in elongation. Specifically, the FeNiV alloy
shows a highest yield strength of 1851 MPa with the ductility of 7.8%, and FeNiVAIO0.2 alloy shows the best
comprehensive compressive properties: high yield strength of 1255 MPa and ductility over 50% without
fracturing. In addition, the formation of the phase structures, compositions and the deformation mechanisms of the
alloys were also investigated. The elimination of the harmful sigma phase, coupled with the formation of BCC
phase, contribute to the observed decrement in strength and increment in ductility. This study elucidates the
intrinsic relationship between microstructures and mechanical properties with Al contents in FeNiVAIXx alloys,
offering insights for the design of MEAs with high strength and excellent ductility through microalloying.

D03-PO02
FePCB RIEM&EHIH & 5HI
Ei. ok
AL BT LR R

FL 2% R N 5 L R MG SR Fe REARM G 4, WL T B RO PR AR RIS, 7
E RS R ERSCR IR S B E RN 1. SESGRNM B, Fe BEE RIS
S HARERS, QFEFUIEE TN, BRI N BFEC, PR R AR R my i a2 LR Je Hh s EL g 7
IR R —o BRI, BRI BN 50 B R T Fe ARSI & &0 B & NI B RE 22 FE 8
PN . PRk, W50 Fe-P-C-B RA & MIAE MRS TR B LA R G SR e =R e RE I, X TIF R IR R
UFTE RRE SR S Ve RE T AR A sy, BA E R .

AHFFTLL Fe-C-P-B RIAES &4 AR, #id CALPHAD # it B A S ¥R A4, M55 Fe-P-C-B
REEAERAEM G PR I, M4 T REE0E Py C M B iR —#H MG FRLLLXT Fe-P-C-B RIEMM
HEMEAERTEREE IR TR P S ENREE N, BRI E; BEE P S EEK, BICFE T
RG2S 2R S R BE A T B R T R A5 R, BETE T /S FIAS [R] J 7RG LL 1Y) FegePyC, B, IE i & 414
T P C Al B =Muc R AFE KT HIERRE S SRR XKL RERI RS . HH, FegsPsCaBs IF
i A SR R MR, LS T ARG R SR B Bs N 1.78 T, Hiii)) He A 11.1 Alm; 7E Txp-80 K
fRI46 A FIR K 10 min J5 ROMRIRE N S0 By ETHE 1.79 T, ¥l He FREZE 45 Alm, HEA RIFHZS
MEITE . AHTE T T IF R M B RGP RGeS AR S R i B AR S & sy, ) Fe BAEM G &K
FE A AL AT 1 2 B A 7 I B AT B
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Unravel the spinodal decomposition kinetics in (FeCoCrNi)85(AICu)15 alloy through small-angle neutron
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Shunfu Xie'?, Yubin Ke*** Weiwen Zhang*
1. South China University of Technology
2. Spallation Neutron Source Science Center
3. Institute of High Energy Physics, Chinese Academy of Sciences

High entropy alloys (HEAS) constituted of single solid solution phase, but remains chemical inhomogeneity
in nature due to its multi-principal composition. Currently, existence of nanoscale spinodal decomposition (SD)
phase in matrix was found to have significant impact on the properties of HEAs. Nevertheless, the morphology
evolution and the kinetics of SD is not clear, which hinders in-depth understanding of the structure-property
relationship. In this study, we examine the spinodal structures in (FeCoCrNi)85(AlCu)15 HEAs at different states
using in-situ small-angle neutron scattering (SANS), in conjunction with transmission electron microscopy (TEM)
technigque. The result demonstrates that SD occurred when aging the HEA samples at temperatures ranging from
500 to 800°C, which leads tothe phase constitution of NiAICu-rich and FeCoCr-rich spinodal phases, L12
ordered phases, and FCC matrix. The characteristic wavelength of SD (Asp) grows from 5.31 nm to 51.26 nm
when aging temperature rises from 500°C to 800°C, which explains the enhancement of the alloy's microhardness.
The SD kinetics was unraveled by fitting the time-dependent through in-situ SANS measurement at 700°C.
During isothermal treatment at 700°C, the increases from 10.42 nm to 17.43 nm with prolonged time, and SD is
in the late stage from the exponential trend of the ASD over time. Moreover, comparing with aging temperature,
the aging time has a relatively minor impact on the coarsening of SD.
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g Ge e R A, B N3, BEfE 600°CLL LR A — & N EH N KM AR — K& R
MR JFRAERREIRIEE, RFMTTEMMTTE LR, RIFFETIERE. WIRMIMEELRETERE. &
Haertmin e e MR ml R R R G e, 1R 650~1000°CTE Hl B A Bm R A R
U TR TE . PURUEIRAE o I IRINAENE & ST FOR B AR & S I TR P RE T8 3 1 HAR IR K
F, BRI A R i A e RA BN S S S RA B NIRRN, KRG E ey, w Rl
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