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AL Si TR T HUR 0 P ERE T T RATLE Al 0 S AL, B PRSI N IR . A ESEE
I A A B, FE AR A AR BT A% HTAT T {L00YAl T AE K AR A8 K Si JTie A, 48 = 4E )51 #R 41 (3D-APT)
SIHTRIEN Si AN E 4R Mg e R, HSIMAFHAMTAE Cu TR MmbT. 6 GPa & /1 T il % (1) & & /e i 2tk
PG AE LS 259.6 HV, JE4i0R/Eik5] 1161.8 MPa, HA MR = M itk GEir i S 4 S PE R

E10-24
PHRLRTE AN 50t B R 50 8 ok ) e AL 22 R R R B A
N=Y i
1. EITR

ERMBLRI A S VEE R AL, I RIE RS PR R, SR PR RE R AR - 1%
G (R vk P AL AR BOR BR =Z 23[R 0 B RETT, ME AR AT RER AN Y 51 2 = B JEs PO FER AW 7T, H T

AR RIRE K S TR IE S B HLAS & I A TR B A O, B &R aRm
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W% T FL 5 A DX S ok P A A S TG A U B S B, T 1) B D T [ B A S TR S5 AT 3 L T X T e
WEEAT N AR TERUZ T pH A CI-88 TR B 70 A B R et 57 17 28T Ak 243 Hi S 1 2 B (ECSTM)
TEIECY- 6 B b A AR 3l KRR P2 i v ol IR et L A 20 ) 2 1] 9 PR RURE, SR T 3R
X i AL 2 VR RE S B CEARTIX AL AT X T BE 0 A1 B Bl X AR 22 BT A 55 )« 3R iR
ZERTE 3 I T A S PR 4 TR U B AN SRR 7E, W] B O — R ST AR T AN 88 B3k K =) B AT
A T

E10-25
e BB A AR T TR A
et
1 ALEL T RS K

REMENIR 2 FBEREMAM A TEEDME TIRERRL KRS F, WREYWE
MR b i A PP 2 ORIE SR S MR R e (T I OR 8 . JRAT T TR EIM R AL AN R B BRI RFAL
KRR 5, KB T RE2 et a s, B, I REV2 A EfE
A, KA Ie 7 TR AR 535, KBl 7RGV R I m R s e A =4E B o tr, @id %
UEPERN 15250 TR R EMZ U =R b, R IR ALK . 26—, RAAFFIRLEEEE)
TEE RGN RERAT L IG B, 8IS N A NS AL RESRIF R S 2 A R, B i
AR, AR RN AR EYZ LTI T T DAL R AL SCo PRI R 5P M 00 v <575 T ) 2 o
CLETAR NN R G YA R e R 75 dn e it 18 J030FE, NIRARSZANEIGR . Bt tE R
EYIMEHR AL T BB ARTE

E10-26
R B B 8 R T A RE U B & R IR TT ik
TR
1. P AR AN T AR A R - T T E T IR T B

BT P BOREOE TK AL, AR R e e I RE R, W S RURL A &) 3 BT G Bl 37 A R R T
I IR RN R AR, B RCR AR . Dy 1 S AT T e e A A O i kR RE AR T I A
TS N P DA 96 2 L O A R L 32 BT ML AR R A . AR e 8 1 P B O BLIR . RO P LEE
DL R AR LA W k6 e B O B A R BE PP S5 LA T T N 2 o O 7 3 LS DR AN I B XUHR SRR 452 el
MOBPASEE R, PR ELop S AT B AR SR R SR A0 2R, vy KU e Bl 3P AR IR R
AL -

E10-27
S % B E R R RSB AT AR
Bt T4t siMERY T, AR, B, REMC
1. FE R
2. R

Sz ckait— D 7O 20 Gali) PR i -aitasial, i 2 o RN R 5E 0 1%
Stht, HAT, CESMZuEET RS 7OV HUMIERE . BEEEIERE X A ERYERE, R T
IRAMBE AT NI T A HOE . A TAREE I AR Z ol sk Y HE-Zr-Ti-Ta-C (e Hf. &
Ta FI'E Ti 2 JCiACYIARA R 7 2718 K 258 THEIAEE T AT N, f87n 1 Reiiid A8 AR 22 ol
AR TEAFAE B A S MR, I R B IR e R L3 U S U 8 A2 i 22 TeRiR A AT REAE B8 e 1Y)
SO B N AREAFAE, BEMGE TR RMPI AR E . HE AR, FTRURIAF 2 oA aE A A
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FA MR, Hix—id i, #0532 IR S Al C& Ta A Fi HfzZr o e 8 C8
Hf D § 8 A S AT SR s HEZe A2 . R, A E R ivRsan i) s Ta Al
X3, JEALTERE T ARG s s HZe S0, 487t 1 80 2R SR i R B R 7. BRIk, ZE[E
T BSEEWAT AR RVER T, 2M 2 i stR it se /S 2] 7omit. BRI RN e85
HAZ O A B A A B R X, A AR E A 22 0 i B R B B AR A B O B
Hitz%,

E10-28
TH R & i & & Bt TR - SER — R e ST 05 ik
WAL, BREE Y AME L BORER Y, EEIS
L AERT RO

Ha R =R AR & & B R IO I e RE, X T 1K OB EE M B IR A7 iy S e R e MR B OC 2L i}
TR RN % A S R TRS SERAES, SN T a2 . ] St A i 5
MR R BUES B 4, A0 R 5 AR AT I B A TSR . ik, AR T — R B Rk 2 ST PR
SO)E (FUREEE R2 > 0.92), JRMEE 7 AL = I eI A 22 Re etk sens, A T35
SEE SRR it FET A ThE % T AR & 4, FRIGIE T RIS R, BTSSRI
SRR, SR 30%, HCEREFR TR AN T 5 A R B A AR B8 1% Al-Sc-Cu #HBLK Cu
MR n/n T .

St R T AR I B A OB T R B, L/ 0 7 T Ak D L 5 A I SN pH L R 2R MR R N
HE— D VP A IR A AR AR [ AL A pH S0 R IIMARAT N, ARG &% EZ RELE (DFT) 53R
fit £ 9 5 SRS EAT AT B B — PR SRR A, RGUE AT T A ik FLT AL B SR T R 1 5 HL AT A (pHpze)
Z AR, BAh, RS T A4 5% Zn. Cr. Nb. Si. Mo F1 Sc %} NH3 #1 NaCl W [t47 . Al203 )
pHpze LA K Al st U ) 5200 o TSRS R 1 Sc To 20 85 S8 A Y sl AL AT pHpze B2, AH
SR R B AL IR XPS 3BT LA B 2 i 35 52 S50 19 236 IE

E10-29
ETHARTHE R R R RREAN BN SMPKRE B LT 5
T4 EES, T EPuLY
1 WHZEFFHRS
2. JERTRHORE

e e P AN BN e T L R R A B bk, T S TR OR SR R, R, &
530 E AN AN PR AR AR P B 2 RS T JEAR R oK 58 AR BRI o 2RI, & B2 H5E A
R R T B AR SO S v o TR, R B B R ] 4 2 ek AL A M A3 A S, AT
[ 25 0 A i 2R AR P o SR HR11 3G B AT SR oRIZ 0 I T e IR S i R Bt b LR R AR (4R
A E NSRS RROLRE R D, BMARSESGHIE S SFAEVEER. T, KX
HENL T E T I E BN & el S ARG TR AR B OR 2R, il 28 B b 136 iy i AN A
IR G T 77 8 A S oK RUBE RALE T B i 2 v s B AN R SN T LB . D i B I A B BRI
7 e 3t i o AN AN SR AL R e

E10-30
%ﬁ%%ﬂﬂﬁ TiB2 4H{k Al-Mg-Zn éﬁzﬁ‘ﬁ'—?m’fﬂfiﬁEEQWEiggﬁﬂgﬁ
%i%ﬁ l’ ?ﬂ@}zﬁﬁi 1, %ﬁﬁ%*l
1 JERORHE
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Al-Mg-Zn &4 FRILBEG. LLoR & DU b g, B 2 A TR, s
HUBK IS S50 . 128G 4 /22 1 B B HR T 32 B T4 th Ak 5 4 dd s A I A i I L . idE— 2D 4R
RS, IR S SN AISTI-B &5 SR AN LASE I S RE AL . SR, ESRANETR 5 7 A S W TR R
BRH,  HETTS R AR, SR ST e TR

EExt Lid i), AW OIE R i TR TR A (YD A EeAb SN, DLSZEL ) Sm A i i GE
EEETE. ORHLU TR, Y WS —BAL T SR, PR RSN T 23.6%. Y 5
AI-5Ti-B [ RIS INAE SR FE 5 B 2 [ S8 | RAF-FHT, G S MR BR b o B2 4+ 28 381+11.3 MPa,
[F] s} A 2 AT RAFAE 17.243%

HLAG IRV A RS, AIBY & & a1k & A e i A B T12 2 L AI203 F1 Y203 N E K,
SIBCE R =BT K, ZEARAE T Ay R, BT T ke, AR R KR 0.17
LA cm-2, JEEA IERS4-0.9 VSCE. Ak, HHITF /R SCIRE 1 B (SKPFMD MIE45 REIR, Y 11
BT TiB2 Wik 5 4k 2 18] () HLAE 22 )\ 245 mV FEAKZE 190 mV, AT A R ZE H A F i 250

E10-31
AR ST RN ZE i S SR M ) SR AL SR L
FhGEAR *
1 HTTRHEOR

E10-32
RERL X naEP A RFEH
AE

LR R

MR R A RG22 SR R I RV E BE 2 e & & B R AR RS HE USRI 7R 3K, 42
m ER AR . 2R G SR A O ok BLE M 2 FEACSRARAE, @ISR . UK R 7 RS B 5
Rk 2 SR AR, WA ROREAEAT N HbEE sl A EUNSE, Wi esrakfe. Autime £ 37
BB B A T A IR T, £ R Z Eova e IR KRR P a5
K = 4E ST PR AT 5 ERE I IR BT A B 7 45 280 e A KR I B o 65 < 70 2 M e R A FE LA 0 52 i
PLER . B EENEREINA AR 58 70 A 5 A2 T8 IR N O BRIEAT i 54T, it — DB RO 7R BRR A%
1%L IE ST Fo B8 R AORIE 7R AN TN WA BELEAT Py S5 R AR IOAT HLAT 0N, SR TUEWLBE“# TERET J5 BRI
Bl BRI T TR g B BN AN 2 RUZE5R M, #8720 20 & <P e 4 F) (R T AR A 2 14 HL 7
SPHLER . ARFLEERONE DR S TR RE 2 1o S RO R L SR SR RE IR L T 25 i .

E10-33
WM IN718PIus &4 v "UIRAER B K EARSIHE TEM BFR
opet, EEAL ERF EEH mE!
1. Vb T K2

SR )i AR P A AR AR SR 2 R BUE BCERR R . RSP B R, X0 v R A SR A R AR
REMIA IR H T IR BhAR . DAL BOLIALL INT18PIus =il & &ohl, HUTRES S SN A EES, KIE
By A, B R ER SRS, RONE S A ST T BA WS AT” RHER v TR AR (— IR UTTE
FHZ) 90 nm, IR v UTIEARZ 27 nm). BEFUREH, XFOSUESS A v YA B R T S SR IRGR
N IE R H 704 CRIWERFEIR S T 17% 1A% 1.18 MPa. IR M TEM ZhAWE T v Uil
FREAS I AR, RIS A v UIVEMIZE THEE 950 CIHA R B B 4T () Sia e . RN, 704 “C g
P AR S GAE S 7 I P0G AT )y PUTE A B SR A AT A AT FLIE T, B8R T MR EiR 1 25 R . N
IRNENTIX — LR TS 5 O], B 7T BA R H ik = 3 #% iDPC-STEM #1 HAADF-STEM Jlf8 #e Rk 47
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TRAE. SRR, Nb STRIA P RERZ M T v BRI, JFE 2 W HEA AL ST T xF
PRI RET 4L, TR 53T T RHE R T B0 22V ERE . X LERIE TUSCRAS DO B IE A & L A A
ST IE S AE RS e PR R R SR AL T B E AU LB R, WO A A 3 I 1 RE A4 A4 1 i 4
S TR B BRI

E10-34
CoFeNi ZEEF R Tt & T n & & K15 EHKAT H L]

E= 31
P

1. bBERE

ARARLEAT R b i L PR R SOT HH e R BIR A A s AL OR o B0 — B s AUAAG IN ASRESR B2 9 1R 5 1L
ROR, Bk, ZENHEEZE TP AT ISR G & ol RS H I E A ik f 4 1
—HMR A& Mo, Al Cr fARSEE 7 EE CoFeNi 222 Fouérd, il Gl iIFAGE L T 20T TR Rk 31 ik
A5 22 s EEGRORAT HE AR OO AL ZURFAIE o G 3 H 7 e (SEMD, IESF 7 BB (TEMD AN
AT REHEHTHR (APT) X & &2 M PRI e 5 KA LB EAT 1 08T & ot fErh e
JaHTH TR NIALE T RBI%. & NiAIMo 25 —#. ZETIHIED iR o © 5 Cr A, HAER SRR 5N T M
LI AIO ZRAH . IXLEGKANAE 400°C I 24 BAT IR EE, IS T 2 Efr R iEi, fiGe
AR A f KL 3 1 693 HY, HAEE V-G KT 200 h, & RARIFMAGEE M. FETRIREIR, o T
AN [EI AT R AR 22 TR PR A2 ELAE R R K A LB

E10-35
HR 5528 B SR TR 57 T L
ST, ZEBREE Y, SRIRE Y sk
1. PEBEEB S R T

A 5 28 A ST 2 AR S B R AL 2 —, TR AR PR Bmr T F 55 2% i I T 7 A A 57 R AL
(AT RO B, T AR T T 57 T R B Jm Wi o AR iy 1 B s SR K A BE AN A L 5 28 i T
FFITRNUBIZER, RIS Pt I 25 5 3 A R JE R AR AL B R AR, JF 3 5 B A i FB 07 R0 (AN
AR /N SR AN SRR, RIS, /N R S B LU 2B 97 R0 RN Seds i T i &
e AR it SR 22 i S 57 SRR, AL T S T R P S R 2R Ok AR AR A S R A A AR T R
SR 25 5 S S N 2 T s 22 S A N AR B TE A2 &R Schmid Bl 7 ZBL k& &R RE, H
Hh R ST S N A A AE 30-70 FEVE I 25 By B AR SR 5T REL, A ANAR b S T A ) it A4 32 95 B2 Schmid
PRl ZE MEAIR 15 < 2 B RE 20 1) T 28 A R T 55 T2

E10-36
) ZE ST B RATE I 48 FeMnAIC 325 40 35 28 b RT AL 1)
SoMERE L, A4t AR, KIE T, s
1. PEIE Mk K2

TR R, R B ISR R LA 57 1 7 2 PR R I 52 BVRZE k)] 2 O . 28 i B AN
4k 2 i 2 38 % A& 18 - 30 wt.% Mn. <12 wt.% Al 1 0.6 - 1.8 wt.% C. 7EARSERK (0-3 wt%) 1
TEOLN, HTEERR SRR S KA, XM RN ZE RSB (TWIP) M. FEEHES
BB, WE DA 1L wt% Al 27 L3%IEZE N, SEHSE (4-7wt%) FE (8-12wt%) 51
BESRANA I O B IR AR N . A IR, BRIIERE 76 R E e k. WRiEa FRE A
A, XEHFEMBRFELEAT (LRO) XILIALEA L' 12 45000« ' i AEtZ & i (Fe,
Mn)AIC,), “EATTRENEAE— e Yo [l N B35 38 T T IR s

KRG T H4R Fe-21Mn-6AI-1C-xSi (x =0, 1.5, 3 Wt.%) 2 5t AW 7E [ VA A FNIN 280G T AT da 4
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4. JIm L AT S S AL . BTSSR, EENA ISR, MR IEEGK KA P X3,
0Si A1 1.5Si M =2y LIL.IWAT Feaiky, 11 3Si NIy L' LAVH 45K . ££ 550 T TIFAL 20 /M) 0Si
P AR AR, (HAE 15Si AN MERE T « © BrAb i s X 3Si 4K, {NAE 550 T FHFRLL
/NIE, BERIIRASIS I ARG « T Bk (RSFZ028 4.2 90K,

b Si SR, BN . WP DL N ARREAGRE T 318 25T . & T BRI 2K
SNIERGREE (YS) Bl I R A KT TRy, (HEEPEAR R PR . RS (1 /NI B RU0E 3Si 4NER I H
S (R B P [ O, e RS R 900 MPa, M FEAH ZEE 50%. Si TTE 5 AT K (1 i IR0 B 3 T
FEPFEE AR EERAE FPEE MRtk . X T 0Si 4N, S ARREKAT R 32 B b e R v A RS A AR
SERIEAL T E S . TE 3Si A, S BATIL (DSBR) RN ANZE i S IEME RS SR FIME AT, 2
AL B8 SR T IIARA R R . RIS AR R B 85G8 F , DSBR RUNATISRAEAE, H BB TR T o Aidh
&), XA T AR S MR R A

E10-37
R R A AR B < R P FISRALHLA] Sk RE R4k 2T RIZIEE MR TU RSO A B v SREm
Bz

1. BT T ZB5E

SRR A SAHL, A SRR S R G SRR IR bR T TR I E RS RIZUVBIEAR T
(SPD) & —FhoE Ji - R 3% Ar 48542 3 A0 b 4 A R hAROUL 285 46 (R 7425 B AR EE 5 42 (Al-Cu-Mg
Al-Cu-Li. Al-Mg-Si Al Al-Zn-Mg-Cu &4+ TiC-TiB2/7075 Al 4k FCAS 32 A1 IR0 2 LY 70-9006 ) T
[F 3 RRAR, £ SPD ALBE Rk BIG FUBAI N AL 6 I, BEEER SR RME (Bl AA2024 HIFI{E g 243HV,
AAB061 HIFIME Sy 220HV ) o A5 =4 J5 TR I 52 213 03 R AE B 20 i 5 B s ZU AT . 2 B R B Ay %
B, AR AN S 0V AT A R B SRAGALA . T AE TIC-TiB2/7075 Al &4+, M Bk b A B 11 i
AN . 4 SR AE AL B RS, FRE SRR It 25 m . ERZEEIEA RS, BE8n
IMSRAT T A, XN HAAHER A S SRS FEER R ER . AT 7T AEE 20
OSSR BT SR AE 7 — P AE R SR, RO AE N U RE AN A4 22 4 B 8 7 T P8 )

E10-38
T FIAPRERAE I S E R IR AR
ARk
1 hEREEHAR R

K2 B T 1) [ 5K B K R SR e ib R 2, R E RS IMSR G R, BB, %, ME. BT,
HUb . TFESE 2 =R AR RN A R SE R R o i el 2 & B 5 SL 0 = /W KGR O MR B, 2
— PP & B R B R Al B i, T DAEII R 2 N P PR 2 R SEIR RAE . FESS IR RAE T By, HEHL
S THHD MR EROR, 115 2 M BERE T B 45 K BON T RE

[ 5% R0 4 o S0 == SR AR L0 A0 IR X S kpe s X W), H RTAA AU A — K P AR SR adE: &
RESEIE (HLS) . £L4M A T HOE3HE (IR-FEL) BLA A RESL#EYGUE (HALF) . #2144 HLS 1 IR-FEL
(IEAT PRI BOE 2. RN, WS EICHR HALF 59— 32k k) & TRE ORI . bah, Reie
W 7n =K P 25 BRI ERAEAR G T SR (0 OB S 4

E10-39
JBAL X B SRR R HAM BRI RN A
TR
1. FEFER A BT TEBHA R B ZE 5 G

13



H E M KK 2 2025 E10. #MEl4EH S TERERIER A

RS HE SR STEREZ M IR R MBI A2 BB AR L —. BTN REERZ AT
FES, FEARFTEAS M B is b 525, MMM A3 SR, BEEEBIFTTE, DUE S TR O 4 72
AR BOAERIZVRA B OL, TR NIE LR N 1. IEFER, X PER=LERGEARS
FIPCEA R, ATCLRAGERMTICR. A ER. Z4ERISRIMIORA G R, JUHOE R STHLE 2 A
N BRALIE R it A B TROULEE K HRTSA T T T T AP T2 A 5 SRR o AR T R A 2 B ) S XS =
UERBHOR, BARFE T [R5 SR G IR AT BOR ML T SEI0 S A S ik = 4ERAEEOR, FFRES S 1EZ I
JERIAEE . R BTSRRI  5T B BT I DL AL S IR R (R REA R A OO S5 4 75
B, BB RAL X G2 = AERALEORAE TSI 2. MR RIS & SREE. Jbek. Jetis
JEULK 3D ITENR R SERT BRI BE R 2 OFE T, DU SE 2 SR A S A 4 5 St

E10-40
Woom AR A3 T S PERE RN X BHER B CT M
&S )
= A N

BB R S SRR . MR TSRk PN 2B, B RiR . (R0 M3 s S5 m
HRARFREE T B A5k R e PR IR AR wT S0 H 25 32 BU5GVE « ARE N SO B e i) 2R 584k, I 97 R e
B, RSURERIRBB BN [, JFIEX S PFE R 2 T 00 N 45 i 5 MR R A AT N i) =4k
ARG S AR, O PP FR AR A i S R AL R A R S X CT SR A& ™
IR MRS, G R RS SR GE R, ALK E R G RE A R A5 K10 R
AR . RIS RS R 2 RN, MR Z R G R NIRRT 6, RERS
FER AT SCBURR & M RHE DT 1005 . Wi AT RS RIB L RE IS I . 2 R GRS, KA
s L0 R AR Z5 R - BERAL SRR SR, HES AR TS tEVPA i A4 e Ak B REfL
JT R

E10-41
BAGER A S0 57 RGN EREA A X B hIRE A BAR ik
WEEER?, AR 3, BRESCC, WY, RN, TS, i ®, g, dikt
1. ERNE R T
2. W EFRERER
3. AEIKE
4. $ERE R b
5. MK
6. fR/RH T R
7. PHREACIE K
8. HpEIRl b b e S B
9. PHIL Tk K2

X RA B AR R G & GLHEOVBKER a+ B E&kEe, Bl Ti-6Al-4V), &= A
J G 10°N7) IRIERARAESA (RLATEE R=-1) INET, 555 REGEF WA B4 T 50 (R, Bl —4
HEANBA RSN RL A X (RA, rough area). BEFEFYIRAIHER, FE0HTAE X 2 BH MIRFER
T ) R T L 2 N AR e 3. fEAR SIS, XA e v JR R 05 (SRR I —, i A P
20 A XA AR T e A R 57 DX 1 i R o7 A R B 5 AR R 2 o SR, AT, FEER & s
TNLIILER, AR G P 2 N AR IR AR 57 RGO R X o[RS, G 7 PO N AR A AL S T 1 B
JILERt, BB ORI ST, 1A E MO 57 o

STk, AWFURE A BAT SRR ET A Ti-6AI-4V S &5 AR AR N T, 15
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T i I B R 57 2R S0 A XA AR U Y 38, DRIl 4R 7 B o P P R AR B BRI s e X 2k,
S A S vy L 57 AL SO A X T RS R AR S = 4 A . S5 RR W, TR AKCSE R, % R
ERAIGY e RO AESAT N WETEN i it A PR ICE BRSBTS S0 A B i FR )
SN I R ERS AL AR, KB BEBR B A E RS H TN, BEUAN A S 6 L T vt o
ETpUN

E10-42
Tl RBERER B} 77 4 B A FE R ) R AL BRI 7
EifE
1. PH2A5M K

PR T RIS SR ThRE — AL R S - SARIZ — SRR UM AT S 1L 5 AT AR TR S T
HORAGE I ESR . R, LASE LB SR AT R — RO R I ZACENLFE 348, d ot At 2 28 =
RMETE, 55U TCHUE R IR0, A AT R BRI IE . 9 FRBEX — BRI N ) S B
i, ESE a0 v Bk s s B — P S A B AR — IR a7 X ORBE Rl A R L, L o R
EHIEELE TR, ST I U B R AR I B SR R B ORIV T . AR IR TS WA R SELL T
PIJTT : 1) 4B/ NREERE R SR “ b R SR 7 R 20 A el R AR S IR, R TRl R
PICENE” — kS5, THBRRIG . S0 ik A 200 R B S 4R s

E10-43
XAFS &£ 5 2 A BR3P 5 N R
AT

1 ZRBRESER R IR A

X PFERIRSRE A EE 1 (XAFS) BARBOR H A Ji 5 R &0 45 44 S i AR AR A 4, al
PRI AR & 1 SR 3 L S5 UL R P S5 H (5, IR i B A 22 . FPRREE . REJEIASG
ML SR U o SRR T P AR GUR I XAFS S8 2 [RT-HUN 55K, AEAAS Rl 2 B AR AT
oK, LB AR B T 2 AR ORAE KR AR B A R AT ROR, B EIFR T TableXAFRS 4%4%, Al eA
O LE SES6 ST 22 PR it (1) XAFS/XES MRS 52560 . AR XAFS SR JFEL K, dhi & it
XAFS IR FEPIRE SRR RS, I AACEAEMTRIRAL B S AL 526 HH i L FH 2t Jee

E10-44
FTFEOEHE A AR TS W -5 TR AL I AR 5T
BUEER*Y, IRIRAR T, AUIE Y, BRagig
1. MR R

LERAT BRI RAL 5 A6 IR PRI AR HI R REAT AT SEVE RS0 8,  BEAE AT RHE RERR SR A W3R TT,
AR T AR 1R 0 A 1R P R AR AN IR A A R SR MDA o WO A — PR L AR U
P TN 7 i, RENS SEBU/INGRIE )i 20 A AR AR o 25 1 R AR 2R ST o AR H B ZA A
P BAFE SO Gl o BB BT AR T R R A N DT T e e g, SRR T AR R A
RIPL PUTIRIAE, H L B0 %O 5 B BRI %, RTINSO & 1 T b
s R T3 R A BOCE RIS AR T, A5 A ORI SN 2 S A, SEEL T AR AT P AR
PRRFE R > FE = RBUEIRI S R8s KR T 235G T RBoLE = BRI RS, M BOLH 7 m
FERTETBAT N 73 A 5%, SRBL T Il AR PR Z R IR AL I o AHORHIE FU R bRkt A 1
RE VPO RIRACAT i P03 fit e 1k BE AR AL T v 5 B P A A B 4%
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E10-45
WA EAERAF A “HRBEES” Cu EE S ERTIRIURBHIE
BREARZ* Y, BORME?, VRPELE S, REE 2, gkt
1 R KRG
2. FRRFMARIGE T
3. M IR AT T B

JEHERY IGBT S AF A D 3% . AR A R XU eSS 3y, T2 N T R Bt e . e
HEL O 45 e K Dh A L R Y e 4 o CuiSn R EIRBHEAEIL R IO PUIR A VR RE . IRIIZAK R B e A e 1
PR OB R AR SR, Sk IR B R &Y AMC) ARG 51 R WERE, S8 i
b g gl e BERT RGN, A R A5 A LU R ALY B AR ONTIE TE R . ABFFE LA CulSn B 547K
BRI TN B R R A R GO R JRAL T A0, R GRS NS - A A R R AR ST
SCHHE, MFHERZRIEE S B (AC-TEM) X ASTERMAEHEAT IR 1 REERAL, 487R 7 WAL &
TR BIR AR AL I 22 ROBEAR TN o G P e i 00k 22 2 1 3 5 i e 5 ST 2 R e R FH B,
HRSEIL T REUEZ ST RN R 7 RESESN . 32585670 13 1 2 M 2 77 2 2R 0 4y
HENL T MDA MERE S WO S M 2 ) s BRI T, TR S g1 0B R 2 RO SU T iR &R

ASCRAJRAL 125 5 S5 5 RERALANES G 7E, REWHT T CulSn EEIREHEL KB RAT bl
il SEERAREZN], ROWUEE CuleR B SV AL . POREAN BN 5 R 45 H e s 15 3 R EUR E
=, R m R ITIY AR, IR S WA B AR . T RUEBASMINEs 1 Cu Bknid
FTFLRAN SE IR B BEAL I ROM LR WL I 5 N AS RERE R A9 2 5 3R T WEFE R, R &
WA SR S a R A R, SRREC R I ARLIE Y RAHE, X R WIS TR A R
UEAk,  BBEA B ES A R ) Cu BUREL A R Bt O g A 537 g, FLIEBIALAI 32 2R T R EUR I /137 5
IR I TR AR T4k LUK T T RE AR RO SR 55 2 BN . TR I T R BRSO R AT AT N IR AL
i, vl SRR AR B SR AL 7B B NSRRI R KT R BT A AR i B R

=
S

E10-46
FETES R B ERAIRE SR S XCT 7EBG A SRRk I = (1 B8 ) L B
MFEEL, FFEY, ZEw, FALR Y gkakTh RS
1. HlkE
2. RISt eI 7t b

S2I6 X SHERFEALWZ I ER (Lab-XCT) &0 72 0 FH T 3844 il 3 A0k iy sk A0 . 4R1m,  H A
Lab-XCT SE56 H BIAE & A 5] BE AR RIR KL, 78 X SRR R e £ EAEE B8 2R, B fliE
AT [F] L G A% 57 2 1R 52 W AR AR B R AR 7S ASHIE FOE I B TH AR B F JEEE SLM il &4 i
(In718. SS316L. TC4 Fl AISi10Mg) X FAAEFI £ it X BT RUE SR, B [FB 55 XCT Mgk = XCT
HHAT TSR0 BhAh, AP S ML . EUEST b Rl S8 S M R G 7R R R RS
PG E XCT B SR, RIS B FLER X 3805 B0 X 3108 5 R Z(H A B 5 RIT, 3RS A it
BT BT, AR T — P m g S R B TE S R R R T, AR SR
%= XCT BT ELEE .

E10-47
BEIEER M T 2R Al-Zn-Mg-Cu SE&HRET SHEERAE
TR, RAKT, E2MEL, xumt, Bkt
1. R
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7E Al-Zn-Mg-Cu &4, Wl i oo fE SR it A BE e AR 07 G & — AN B PR . AR SR H
TR AR SRR FH R AL (VNRRAY T, H5HEHERE b (T6. T77 #1 T73 IR #4717
TR LA . 1208 I 20 T2 AR IR S S TR B iR U THR Y BORD 120 °C 285 2 Be 2 ik, T LA
[E 4 m Al-Zn-Mg-Cu & 4 (158 A it . ASCERE TEM. APT Z8RAEFBL /124 ERE . TR RED
R, RGMIF T T ZE &I AT AR PRI . GRS E R B, VNRRA BAH SIS FE
Az, (AT B 2 R A 5 s PR R B, A I SO B AR AR R T A Cu B =
T R WA, RO R AR G TR BT AR B AL 7R 120 CCERIRET A B, H T iR
VAR BV T R BT AR R AT R SRAAE . 5 T6 B LE, VNRRA SR ELAT B8 vy (1 B AN e AR B2 . [+
i, ARAGE) VNRRA AL e 5 T77 WA 24

E10-48
BRGURE LB T AADR 1 s RR FrIRE M
AR, B E Y, (TR, BRGE
L Jbs R

TRANKE (CNTS) DRI HAURR (1K) 45 My RN AL S 10 Sy 24 e 2R B, B AR B R R R S AR 2 A4 R 1
SEAH . AT FUIE T L R EERR AR E (SWCNTs) FIZEERRGUKE (MWCNTs) [ISEREUIR, REGRT T
BRANKE S5 MR E ST A 2 2 A MR RE I 22 S . SR BT I 4 F ORI A5 B 1he 4k (SPS)
6] T2, o el i RIS 2 T2 B SEL 7 CNTs R 4% Cu Mok B3 FE7E Cu AR TR 155) 70 4
B J5 R A SPS PRas b 4 il £ 308 A MR SRS 7 iR B, ARAL I A THAE I T 248 CNTs H 4k
ETEE T SRas & i P 450« 1t REINR 7, MWCNTs 3543k 5 & AR P s ik %) 262.5 MPa,
Ealid (212.3 MPa) 71 23.6%, HE# T SWCNTs iRk R (233.1 MPa). 45AMEAERIIZ, 7
R R A S B2 (MWCNTS/Cu: 95% IACS; SWCNTs/Cu: 96% IACS) HIFEIN, E&MEIRE T &
EREESET: . AT TR RISE R CNTs MR R bLE 22 5, T, 5 e sfupE o (0 55 A s 1
REA S A MR PR A T R e S AR S8

E10-49
F A IR B R SRk A it 2 BB
B4
L o AR T LA S

ULEESR, MDD RERR B R TR, A BRI AR oA v o 5 9 S DAL T IO 1 — A E A
Forie TR TR IR AR il om B, SO Rl I, I s R A
wr FIE N E T HAM AR B EE AL o ASCKE 6 TS F HUAR S B T AN R i J
AR B F Ty I, IR A oy 5 o EE R A ST R R M 1 AR S A AR R L RO . 45
RERW . BEE ARSI R, A i i s B ST KRRk, X AT e S HL B AR RS AT AN AT 9%, AT
LU AT 7R RBE R 7 M T AR RN 5 AE SRR HUAR I Bk s AR A B 17 9 Hi oy 2 o 8 11 J5 AR, B Pl ol 25
50 L DR 45 SR BEAT: it 5 BERE N T AR AL, I By —Fh D4R i Hi oy 5 S ML e 6 58 R B
Z 2B ERE PR T AR T R R RS, Holek REUN TR B A EEAR SR A T AR -

E10-50
OB KRR Reng 142 FiR A GRG0 5 AU B H i
FLEER, DAY BERES st
1 bipAZil R

SR GLRRE R TP 136 v 55 5 < 1) 5 T ) 6 B2 ) R, R0 A WL B L] A b e i i vl 75
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BRI (1 B o o AR SO I DAE 4 iy i h-5 René 142 & SAE ABIE TR G, R FH BOBK R IR G ] & 1T 2. (LPBF),
W 7L LPBF Ren¢ 142 & 4 W R GUER A B RO RS, H BB AR KRR T R
SR (HIP) JEAcHEXE DI BRITEN & IR S, alid St BVE TR BE+HIP T2 (SHIP) A LA 2L
HIRA SRS, R TR EE AT DL 3 PR A S S, &M T RN JIHEE &3, ART
Ja 4k HIP AP B340, SHIP JEAb3AS René 142 &4 =E FTREIH M T = ERBMLE S, 1000 CH
R AR R B A S I s R, (HAE BRI BT 6 o v ] DU £t TR0 et A 4
(ZGH4142), BEIHRZE AR AL B HIFEXT LPBF ZGHA4142 & 4 (IO 2R J1 2 MR O s m B A, ek
BAG TN R PR e A 1 Y A G SRS S R

E10-51
BRACTE ST 42 X RO 45 M SR AE R L 3k R
SRATRE Y, JuAE Y, xIEZE L, rhER 2
1. P EPURACE AR TR
2. AREESLIHHM A IR A A

PR SRR i PUE SRR ITERE, AR SN f A BAT B (S Ao AERRE
HEEME, BRACEELTLERI RO A5 AL R R e 1 H MR RE . DL, A SCUATRALRE LT 4EAE 9B FOX 52,
Xt SIC LF4EMESH . oy BRI IRHEAT T IAGNE4S, # XRD. SEM. TEM S84 I 60 %% 70 #7 ¥ 5
AN BR AT R L, R T AERRARE LT AE RIS R ZRALE Hh AR A o6 R TET R FE « PN A A8 A0 55 ) 7L,
il & mPERE SIC £F4EAN 58 3 AR AL TARIR Bt 7 5%

E10-52
HESE A S0 TR I ) R R TN LR L
ete M2, O, i
1. FHHWTTR
2. MR R

A0 SETTHERE SR G AR — PR S SR AR, AR IR IR T SR TR AR . SRTT,
PE AR AR 2 v iR %) 5 MR 35 A 1) 70 257 B S AR TE LA i 5k = R G 7 o AT 2 LA — P AR 46 i - B TiZrNbTa
FIEGEANG, T 4.2K 2 1073K X [AIFHSEE, R bH 7 5 Eae ik, 454 XRD. EBSD
ATEM R, R 7 FEABHEIREREREE . SR ER, &4 RRERHERE TR R, (B
TR IR R IR M. 78 4.2 & 77K X 8], B3 EM{332}<113> 2 g 5 FE 35, Hp
4.2K {332} £ FHLH], 77K MR {332} 28 ik 5 % FEAL R A7 . 185K I, IR B B R A 4 3 2L
MRk B RS E, (AFATAT (Kink) 89724 R AR R A 28dm) 1 et A8 . =i (293K) R, &4
DAL EIE RS R, AEBE{1123<111>48 5 K 34 e TR B3y . IR IX (573 3 823K) 1, @i I A LA
R LA S S TR (micro-kink) S SR TEALS] . 7E 1073K Rt W82 2 8.3 (1 Zh A L 45
170, FEBE SR AR A R b R S AL R T . AWF L RSB R T TiZrNbTa & 478 58 iR R 10 12447
R FAH LR A, R TR & S BIN T  BRA A R W i PR B3 AR AR DA R4 T B AR

E10-53
e e SREEANREREEES R ETHN
HEA L EmH L P
1 BEMKEM RS S TR

i L TEREAD S R S MBHERT SR . i 7RSSR 26 75K, IR 2 nin G & 5 MRy
SR AH 2 8 (R T 5 S S R R BB AR ORI B R R i BT VE 5 RS B A
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RGITRE T Al-Mg-Si. 2014Al 5 7075A1 =ML Z oA 448 SiC. Si02. Al203 (Hig C iS5 £ )
S BAC Wi & EL % F gt M ST AT Nt Ie, S5-GR35 50 i 5 SO 25 /6 R AE, 48
N TIREE A& 52 R ZAHERAT MR DI 2 L] . SR, AEG o RiEd s
TS 2T 5K ) B R A HLAIDA VR AR B D = AR R 5o, B2 ua & h s R A AR IR 55
RN B T ARG SIC TS T2 A% O E FAE T35 AIAC3 N = IITE i, AR BRI [H
B, PPl T Mg, Zn 78K 5B AR RS A6 B il A DR T PR, 3R H T R N T R R AR
VRRIEVRAT A IIHLE . AW TN T 2 088 & &SR R IR AR ThBdR 4L, G T R Em AR
R, AR SMERIAE T2 SR 7 5 2 1) 3R AR 5 DA S

E10-54
BOLB KRB R RIET H Al-Mn-Fe-Sc-Zr &4 H R 5 MR 9T
PR, OBEHEY, RER
1. g K&

A a R IR AR SR N 2 R AEAAR A AL, X BR ) T HAE BT S IR AR 4 ol sr 21 R 1)
WA EARTR T, EEIRT Fe &8 (1.5-3wt.%) X} Al-Mn-Sc-Zr & 4 HIZH L4540 5 = IR )1 2# R
s, R T — R A T 0S8 R R AE Rl £ 10 %7 2L 74 Al-Mn-Fe-Sc-Zr &4 . W Fe JuE M
Al-Mn-Sc-Zr &4 i b AU L5, Fe FEELL AIB(MN, Fe) ki i :0A7AE . 24 Fe &M 1.5 wt.o%H N % 3
wt.%M, AIB(MN, Fe) Rtk MANZE SRR 70 AT 4 A8 IEBEMDIR 73 A o I U BRI 242 Al6(Mn, Fe) Rtk %
BRFOE FelAZE Mn %72 450, HIERREAFHTH 21.0 nm 1IHERZS AI6(Mn, Fe)kiFF1 3.2 nm [
AI3Sc Ki ¥ AN 1.5 wt.%Fe (K& &= HRE A 529 MPa, FE{H3R 15%, #F—S4RTF Fe & ERKA S
PEBME . ZFeEEHIT AIB(MN, Fe) Bk Bt S A As e 1, JBURLE 350° C LI (0.013 nm3/s) #H
Et AI6Mn kL (0.062 nm3/s) F#AK 1 79%, (E15-G e LI = i /1 = 1t Re . W0 1.5 wt.% Fe ()&
41F 300° C FHIEARGRE AN 264 MPa, L[t Al-Mn-Sc-Zr & 4427t 20%, F£7E 350° C R REF 228 MPa
(1) e R 5

E10-55
Insights into irradiation-induced defect evolution and segregation in metastable high-entropy
alloys: effects of high-density incoherent planar defects and temperature
SR T, ZEEmE
1. EERY

Strong and ductile metastable high-entropy alloys (HEAS) have potential to achieve excellent irradiation
resistance with the presence of multiple principal elements. In this work, irradiation behavior of a prototype
metastable HEA composed of face-centered cubic matrix and dispersed o precipitates was systematically studied
with the focus on revealing the effects of temperature and high-density planar defects (e.g., grain boundaries and
incoherent phase boundaries) on the defect evolution and segregation behavior. Transmission electron microscopy
analysis shows that dislocation-denuded zones (DDZs) are formed in the vicinities of grain boundaries and o
phase boundaries after irradiation at room temperature (RT), whereas dislocation-enriched zones (DEZs, mainly
faulted loops) are developed near these interfaces upon irradiation at 500 °C. This is mainly attributed to the
temperature-dependent defect mobility. Upon irradiation at 500 °C, Co and Ni tend to be enriched, but Fe, Cr and
Mn prefer to be depleted around dislocation loops and interfaces, which follows the inverse Kirkendall
mechanism and has been verified by first-principles calculations. Moreover, grain refinement and precipitation
lead to increased volume fraction of DDZs at RT, whereas the absorption of defects at 500 ‘C can be promoted
due to enhanced defect mobility, enabling a more prominent irradiation hardening resistance at various
temperatures. The work rationalizes the enhanced irradiation resistance in fine-grained metastable HEAs with
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dispersive precipitates and provides important insights for developing irradiation-resistant alloys with excellent
mechanical properties

E10-56
SRR BEAT A IR
AN
1. PRSI RE

AU THM R ZAAE T IR, (EARRB R T, SIRESHEANRZHERBANG S
TR, FEM B ES SN . SRR AR A A S0 . ARLEEAN IR IR,
12U E AR AR S S B BBV R A e 5 R A S A R . SUME AN B AH DGt 9t SR E 4R
B, EZERTEMRE E, BSRATMT AEZ AN ES oL .. SRS #HE TS
GBI RS . SIS ROWER A A BAR R, JEIE SR A R 58 BAE R R S AR ST L] ) Al . FRAT TR
FH e i3k AR PR 325 539 P - S OB AN AL 90K 7 2 IR, ZETOML R BRI 98 1 S0 B2 45 Ja - Ak FRfou e
FARIAZ BAER o FEEUN AT AR 7 T, B T & Jd A S A S AR A K RO A, RIE
ARG T 4 B R M 2T I T, ARk 7 4 AR B 45 4 8 A2 (19 5 /) A7 AR A (Nature
Materials, 2015); A B SR 2 LAZE i T Sn/ 8 80 A TS B 5 58, IR 1 RIS AL i
MHLH (Nature Communications, 2017). FEZNEEAT AR TR, RKIVE LLE S AL R 200 48 b o
F=AEBRET HLAY. (Nature Communications, 2016), UFESE 1 & RE(E 3k IR (7 442 31 (Nature Materials, 2023),
[ B 7 R R ANk o A A IS Bl sl S A ORI, B T A RS B 1 BELASAE F T RSN T, R
T T 0T S 37 B B RS AR BT IZ BN 7 SR T SR T RN BN A Y R SN S ST
il R T S RSN G rh fi HE B A 1) 2 T A BUT RIS (Corrosion Science, 2021).

E10-57
MRS RIT A SHLE R AL I
sRUKP, T FRRIA
L AER R

b R A RE T Y2 N, S ) R 5 H o NG e ) ) B I A R AR N . TR
IR, EMEAERIER RN AT TR MENE, AT 5] NTREL9 KR, AT LATE 5
WA ES, AR RAEREBHEIRE, FRETE S AR E S, AT a9 i S U o 1 i i At B 55 07
ERBERAERFE PSR, TR B A AR TRE G, IR AN B AR A
FRAT R SO . DRt TREERAEAL. w3 HE 7 VERAE A R RS AN S5 R R A B A T HEAH B &
FIRAT N IERNT FEILOWALEE, S G R A AT S b SN I T R AR R 10 48

ST A F R BRI P SRR B AFAE 22 57, LA RAT o L3 RO B S B e s i . A
KA. A3CLL Ti2CS. NbC. Fe3C. Cr23C6 VUFRIAN [ Bl 7 Rl 544 (RR ALV E B T 5 B, 456 R A AT
FUETF R SCIRET BB (SKPFMD . HLFREE IR (EELS) FIFIHHIE S T B EE (STEMD BRI AR,
FEEZ RS (DFT) 15, BB 7B (ETEM). BRNAS#E R R {# (SSRT). ZMET (HMT).
L (TDS) 87715, IRABEAL TR (I SR T A S LB, DA RIR, $R70 T TR X ik
W 5 EAR I EI IR RE I s, AR ANt RE R . R EEE R

(1) Ti2CS #r HAH 5 Fe AR JESLAs S B AN R S 3RAT A S LB 7T . it J567 SKPFM-FIB-TEM B
AR, R 7T SRS 4D IR T Ti2CS JEHAS AT AR 5 564 AL B AN R S 3R AT A S HLEL,
SKPFM &5 3B T AE 3 AT RS SRAT y, A L E 3% AL v] DA SR AL, A e 3Las S m AR IR A,
FERHFE T STEM S5 KB T Z Rl R0 S 57 O 2546 540 2R E, $E7R 1 JEAs S 3k
SATNRINLEE: Ti2CS ATHARZR AR (AR 2SO0 AT I UT A0 J8 AR N AR v e 1 JE S S I A IR T

(2) NbC #r AR5 R IR A% T AN P ST S R T A S LB L. RHE )2 R 5 Ti2Cs
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SZEFIASTFI NDC #1HiAH, @it SKPFM 5k R IEE 7 NbC JE3Es T AR S AR sh S E/EH - 5 Ti2CS
HrtHAHAS ], NbC At A F T RAFTEA IR SR HE R S IR RIS 3RAT v, WA WS A 3R A1
WA, 4565 SKPFM 5 ETEM &5 1%, ArTReidt N NbC FEHA% AT tHAH A 38, FF551k Nb-C 85 7).
ANFAAEFLRS NDC #1 A S SR AT AAEE 2 e i, B B T4 AR 5 S5 A R v 96 2R« S T B 30T DX 3 A 1)
SRR R TR A R R AR AR I N AR S o M R B AL AT ST A 8 a3 e Y AR 1) 7V
BSOS ERA) S R AR I AR, E AR S A SRR ST, WTRE A B TR H AN

(3) Fe3C GHEARFmE AT N ENHEM . ET HIRGER, @IS H KRR, SHfHE, 5
TSI BRI FENT G, I TR AR Y $2 BR G ARER H F E IR IS IR A 5 4k 2%k S THT PRI OV 465 W R Ak 2
fiE, #54 SSRT. HMT. TDS. SKPFM il TEM %5 /7 VIR AN 78 T TR AR X Bt A X S AU [ 52
SERLRI, SYTINAR AT LAY ST HUHE I P AR B B, R R R AR S s itk S i A R Re 11, St
THT PRI R AR L B 25 67 IRI3G AN & B 1R 7 A R T HORN & A 32 B BHAS R R R . 109% 7 AR 5 S089 Hh 1
B SIS MAE ST G 2, AR B R EE, R TEaBIFR, B TRmbiEEr:
REo DAL, FEENBRACYDFISRAR FRI B 2 RAR, 2 — b Ad e 10 e i B AL UM e B D8 R I m)
AP0 %R BT VR T DAHE S N DT HE AR v 2 A RE B AN R

(4) Cr23C6 A RAT N S HLELHF 7T . Cr23C6 & B P Hh e 2 B Ak A, 5 38 3 0 ) 176 &
Tt PRI RERK R, S AR R & A B LI & 4, R R AR IR TR, BOR BRI
THARTTENETERE . At, EEURR & BRI 316 B RAKANER AR TN B, B TN AR 5 N A
R, FEI RS S Cr23C6 B TEM R R BT i . 456 TDS. HMT. Ji 2 EELS F1 STEM &5 13K,
Cr23C6 #i thAH 5 He A AL v] LA SR A . H S IR EAT A I ROU LR AT H A 4 ST 1) 2 B A 4 A
AF . SREALY) Cr23C6 BERTE A MEPRG npr A NatEme, XA EIRRIER, TR -HT AR &5k
RO, AR mm bt S IRAE AN, A B U v o B T FH A 10 e M s 1) R

E10-58
RS S I TR A SR 5N HBE
23
1. TR A AR

A G R AR R AR v] RNV, SO R R B IR — RIS e E M kL. 28
MM, BRMIS T % HE ARG MGG AR IR NI R ML R /0 i0s, SRR, 2 AN Tk ge
HIR, #27 HEES MM EM I THl&, Ak, ACRAEEFIE. mHELRASIE. ZEKAK
JHAIRKEZ M TZFB, bl 7R F A RS &R . U eE KRt 1000 mm, BEJE
REPEHIE 7.7%0LN, JEIRGEEE L 230+£8 MPa, IRt sEEE N 290+8 MPa, fifi K34 23.8+£0.5%. %
Gt IR, SR IN R 2 2R AR S AR AL 52 B SR O R A T R 4 B ) R . R T
AR RN AN [F] ) = FAS AL, HEUE A B AR RGE S T MR A E A 5y, T 45 S dn
WL T B AT R 55 I BEALAL 1B ARG . 3B K G, HAA{12-103 B A] ) ks 52 30 H B K )~ 38 ok R
KT RAEERR RS Besh, BEAGE I, MERREH . 55 AR LA R & &0 2 IR BT 2%
e AT N B AR E R o A TN PR AR AT BRAREE & S U B A PR AL T RIATIR AR, L T RO
W GBIEHLE ERAE, A H B B OO TRE B A

E10-59
Ordered Coherent Core-Shell Nanoprecipitates Enable Ultrahigh Strength and Near-Zero TCR in Ferritic
Multicomponent Alloys
tRihak t, ZRAE
1. PRk

To overcome the critical challenge of achieving high strength and near-zero temperature coefficient of
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resistance (TCR) in resistor alloys, we develop a ferritic multicomponent alloy through compositional control that
eliminates brittle grain-boundary Laves phases and forms fully coherent, ordered core-shell nanoprecipitates (L21
shell/B2 core). Scanning transmission electron microscopy (S/TEM) and atom probe tomography (APT) reveal
the atomic-scale structure and compositional gradients of these nanoprecipitates, confirming their coherency and
ordered configuration. The alloy exhibits: near-zero TCR (5 ppm/K from 273-673 K), high compressive yield
strength (1208 MPa), large compressive strain (>50% without fragmentation), and high resistivity (145 pQ-cm).
Comparative studies on alloy variants demonstrate that the core-shell nanostructure enhances strength and work
hardening by impeding dislocation motion through dual mechanisms (tangling at shells and shearing within cores)
while promoting dislocation storage. Furthermore, the compositional gradient across nanoprecipitates tunes
Kondo-like scattering to achieve near-zero TCR. This work provides a design strategy for low-cost precision
resistance alloys, combining stable resistivity over wide temperature ranges with high strength and
damage-tolerant compressibility.

E10-60
AR T 2% Cu-0.44Cr-0.1Zr-xMg A& 45 #1514 BR i 4%
AL, A, AR IR Wkt
1. 2T R

Cu-Cr-Zr Ga&RHMRLEEIERE, 2N TSI MESE . il ki fih . 4070 e 4 R A5 % il ik 5540
. MEESRNESSMERNAZEEL —, EEMNMg TR, MUREEHE REICE &M EHEE, M
LA G A O 5 58 Bh T A4 SRR R D i SR . T, ARSCEE Mg FE R YA TR, Wt
T 153N Cu-0.44Cr-0.1Zr-xMg (x=0, 0.02, 0.05, 0.1, 0.2) & &k %R, IR S EEL S-S H 5w
A ELH - R BT 20 AT I T &3t — DA EL T (TR & 90%) J 450 °C/1 h VAR N 35 b B )
Z RV SRR T R AN R T, BEUH RIGFIEEAERE . LIS T BRI AR TR d R 7 I
RAC R R R AR A, AR TERRAG, RN RO RE R, CronZR BT H, A 7 s, (6
G THEREREGE 80 WACS UL L, FNihimEEFFEL 600 MPa IE m K. Fiale
Cu-0.44Cr-0.1Zr-0.02Mg & & M2 AMREE T U N R, TELRFF 589 MPa & fu i 58 B 1 A I S8l 1
84.9 %IACS K FHE; LT — W EELH IR B H ) &4, PUPRAESLH CRABTEEN 90%) 45
4 450 C/1 h UEEAE IS 8 A B i AP 3 SR RS TRN, AT RSN 78 45, HRE RS B /N 40 A B IR 5,
P B R, ZERELEEH, LA T ZRIEGERESSHERMDRMTMAL. Hh
Cu-0.44Cr-0.1Zr-0.02Mg &< I EE 04 214.6 HV. HidisfE )y 608 MPa 1S H1Z 4 93.2 %IACS. 5G4
— P ERELHI AT B 90% K& 450 “C/1 h WEfE I A BARLL, &I RE 2 AIFEFE T 9.7%. 3.2%7F1 9.8%,
JEIL T BRI LA PR

E10-61
B R GE A TE R HSEIE Al-Mg-Zn A& SEIREE - b A
L RAeA HRA, s
1. R

VG 2 1 72 24 45 4 SR ARV EL A AT ST 70 0 s o AN SR — R ORI AR L T REs A B b E T2,
158 XU oKL £ AI-Mg-Zn A G I R FR =40 12%, 5% 543.7 MPa, [A)I UG ZEHfd & 4R T 4
0% A AR 2R o 5 FE SR TR T TR O A2 A 7= 2B 1) =% B Guinier-Preston (GP) [X BA K TN AZ 5] A [F)
KEMH, HPEILFEIE T T ARS8 S )5, SUGE L5 14 P SR B 58 T AR APt Re 71, T %A
T TR AR S AR A L SRR K
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E10-62
Cu-0.44Cr-0.1Zr-M & &REFLHIHR R LR
XL, A, i Y, AL AaEt wiEns !
1. T K

ALLL Cu-0.44Cr-0.1Zr &4 A, MERIN Mg, Si 8 Y JT&K, M4 T Cu-0.44Cr-0.1Zr.
Cu-0.44Cr-0.1Zr-0.05sMg .  Cu-0.44Cr-0.1Zr-0.05Mg-0.02Si .  Cu-0.44Cr-0.1Zr-0.05Mg-0.02Y .
Cu-0.44Cr-0.1Zr-0.05Mg-0.02Si-0.02Y (wWt.%) FLFl &4, FHXSH A AT « A - a8 L H - 207 a2, wF
T T AFIRES G EHR SRR . 4R RY] Mg MY JTeEX & &R AL RCR I &, BIASEET
H SR AN A LU S B & WA A EFEE RS . Cu-Cr-Zr-M &4 445 84 60%. 70%. 80%-. 90%. 98%
PREELHG, SRIRAZ 107 M AR T 2, SR A RE 3, 5 s SRR 5 35 7E T & 90%H
PAFRNKAE, Hrh Cu-Cr-Zr-Mg-Si & & 45 At Re i R, FHZHN 66.5 %IACS, ffifEHN 215.4 HV, Hifi
SRJE N 660.2 MPa, IEAHEN 7.7%. FLHIZS Cu-Cr-Zr-M &4:7E 450 ‘C/ 1 h RS, ~F3 &k R ~F R ias
K, M A A B B AR 5] . AR, Cu-Cr-Zr-Mg-Si & 4 (23S VRS SR e 58, B 232.7 HV,
PrhinEfEy 723.8 MPa, LEffZ$EE N 13.5%, FHE KT 80 %IACS. MEIGHE MBI S E T
Cu-Cr-Zr &4 MR, Ho Y TRERBINE SR A E.

E10-63
Developing lightweight refractory multicomponent alloys with excellent strength-ductility synergy
Bp
1. FRgRE

Refractory multicomponent alloys (RMCAs) are considered promising candidate materials for
high-temperature structural applications that currently use superalloys. However, for most of the reported RMCAs,
their poor ductility and negligible cold-workability at room temperature have hindered their use. Here, we report a
new class of non-equiatomic NbTiZrTaAl RMCAs that can be cold-rolled to a reduction of over 90% from the
as-cast state without surface treatment and/or intermediate annealing. This excellent cold-workability is facilitated
by activation of a high-density of dislocations and seeding sites to disperse planar slip, such that these RMCAs
can be rendered homogeneous at lower annealing temperatures for much shorter time durations. In addition, we
report that the RMCAs retain their high strength at elevated temperatures and exhibit considerable ductility at
cryogenic conditions, evading the traditional strength—ductility trade-off.

E10-64
TR HIE R R e T A s T S RRAT NI R R VLI
AR L, X
1. bR

bEE ER I AR, IABRIRIZ (TBC) MRS E M7 AALHs (T-YSZ) MIBEBIERE I %5 K
T AFCKAE —VEFEETH R R G 7 T-ZrO2 F1 T-YSZ A SIS i AT .
ERRYVBAEM PRI PIVESREG,  JFE R e B el i A i D7 i AR 3 Zr-O B 22 52 AR 3K
HLF o A AN, TRsE 1 51 R RSB BRI o 5T I ab TEE R B ¢ il SE S AT, It Y S % 1) S
BEAk, Y-Vo-Y BRI 1 AR R 700 p 47 oty FEAR T TR e (B 22 ) R T B SR PR R
1 YSZ JUEIBIERE TN — I R B v 2 LR E Y 9 A7 RN, i i IR e L H [ A SRS %
A SRR X —WFFCRIEA 1 S SREEAE T-YSZ Fr AT L], Oy SRR R IL] TBC MR AL it

BT,
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E10-PO1
AR T RS SEM-EBSD £ ATE B AT B 45 R AE i R
W7k B
1. BT (E B EAR A RA A

ULEER, BREIRBORAE E X “BRIKIE . BN U EE H AR5 SN, AW HE. e
MOy — R R RER,  BORFFEARAL CREAN AR FIB B, ORI (1 MV AT FEN LR FE S Lt &
RE SRR Rt S SR GUSABAE A WOIRHBIN s RBBEATHI, AR A BRAARAL AR BT 7 1] L

BEE B EARIEACTH S, A2 ™ dh AR L 2 s PEANE A A 25 5 T EOR H 28 ™ 4%, FRIt A2
AREFR TR EL LA AR SRERE, RSl £RibpxdEds, wrhes
BB SRR, B I PO H I RS eRE L W T T AR T A AR B S (SE N B ARG
T SRR B R BRI L T R R RS GE A R AL R AL B H 2855 . S T B (SEMD
i 5% AL ORI 30 B ey A8 A, B R RS, AL BeTE AN = T, ST iR G

= o

A ARG JE 7= 22 1B BER B WU ) 52 AR ZE 451«

R AR AR A 2 B A

BE B — A2 FUBE (JERZ 10-30 um), ARG ES IE b, RN foir B ARz O DR . JUHAE
HRIZ R, FRIRERR S AR, BHWTES ehm, Xiib g etErE 2o . E SEM i
B IR T el FL &G A, thPIE I el B TR (CP) W TR D) T il 26 B AT A bl MR LU ) s 4
PR AEKAN AT, AR L TERERIATSR T, LIRS, STt ik Re .

S e WORL bR AR S5 R T AT

SUPBEHLI ) A% O B AR, B AR (PEM). fEALGT). AT HUZ (GDL) 41,
JOE T HMENERE . AFar ALK BRR . BN T A (SEM+EDS) FIAREE TR (CP) UK,
FETC LT REM N WF U B (I SO AL 4, B WE R N SIBAR SR, JF R HUIRBAS . =t fE . K A7
A AR, TR AR F s K AR R AL B o

R = FBRVERE T

PR TR (SEM) IRAUESL. 454, BRJERE . FLIR/ARS0 A <5 ] BEM FE i A R i e mT
FEVER RS, S AR (EDS) wlSEBlyTaE M7 0 578 Mapping 7346 70 #r . XFF Li o i,
R X S EOE T RENS (XPS) EATIREEMENT, JEREAPRF oo a0 A RS BT FUIR S ARG LA RE
PUAL, XEEAE S AR AL i LR Sk A S A A A

FEFEE TR (CP) XA REAT IR BRI H e, 5L SRS R T I AR b, TEHUAAR 13
P/ AR, G R SR SIS R AR . S BB IR AR, A ST AR D) BRI, CREE I .

HLF R HUNATS (EBSD) R, Wl @M IEABURL SR AT A 25 o 6 NCM BTRLIEAT ok RO g it
AN 73 AT FEUE S SRRLAI R S 9200k BRI SERF A AR AL 2 PR e — € RIS o

E10-P02
0 18 B O TS AR FE G A 38 Atk e T o 1) L PR T 92
e, fUML Aok, it HIEY TERET
1 BIRERIE (MDD BHCABRA

BEXT G BIE AR A TR A RIS T AR ST PERETIIN B V) TR K, ARWETE R GR T 1 sl R R
MR T BRI TT ik BFUE e 1R e B B 3B DA R RS S B i BE ) 2 ML
i, B 1R SRR LUE 10 UM HNERMRE SR AL R ST RN B S 25T R, A
BRI A T AU SR 4 B sl il E T &, MHEMEIGHIE S &, AE e MR T 4
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RER JJ-R A HAERAE, B 7o - LR 2 R, UL T AR A e 5 TS HH R
HOAFHET G . it — 3R m K I D ARNE RS, B TTIETT e T IR AR LA R SRR ) S T RE
B, BB MEIRBR RGO T Haggag BERLEA RIS AT G BHA R P HE T SRR . AT T
DIIF KB « IR v iE B SR ) 2R RE AT, BB PR TR AR A A, $m 7 WEARRR,
FESRARAIE AR RE R AL T B L B F) S FH I 52

E10-P03
Al0.1CoCrFeNi &4 BEHE BE i 4H SR S MV AL BB 5 FE F BAEER 5T
B, R
1. HERF

FEG SR S M RHE BRSO RE P AN TR S ) — PR REE BRI B, REIFIN R ZR OB —. H
HT T SE0 SR AF IR B AN EE R 22 LR I R 2, PO S oW G Rt A T B ek, BELRS: 17 B L AT S A
MOEMEREDL L . UTEER, (HE) JRALE S BRI A OV IR RUZHE FEEE LRI O T Hngts, JhEe.
SERETUARL A DR R TR T R ROW S R A B o ki <R D9 e LD 57 0 2 1k e AT P g 7
FoBE, FERR ISR AT SR, A6 R L W SO R BRI BE R AL, SORHLER AR
B o RN B i & e 1R T RSB ERAT O, X 5e 0 AR IR /1 B R BB AR SR SR o B R
SR, FEE G TINIFEMEAR, B T Ok R IRIE L Al0.1CoCrFeNi &7 B BY U142 IE T H 4%
MEE R, AR AR ST G R JZARAL S 3 1 ioRL AL 5, e ] 1 L R B R 5 RUEE A TE LA

E10-P04
In-situ TEM Study on Enhanced the Thermal Stability and Oxidation Resistance of Nanoporous
Magnesium

Kaixuan Fengl, Zhihao Zhaol, Yuecun Wang*l

1 LA AR

Non-precious magnesium (Mg) exhibits a low electrode potential and high chemical reactivity, causing
nanoscale Mg to rapidly oxidize in aqueous solutions. This makes it challenging to fabricate high-quality
(crack-free) nanoporous magnesium via traditional dealloying methods in water-based electrolytes. In this study,
we successfully prepared three-dimensional bicontinuous nanoporous magnesium through electrochemical
dealloying in an anhydrous and oxygen-free environment. Furthermore, CO: plasma treatment was employed to
enhance the material's thermal stability and oxidation resistance. A systematic investigation was conducted on its
microstructure, formation mechanism, thermal stability, and anti-oxidation properties through in-situ TEM
technology. This work not only provides new insights for developing lightweight, high-strength nanostructured
materials, but also establishes fundamental experimental support for exploring functional applications of this
material.

E10-P05
YR BB RS RAE R A R
EEN:
1. R

BETEMAEE (ZnO) KR FIMBEERST R E. B mEdE. JigUREME SN2 22 K
o WATEI R A (NaCD  BIM D B FERSE R ZnO GOKBRB R LA (PVA) 2
B ThRk. IRATIsLEe 45 R A TSR B2 ZnO 4k Bk AT NaCl-PVA E &1k R JEA 4R NaCl &
REERIERIZR I PRAE M 100 nm 2] 1 wm A%, FEH ZnO PKFIRAE NaCl @itg RIS
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%o EMFER ZnO WET, 5AE NaCl MFUHEIRZEMIL, &H NaCl KR RERI R E R
IR PURERIE R E K ZnO BEfEdE 4 1A I PR FE A %47, NaCl fE4H 1 R s i S BUY Zn> &
TREIEIN . XA PO IR R AR IAT A S ORI B BRE 3 NN IR BRI 99%, fE#kfl 1
/NI YRR B S EEDURIACR . RS NaCl PR IR ZR DU Hal ZnO-PVA iR JZ B A B w40 L 21k
(HHAERAD 24 /G SR BARRI A REE, XRUIZBHREI Zn>t B0 PRI IR M B A UG
o FEARTY B AL BRSO S5 4 NaCl AT BRI SR T I AR IR PVA REWIEFTh . XA
117 HLA ORI IR = SR 7 IO 9K B 4R SRS T R m PERE DU A BT e 178 ig 42

E10-P06
M R R 7K 0 s il R S B AR VR EIR B e B A
i

1 R RFERFT O

BHEILHR (NMR) B0 A WU G4 5 i H H TR, NMR 720 5E 7 F45 4 i BA Tkl
REER WK SRR, T2 TS MR 25%, A5 E5Rt. B2, X TEamIKREK
SHRE G, UK AR 2RI AGR SIS 50, X HAMEAEEREE 5 E T KERRFEA
J I I AR S A K AT B IR G, B R T R ZE R, R A BN RIKE S, B
{6 S 4 HOW R RN 72 B AR EWIINE 5, i — D3R SR M EGE I E e LU A 7 e . Wi — U (NOD
)5 BERRAE A E )T NO Al i B A T IORL S, i v ReR i 4 15 AP A b it — Fh il B B RV o 1)
B, SR, FEHMEAIE R G REUS AR, AR P EOR B e AR — TR A BRI ) TR . AR TAE
TRATTR A A2 3R AU F | 5 AR AN [R] B AL T AR I S5 = ) AT A, SR 5 X 2= % 7.0 ppm it
I =BT, G hrdElli 2R, SCBl 7 R SR E BRI . A AR G B 7S T B
EighK B Chep-Co) JEAGFTITE NO I8 Ji s B R I HE & 2 1R 72 2608 439.50 pmmol em—2 h—1, VEH ZE A%
N 72.58%. EILE L R B THEAN NO 25 FHEM W SLE R B, hep-Co AL EA LR NO I8 %
I3 A VA R LR 1 P S5 R R T 2 AR U o

E10-P07
KARE B RS KB A 1%
RFER
1 PR RFRET AL

IR AE R e A 8 KA RO A%, A o TR AL S AR U 3 P % 32 ik, IR T
T Ja IHLEL T8 s BUZ A i B R e AWFFLLLR A AE HAR A i AL (001D f@ B i ik 7t
X, BRI AES 2 T BRI & 75k, WRIT 7 RIS UK BAZ S AR . E %G,
TR T RUARFE, R R RO BB BT P i, JFai & X SFERATAH (XRD) Z5#90#fr, #isE
THKAM (001 fEFEm. FIH X FHEGHTREN (XPS) X USSR B J5 4 A i 25T ¥ 2% 1 B 7 AL
BEAT 0T, W€ T IAREE 55 SN (8] IEAR 5G4 A #efil M B A (CAD MR TFMRIEREAT R AL, 7T LA
SESINEDN 12 h i, RFREA eI, SEEL RIS R Y. BT M (ARMD JESIR
TERE—0 R, AEMR0 G R IR RN T 1 nm, B8R TS SCER K BAZ TPt il Rk
ARM RS USRI FBEAAAAE W] AT AR A UK %, SALAB A UK A% IR BE P AIG, Se4
AL 5 R IV RSAZ IR B W] R PR L) 9.0°C. AW FUIB I R E M2 S 2 TBERIEMS &, &
N AR BT RS O UK RS AL S BB, D A O LRI TSR 1R

E10-P08
ST AR P RIS AT AT
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1. R KRR G

LTS A R R e e RE RO R e i, SfEZ IO 3z iluE. RE Wk, H
T RTINS R PRI Z AR 20, HLNTERISS 3l 1 =W T A sE 4. SR, JLRTIRER IR &
TR R A P8 2 5 BELRS 17 S A JE A VS B 45 AT NS . TEL, SR 202045 7 24 Cs 21 Pb 2571
DA i A4 R S BT B L S A AT, A RO T ATV R R AL B AR A R . R, SREE
JRALARAR B ER 7 AN A TOHVES RN B 645 S LRIEAT T RGIRTT, MO IR T Cs-Pb-Br 14 245
EKH"M CsPbBr3 (3D) F| Cs4PbBré (0D) HIAHEEALMLAI. HAr, R IMEHOEE (FTIR) ML
P HE RS R 25 SRk RE (R IO AT A B VR  F 48 Fe 7 R AR (SEMD A 40 % 3 FEL T R (HRTEMD
TE OO 2 7 A [R] S R TR R () Sm T #R Ex . T X BT U (WAXS) Rz 5 L S s B & UG
i (TEM-EDS) #t— B8R T HB N G AW ERAT (1 A AL R . S5 A EeTHA, BT FER I CsBr 5
CsPbBr3 (1) (111) dfifkt (001> A1 (110 i EAHmMAHEAEHRE. &5, S5 s A Sng A 31
TRMEATHASERN RO E A&, HRARESMES 6 (PUTRPL) A7 Rehi /1Bl s mwt i 1
HAR S B0 R R AU B CRA# R A8 >500%), [A]I 3% DLP-3D FTERHA, Wil BB RICIZThRE
AR R T

E10-P09
Modulating Ductility and Strengthening Tradeoff through Grain Boundary Segregation to Secondary
Phase in NboMoTaW-C High-Entropy Alloys
B, DiEkEt, xISOE Y, gEere
1. FRgRE

High entropy alloys (HEAS) are a class of advanced materials that have garnered significant attention in
recent research due to their exceptional strength, ductility, corrosion resistance, and other desirable properties.
These properties are a result of the unique compositional characteristics of the alloys. In recent times, the
benefits of trace doping of small interstitial impurities, such as oxygen (O), nitrogen (N), carbon (C), and boron
(B), to the mechanical properties of HEAs have been well recognised. For instance, it has been demonstrated that
oxygen enhances the strength and ductility of TiZrHfNb HEAs through the formation of oxygen complexes that
are ordered in structure. This form of reinforcement, instigated by non-metallic elements that were formerly
considered detrimental, introduces an additional dimension to the methods employed in order to strengthen and
toughen HEAs. Nevertheless, the full exploitation of the potential of HEAs in this multidimensional reinforcement
strategy remains a significant challenge. In this study, a strategy is proposed that integrates first-principles
calculation and cluster variation method (CVM). This approach elucidates the intrinsic atomic behaviour of
non-metallic elements C in NbMoTaW HEA. The precise control of the carbon fraction in the NoMoTaW-C1 and
NbMoTaW-C20 alloys results in the manifestation of a transition from grain boundary segregation to secondary
phase. These two alloys exhibit a superior combination of strength and plasticity in comparison to all existing
NbMoTaW-based alloys.

E10-P10
4R S 4 Mozn2 HET i 68 4 B FHLERRF
WAL OaEkEt, xsot, et
1. IR

AW FREETHE M REEE, KRG 7 LR (RE) JTRBINT AAT085 G4 40K n
(Mgzn2) Tl ERERIREm, FHRANIRTT T RE Ju&k f MM FHLIE R RER . E5 T B
TR, RE TR TFENMR n M z = V4 FFZ9 0 Zn i+, HAE n /Al S A 20wk E . 1
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T ARG T T BRI SR = S VPO AR, R BEURTEAR . BEURAICR . MABEHERUR T R RS Ty
ThTo AFFURMT, AR i AR AR T AR B 2 B AR AR B BEdRaR R, e b an IS, Bl
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E10-PO03
Study on the microstructure and properties of K444 superalloy
Kehan Wu*', Xiuping Ma*, Ailan Li*, Huaxia Zhang", Yali Zhang', Yu Meng*
1. BAIMTEC MATERIAL CO., LTD.

The microstructure of K444 superalloy is characterized by a y matrix as the primary phase, along with coarse
y' precipitates, (y + v') eutectic structures, and both intragranular and grain boundary MC-type carbides. These
microstructural constituents critically influence the alloy's mechanical performance, particularly under
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high-temperature conditions. A detailed investigation was conducted to examine how chemical composition
adjustments during the remelting process affect phase formation, distribution, and stability. Results indicate that
optimizing the concentrations of key strengthening elements can refine the y' precipitates, control carbide
morphology, and suppress detrimental phase formation. Consequently, the modified K444 alloy exhibits enhanced
high-temperature strength, improved creep resistance, and superior microstructural stability, leading to prolonged
service life in extreme environments like gas turbine engines, where high temperatures, mechanical stress, and
oxidation are major challenges. This study provides valuable insights for tailoring superalloy compositions to
achieve optimal performance in demanding industrial applications.
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