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Tailoring planar defects in nanoprecipitates to deliver high strength and ductility of L12-strengthened
multi-principal element alloys

Qing Zhang"!, Yuchi Cui!, Yixuan Hu!, Tao Yang?, Daisuke Egusa3, Eiji Abe?, Zhe Chen', Xiaodong Wang!
1. Shanghai Jiao Tong University

2. Hong Kong Branch of National Precious Metals Material Engineering Research Center (NPMM), City
University of Hong Kong, Kowloon, Hong Kong, China
3. Department of Materials Science and Engineering, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-8656, Japan

Precipitation strengthening enhances the strength is a well-established method to augment the strength of
metallic materials but often reduces ductility. In this study, we propose a novel approach to simultaneously improve
strength and ductility by altering the planar defects in nanoprecipitates. We employ compositional engineering to
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incorporate chemical heterogeneity into the nanoprecipitates of a CoCrNiAlTi alloy, using the CALPHAD approach.
A modest substitution of 1% Ti with Ta in this alloy elevates the yield strength from 850 MPa to 1050 MPa while
preserving a ductility of 36%. High-resolution scanning transmission electron microscopy (STEM) and energy-
dispersive X-ray spectroscopy (EDX) analyses confirm the preferential localization of Ta within the
nanoprecipitates, which fosters local chemical ordering (LCO). Additionally, density functional theory (DFT)
calculations reveal that this Ta-enriched LCO substantially alters the formation energies of the nanoprecipitates'
planar defects. Specifically, the introduction of LCO heightens the formation energy of antiphase boundaries (APB),
thereby increasing the critical stress required for precipitate shearing. Concurrently, LCO lowers the formation
energy of superlattice intrinsic stacking faults (SISFs), which promotes the nucleation of dislocation emission during
precipitate shearing. This process encourages the development of SISFs within L12 nanoprecipitates and the
subsequent formation of a dislocation-SFs network. Such dispersed dislocations and SFs mitigate strain localization,
promoting a higher work hardening rate and ensuring the stability of plastic deformation. Our findings elucidate a
hierarchical deformation mechanism in nanoprecipitate-strengthened alloys.
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BESEIL T 3 N AR 2 Rk .

C10-32
PdAgCuAuPtZn % & & HIN BEEALAT ABF 5T
o R EEM RS REVR A Bt

TR, 2 ETuEENIFAC OB RSURN A Rz —, 2 Elsn it B En e A
MARF IO S AL TERE, SHE 7T REMBRIRR .. SteRZuaaeh THMENI R, wits?
M A R E T S 1 FL A P E AT R A R N, B T s BB A5 SR T, B = 9% T PAdAgCuAuPtZn
H e M H AR R Hon & SRR M (S B . S E9PKERFES BB H AR, ARG T T
PdAgCuAuPtZn 7EI R A% RO TIOUL 25 R I AR RIS BB AL L . 2551, & @i A2 b T2k
(3R 23 AT R AL A AEREAT P o AERT RO RE P i A AL R AEANE ST, AEGHT N E Cu MIE Ag P
HZIRGER, JFREE I SR T R, AELEAT BB, SRS N, whh, BATRIIAE
S i AB AT OB AR S Cu MR R AL AR A PPt T, Xy PdAgCuAuPtZn & &4 it 17— Fif
BT AL o X Le2E GO B TR T fi# PdAgCuAuPtZn & & I AT I TH s RE St & 8 2 -

T

C10-33
Cr R & A MEmITH “TX” —O0 RET &R FERMmiT
AW, B LW, PR, FRE
LB

Cr R FAENERMBR AU “AIR” AL SRR HEK. MER Cr PR bR e R & &
WAL kR AL k. SR, BEE Cr 7B LA, AMTTRIL Cr BT b L 45 & i i)
BTV, XA FELE & P SR AR AT DA Kt SR T o 9 55 8 ST 2 5 e R SRR IR R g
H— e TFBe, Cr JE 578 5 S B AT (e S A iy 55 58 —ARRE 7 I A Al AERERITT 55, & BRI 28 AR 1
Prif AT I Cr fERR A E 5, 10 Cr J57 5 ST DL AN H R, I E T Cr 785 A AT 1 7R 5
PIAE BINLE] A B . AR 2B EDTTT Cr Wb, W R RGHETRIML, PRSI 5 T 2 sk A
AT R G R RE MR ZITCE MR R IRRE KRG, FEZ MR DL 2 (8 38
TER, Hplie C\OWN SR i1, b A X AR L i/ H RE IR, — B =, BERET C. O, Nf£
H il R A TR, ppm T TS B SRR T R R TS e T R RATIRES, Xk
PR Cr Ji 7 St mih il ae SR RE T C. O ZIAMFAER MR R .
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TEARTEFEH, A S HARE TR 52wy, T w40 2 59830 71 45 R B RS Cr R
Fe-Cr It it R AT ELIEIE T 1, Cr EEEA Y Bl 218, & T ImA M55 miT i 1. #F—RH
TS BN I I AN T S R AR & T AR B R Fe-Cr(25%)-Al(5%)-C(0.01-0.02%)-0(0.0005-
0.0076%)-N(0.0004-0.0006%) 75 TC R & AE A, JFIR1GHEA w[O]%<6ppm HIE{LE & <. SEM 5 ASE 4
S RBE A EERFIREEG N, Cr J5 1R S FmATRE FEZR M N, R & A AAAE B 21 Cr-O-C 1)
JRFHBUZ o BT K TR R R ] B AR A 2 JR IR A IR, @57 Fe-Cr-Al-C-O-N £ JG & fi ST i
G FEAETY o RERY R DLV SR A I e i B R e AR AT T B EH BRRAE AR A IR T
T en At B BRI DTk E, BURIE SR T 1 M S mATINEE 7). BEE S b O BRFIRER N,  Cr B+ 1)
o e i E 7R A AT VR 5 AT B B AR SUEAROR, T C R IAR . X TR f At b C BT Cr 57 5t
BT AELEFNEIER, 1 &G S AR TR 2t Cr g St HAARABRRZE T C-O i MHE RN, &
Bt o 5 b A AT AL S C R HE O JEF B S R . B HERRI & H) O JET5 Cr 2 A (158K 51 1
RS Cr J& 75 ML T 1% —HUERTE Ni & &5 DU s ST S R R A& . XRH
Rl G4 O JEFAIRPRIREE, Ref8 M st & S Cr T il /R

C10-34
R IR R S AR - Y R R
by, A2, EERSCS, EUE Y BRE RS, BAEER Y, RisH S, FEREML T
1. B E TR
2. BANAL R TR
3. REEH T R
4. LT AR TR
5. VLA K2
6. IR

KIPLOK, = PERE e Jm AR} 55 B AIE FEVE RTINS AR AL — LR AT ST N Sl iR pb ik, HLAs R R Ik g
Z IR R R KRBT S AL e 0K — B, (R 5 SR HE P 2 ] S ER AR (0P 5 SR M LA 452 o
FEXEL, BRATHE T —RHT 0759k, % IE SR R R AL B S NSE T, RIS OREF T L ANAZ [ R R
o SRR T ALERAJE AR GREE . ARBRPURLOR AN I AR R BT U T (EBSD) M BoR, 5
SEURARLL, AR AR R R R L, XEWREERNACE T, RN AR B E R, SR
PG5 o dRE NI Bl (IGMA) 73 AT TR I ZE AR, s B AR & AR LR < cta SIS SUEEM . B
G, WETCIERIL, B T b AR A CE AL A AR LA A, 2980 B ofa LU AN tBAT B 2R < c+a>
RSB0 . AHRBTFE R N TT R E E R HCP @Rt 7 — %A 1igie.

C10-35
T HA-BIMYPURAE SR SRR /AR AL A AT AL
FEN=", &5 Y, M.T. Perez-Prado?, 241l !
1. Padb Tk K
2. IMDEA Materials Institute

BESAPRL B BN T AR S, AR S IR A AR rh R I A A B AR S AL RO . I RS RAAE .
S AR I 7 0 VIS AR AR i Az A, DRI AE AR T IR TP Al 2 B, I RN L BRI AR AT B 777K
TR, BUE AR L JCIR S, I SRR AR P R T L 2 A T R R R, BB AR
TEREJIA R . N, A TARZRAARTT 1 B AL AKAR AN I K RO o 86 JE 52 A ek R T /A Tz A 0 ik
REFISEM R, IR TT B A XA R S MR A IEAT R sE R (B Al . S5 RS8R0 AAGUKRMR S
SEAR T ICARANE RAF, 5 TN S 1 7 B FELRS R R, T 53— D5 i, o Sk v A i 8 U B AR A
AR, P EBIEPRI I 98 AN R AR S R AR BRI AR TR RFAE o 110 PN IR BURE X 2 1 o7 485 1 212 BN )
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BRI R, e BT S S RN TAELRE Sy, A RERTF AR B A RE T . il
HAE-IRINAUR AR BT, BE A ORI AR S m L 3 AT v, RTHBESE A Rl s BV E TR fE

C10-36
S HTH] 0o SLT7 TR B S A 5 # TR) 32 LA P R AR AR TR AL BT 5L
Ll R
i

TR (X SR SR A R 2, (AR I I e 75 MR T 0o 3L BRI 12 5
ARPRIAE SR Bk . 9, ASCEATC A7 T7 85491 A10.1CoCrFeNi milfi & g BRI R}, T2
S A BT BN, I 2 A et SR A R ARSI AN B ST TS AR, RN SR T 0 3L T
W E e RESRDICILEE, JFE S AR T ARG . Sehh, JE PR AR SRR PR 58 LA 2 i
&, AR TS 4 18] 52 ELAE T CREARRIZR G 5L/ 0 50 SR B I R S A A ST B e SR IR AR TR S
AR AL BRI 2N BGR L FRARE] 77 K I, 58 FE GRS e S0, — 7 T R B R 2 oy
FORCHERDIFT L@, A AR GR e s 2 15, ARPRGTHL SRS = 10%. 53— 7, ALARHTE 9K
RS, SRR IER ARG G BT U 2 AL A A, I BT ORER 27% 0 2 8 A fE A
TIF TR e 2 S #7055 IR AT BB (A i, D9 AR Wl IR = 5 ) & e S S48 1 Rt
TR Lo

C10-37
FHGEH R T RTH R RIRA) F R
JEGEE L, EWIgE Y, SRR, MR, R, EBIZ S, RIEH 2 SRR 2, ESMTS
LUK, 2REAS TR
2. AR
3. UMK, BR324 5 TRERT R U8R DY )11 48 B s =

REHEEMEHEGIR TR R EABEE 2 [l “E8” 7, BIsREME, K. Fit, @
T IO 235 A8 AL TH AR AR TR 3R A4S /5 o e 0 1 2 B AR RO AN W R T ) B R . EROR H R S A 4 A
(Heterostructure) Wit 7EZ iR FSCHL 1 omBEAIEEYER RIS HR T, (HIHARCIR T BN 77 3F R 15 2 78 70 88
Ko X R A AEREAGIR T RA R R E (B IRGEE~1200MPa) FIRE T IEfR AR (50 K3
~17%), R TSI 515 M B FE-BEPE VLB SN . I8 5 IR AT AR LA, 87 T sk B f
Mo AR 7 2 1 RE AR AR SR R T2 AR TBOR 1 e b BRI 8] 1) 7 2 AN A, IR 4] 1 A28 X
WH. H, SERIEMLL, KENE 7 Hall-Petch R HK T A 0B [ B A FENE, A
MsRAY 1 ) BRI AR 2B 1 A T O A rh B R ARTC 7 R8N o ook, ARIRA ] 1 24822 XOE#%, 1A F]T-F 1
TR AL HERR, M = A 55 =1 1Y HDI (Hetero-deformation-induced) W /7. 1% —WF 58 R A A B FIR AN
PEARARIR SR AE T MR AR TEAT N, N It BRI A R AL 1387 A R

C10-38
R 5 £ RRAPRLR ST SR AL

PEREn”

WL K

PG IR YE R T SR 2 208 I 2 (8] 5 B 8] R A = A, SRR I 1 AWt FUAE Rl R AR A5 2
MRBEARA IR TE RS, DRl 5 i 0 B 77 2201 78 LR 2 BT AT RER S SR WAL 1 # s
A Rz — o BEAh, AURIRMBIIRE L, mHPIA G oM E & %27 S ERAE GBI TERERS
FERR, DIExH R e b e CRyly &), =g sE) ME SR A 7ek 1 E RSk Hlas>]
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ANEVEREMEHOTF RSBt THCORIEER], TR gebLas 2 2] T BUR l i s SE iR AT P RE I, XA
HEHETFERNSHER RF TR BIEE. SRS, IR BARCRIRT . FI@EHLE ANBAR . Hlds
A TEM R A S 70T RN, SR — M s R TE, U SIROW S5 R A2 ) 2 1 g
(115 2 BN 2 AR UM AN AS AT R SR B e i U F B —

C10-39
Optimizing strength-ductility in medium entropy alloys with atomic-scale rapid composition design
Qing Gao*, Xuefeng Lu, Jungiang Ren, Jisen Qiao
Lanzhou university of technology

The growing demand for material properties in challenging environments has led to a surge of interest in rapid
composition design. Given the great potential composition space, the field of high/medium entropy alloys (H/MEASs)
still lacks effective atomic-scale composition design and screening schemes, which hinders the accurate prediction
of desired composition and properties. This study proposes a novel approach for rapidly designing the composition
of materials with the aim of overcoming the trade-off between strength and ductility in metal matrix composites.
The effect of chemical composition on stacking fault energy (SFE), shear modulus, and phase stability was
investigated through the use of molecular dynamics (MD) and thermodynamic calculation software. The alloy's low
SFE, highest shear modulus, and stable face-centered cubic (FCC) phase have been identified as three standard
physical quantities for rapid screening to characterize the deformation mechanism, ultimate tensile strength, phase
stability, and ductility of the alloy. The comparison of stress-strain curves for various predicted components using
simulated and experimental results serves to reinforce the efficacy of the method. This indicates that the screening
criteria offer a necessary design concept, deviating from traditional strategies and providing crucial guidance for the
rapid development and application of MEAs.

C10-40
#78 Al-Cu-Li &9k T1 S R S50
WPk, BHEZ*, T
TN [ 5% 5286 ==

Al-Cu-Li &&H Mgk T1 AR & B Z R, (5 T3 DA 4 7 10 7 B AR 5 7 1y, 3
JR - GERATISR ME LARA € o FEX TR 7T b, 456 5 1o i m A fE N E S S (HAADF) MIFAEY, (ABF) 4
B S EBMEBE (STEM) B8R, Al CLIRfG e T1 AP EE RO B . 5K, T1 AHZRILH S
MIEAS SRR EEH: o A, X EEPTIE MG AR AR AR ALQQ)/Li (2) BAMNZFA TS, X EAAEF
L ALQ)/Li(2) EAIRKAF 5K ZH T HAHEE 4G AR, T1 A AEEE R4 AL2)/Li(2)
JE S Z S B ¢ i AL = B AT HAE R B AR AR . thAh, TSR0 SR IR B B BRI
(DFT) THEIGUE, $2H T HTHAE Al-Cu Y& #E TR TR BUA P e, 1X 5 2 /1 X ST2RATH 0T FUri e 11
FaE T1 AHM AR Cmmm — 3. JE T XL AL R, $2H THE T1 AANEARES T1 AR R 7 4 i
B, 52 BB AR b, X AR Y b S s W 8 K — BB 4 . DFT THER B, 24 T1 dnfA 51 AL2)/Li(2)
JEHRN ALZEARET, o E 3R89 0 FE S N T L AL SR A f s A

C10-41
BOtRE R REWEERE AR SR A
AR R
el R

St IR A IR o R AT RL R - I VR AT A RO iR —, R B R SMEHRZ SRR
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JREER, P AR R ZH A N P AN R AR E S (HDD b AL RN, AT FRA5 HAT 10 S5 o i A 4 g
HERIZE . RIS B ES % T ANE MoSi2+C & & (10~30wt%) IS ARIEIRZ, M HAWA
QUGER . M. JCRDA, W T IR R B, 0T 7 S M 7E R i i 2 PR R T Pk
FIVER . IR S R, AL A B AL IR (Mo2C F1 SiC) Iy &k FAb /A, HEAR LI IR, #)
BT RS R ) CREAHIX 7, TR A AR “EAHIX 7 B MoSi2+C &2 m, RZ 1 ERLE
WA, WREEE R K, Y MoSi2+C EE KT 20%0F, THOULZE A4 B AR i+ 5 Bl T A A AR K
FIREDRZEZA, PR ST BRS5 MR W 2 24 MoSi2+C S8 A 18%F1 20%I), 142 FL A v vk 5 Fl B 1 %))
P, P sm A 243 71 Tk 706.33MPas 10.13%F1 865.93MPa. 7.22%, MBI T HE & EANREE, X
SER S &R R B A T ) R R A, O A PR ML AN A 5 5 A S T A A7 L AT
BNTAS, FE5S HDI R =42, HDI SRR A RS (1 4 ST AL 0 4 v i 52 14D R B AR 35 1 804 (1) A e
P

C10-42
ETLIRE 3D FTET AISi figh3t & U = 4 P 4 45 4
FE 0
AT A

ATARLL 3D #THD AISi10Mg & & AW AN R, IR 1 MROW 2200 5 R 2544 il AL AN 772
RERAL TAR . I BN Fy2 s, ER 1 BRIFEUGE ] 12 1l (1 ol 2 3 o OURF = 4 3] 2% 45 40 BE s A7 283l 2 4% 3
BRAL S T RO A M RER A e, MPRIAESRIEYE . 57 SR EE M IR 57 o el i A R
PEPRENIE 57 S 86, UEM] T SIOK R s (K08 57 W PRI BURTRHE IR GRS, #8717 e 36 = 4E R 28 454 T LAY
RS B T A AR, T BRIR 5T 45 0 AR TR ST B LA, SCEE AR SR AE Nature Materials o

C10-43
Ni2Co1FelV0.5Mo0.2 F {44 K mEt:BERt 5T
FAHE 12, HHY, kB, K
1. B E TR
2. R TFERY:

PL Ni2ColFelV0.5Mo00.2 @ & G B B M RL, R FU M iR & & AR % Th % . IR FE 52
Ni2ColFelV0.5M00.2 Hi§ & & R H RIALE % B SR8 . S A MERSHAAT AT BRI
K G FADVIE == A R SR R B S TR A SR A 2 e e S RV O = DAY i = I A ¥ e A i
RN IR EE R, {73 Ni2ColFelV0.5Mo00.2 HiE &4 7E 1A 800°C i mril N B H AR = /i
AL fE S AR YAYEICAS . bAh, Ni2ColFelV0.5Mo00.2 A& 4:7E 700°C N HI B iRIG A fEdr, N ATHEECN
3.1, TG DURGA AL RIS S v 3 . IR A BE N 456.3 k/mol, 5 Mo H#HUEILAEA Y, FHH Mo
P HEE AL R R I A o S OREA BN 7 RS RE G . PRARBT IR, (RO R TS #2

gibprid, BEFRSZERERT, BNETFRSEZEAFRR VA Mo, R O LT 451
Ni2ColFelV0.5M00.2 Fi & & bk WAL . JR A0 52 7 AT AR5 4L, R84 v (o B i A% BELT) RO A
EfERET], REEa e EiRvERe.

C10-44
PR RBTAGORRET AR & R
Brughs 1, g, LR 2, #hENDS, BT
1. AT R
2. EBF B R T
3. MRIE TR GRIID
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AUORAE SRR T AR OIS K, BRI R = R S IE . =T . AR E T DL R AT
T b, FERTEIR, M ERE, PR RGN BRI R SR B2 R AT R . (HR K2R
SERIH S SR EE SRR R VIR BRI S, AR RSB K. fERA mEHENE
J& CUn Ni A AD 5N A — BRIk, BEAS 1R SR AL TR AR . AHIE T
, BATEE SO T, AR T R R A RGO R (<10nm) IERIRGR 2R
SRR S8, IR RGBT T EN AR AT NI & U . S5 & N 5259 M oy 13 )
RN, FATABAEA RN B T, HORIAKZR G AR I AN F R AL o AE4F 2 RN R T (90°
0% D, HRERAE R HUBIE RN IR AR R R (3-5 nm) K AHAR, M Hall-Petch 5 4L
IR URIRAL o XA AT ) AR S BT 32 5] I A 2B P B R 3R 4 BB O e A o DA B 45 R 1 AT
XPAR G SR R AL BRI GOR G50 & B AL RE SR B — 2 Bnid it

C10-45
RS ESIER CuZr JERBMEBREN R
BUEH 12, WAL B3, RT3
1 R EREA B RO ST PEBHAT R E S0 5T
2. REBFEEBRRAMEIREE S TR F
3. TSR E

N

A 27 1 73 AN ] L] BR R 3 (KT 10 405K AR SAAR o A1 2388 )5 B AR S A IR 218 KA1 139%,

A A Bl AR I P A AR M AR A SR A B SR R ] B T e TR A A R T AR e
SRl MRSl REVA TR 1 BAT R AR dh /AR de S AT SE AT P B TS RE AR o

5&
BIRE, XRIES IRl OE B4R AR A E R R 1 59k AR T, BATRIL It CuZr E&H
A BT e RN He s e AR B o 3E 5 9 2 ) BB PR AT DL KB IR AR B, VK S 38 ST A i il B
2
7
LENE)

AR R

C10-46
BERGIKEEH) Al-Cu-Sc &&RIBRUAT AR /154 B
R 12, RATL AR 2, R
1. HERR
2. JRIME RS =

KN AR T H S gk S &8 A mom . s RS R YERe, EBM@EFIRE. KRBk
LA T JGE 1) “SRPE-IRVE” BB R R, LG EME SRS Y — B MM R SR R IE 7T 5 1)
AT 5T I R N AR E AL AR I 2 T2, 4% 1R MEUL AR = 2 IR GK 54 Al-2.2%Cu-0.2Sc(wt. %)
G4, PR 400 MPa, 5] (E A 2 R1LE IE A 22 73 71l ik 2] 9% 14%. FIH SEM-ECC. TEM. HAADF-
STEM Fll APT % RHIRMEF A, 2 ERAE T TS BACEERE S ORI L5, KRG T =itk aeZ IR
YKL Al-Cu-Sc B HIBRTIMAIE . S50 RM, & Sc JLRIEZ F WMIER T &% ER9K S (~4 nm)
MrHAH©O7), FEAERINT H SR BN S AT st . AL ES AL ARSI, FEFRRT T ERGK L1 Al-Cu-Sc &
SRR R, XEGR R R & T A 5 S0 A = A AR R, ST R AR T i AR ot
RS HIREAERE ), HET BB GE T YRGS RIIBYE . AW TAE M &5 & 15 R U9k &R
PR AL T8 BB R T

C10-47
FE=TLHKER Ni-Mo-W S&PRIARMBRBIKEBEWRE M

bt

w7 Bt < S T U P
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AR BEAT LR RITEREH 8 T BRI AR @t IRV — Rl A e s 9ok e iAop
SRR TER) Tk, 2B RTE . AR, ST A e T 8 2 D 28 AT BBk, 2R AT
ARG TR IR T WK e S i, 4RI SR A5 IR RS . AR TAFREEAE Ni-Mo —Jn & & inA
EW, ] TS AT, BN T AUK R A AR E M. RN R N LI R 2 3 A E
RPFE(CSL)F AR W], KEIR KA T B 5 b T W RN BRAR T AR R s Re, AR T3
KT SRS TR T ARRE, KRR T CHENT BN, SEUR I R TSI, AT
WA Al fE S B L.

C10-48
M5 % [t FRBERT SR FH CoCrNi il & &AL W
Bl 12, ERE2
LRSI TR, HUBK 5538 B TR L ) 0
2. WA 5 S et R 3

HIE G SIS AT RlE 4, BN aael, IS Rem s 2o s, R
M, S A SRR B B PR 7 A TR BRI . RIZV AT 7 ik e KR b Al b & & ok, 2
R ERERNABONEL — AFFRET 5B UE T SR A EARSE H T — Pk iR 2L AR T 71
a2 M (Cyclically multi-directional impact, CMDID), 1% J7 VAR FE & & A AT 1E 5 178 &8 e 1)
AR UGHAT phts, AT AZEIRRE o RABK R I RS o AHIE A8 A4 R N2 R F- B CoCeNi Wi & 4
K AT W BRI SR, 1 ZE S NHAHR) FCC 850, B8 N ab RSHE lmm A£47, WIGAREEEZ)
216Hv. AHFF N4 CoCeNi & S E=FEE (77K 293K ,1073K) FHEHTIEIA £ mpbdi, phi AR
FIEHILE 1500/ fedh. S5RFRN, £ 77K 1 293K FAFEIITE 14 NMEFL 2 MNME R G KAERIR,  WEE AR
53 B F%) 460Hv Al 484Hv. HTMEHMERR N K AN, CoCrNi & &1 1073K FAEIH £ n]
M E R AEBIR, Gl 15 MGG IR AL 434Hv. OSSR EH, 7F 77K FEMEHR L m
o JG M CoCiNi &SN A T FEMPPKR B G, K aE 2 mgpKkasd . S RgrRER BRI Xl
KZE, [FRF FCC 2 HCP AR e, H HCP (RRIS M IEH B G iz #iie & . 293K F, &
MEIRZ [ ph J5 1) CoCrNi A& & T s M itk 2 B AR A . AR T AR i DA SR T 28 dit o AR T 7 (14 3 )
F 5, ZRETRAMERKA. 1073K F, ZiEH 2 mtd 51 CoCrNi Ff & 4 il 2 14 48 AL
FERNELGEF L, DR AR KRR TIESEE RS R, 2 15 MERE, SRR
S EZ) 1.09 wme A FE R BIEIR 2 1) s 771 7E T R B Y B A AT DA RUHh b & G ks, S5 AR
FHE R . A0 RT DLA ) 2 BRAR G oK S5 448 41 i 2 TR A RHR A —FloBr 1 42, v LONAR P& @ PR
SR ELJF I R U — ok ) L

C10-49
SR 2 R AR
BT, sKJE Y, FEEEL !, Michael Zaiser?
1. PHRGAC I KA
2. IRIREIR -Gt K2

SERIMRLEL MR SR FVEREAS R MM, rTCASER s . ) DUy SO SR G J1 oAk
BE. HETR T RBES AR . RAE U AR D2 A KRB R SLIa it ool SR “msii
ARTEHVIR- SR RE B BOCHR M A R AL AT SR R T 5 B AR S S A EAE Y AR SR
A R BB PEAS KRR, AR o (57 BB S I SN A L T DA IR T A% 28 RUBE R AR Y S 55 2 i AR R AR
S IR R S 5] 2 PR BB R R A R AR U it R S5 H T JE T i PR BB AT BROTAR AL, 65 SRR BT
M IE R T 2 AR Hall-Petch XA, HARZR T 5 MRDRE AR IS B EE M 15 T 0mALRN o J f AR ZB PEASE
RS AN LB AT SR AL, B DA LRGN LA] N AR B RN A BT AL 1 2 HL R B
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AR FEASKIRRIY , FEXF A R TR K0 OO0 B KL RLAN 2RI RLR) B ) 2R REHEAT T RS T AT AL
UG5 R AT CUMIUAS [R5 A4 R B SR LR ZRAA R ) S50 25 R B I, I HLAT DASE Bt 1 82 155 A
AR B IEAL . ASHT TP SL OB RN 7 0] F T B R RE M AR “ B b - A T LB - 00 2 e
1€ BRI 7T o

C10-50
CoFeNi ZIEEE T IH &1 2 BB B
AEEL ST, XIRA L, EERS
1. Bifg R
2. RIASIE KA
3. g R BA K

ARARLEAT R A i L PR R BSOHT L BEAS S BIR U A SR ALRCR . B — B S ALATAT I AN RESR S 2 W 1) 5 1L
ROR, R, 2 BT SRk S22 1 T2 IBE T A TARBETE @ I 884 3 i 7 ik 26 1 —Fh i/ & Mo
Al Cr [FJ4FS5 7 EE CoFeNi A & <5, I Grd (1) AAE B T2 mI T ek 3R AR A 5 22 s s P 40K A
AR O AL IR AL S 4 F 7 R (SEMD, JE5T L7 B4 (TEMD AR R4 2ok (APT)
Xz G e MR HLERET T o, e deaird 7 E NiAl 7 F#%. n -NiAlMo A, 2+
VAR RN o © A, HAERI SRR SN T RERGE 1 AIO 9K . IXEEGIRATLE 400°C I R4 AT &
MRS ENE, JHER 7 2 ENT LRI, SR EER AR T 693 HV, HAEEZE KT 200 h.
S SEIRAR, ST AR AR AL, R AN RIS A 18] A B A A

C10-51
R R R B A S AL AL K9 2 R 5T
Rliesi, F5, S
UK

K 77521 REAR S (R SOV B TC IR e A S B e TR 464, B B35 A N AR AL ATATE S5 1) 5 30428 By
[FIRE A7, HoA% 0o Ji R B TC IS AR Y A AN AR 7 S o S T B A TR R R BB R AR B R o A g S TR ) 5 J 5
1, JRAREE R P S A BT EL, S PN R eI A R S TR R BRI TR U
V5 3 S AL A B AR R AR . AR KBRS C R 1R AIR SRR S BT M ARRE L LA il 23 A5
H# (GND). WM BN ARG 2 18] (B ZORHE, (B A i - A S BAE T . ARG oy N A% 5
B EHUHI R AR B 58 3% . ASCLL Cu/CuZn. Ti/Al. Cu/Fe 2 Fl2IRE BRI N %, 5T M
KR EBIE AL . SR B EEAR A B 1T, RCK S SERCK ARG RBEXS R AR S # (A AT N e
SN A B o WF TR I S5 5 T 7 R P 2 A A 28R 52 38 St e 5 oo o 00 R RS
B AL 73 1) 22 EEE o 5 o S R FELAS A HHE s A bR fs, 330 GND ZERUF A AR ] 03 i R A2
fife; RS FINLE, PR w0 e s BB AR TR e o S i S T 4 00 Fr) i 5 A R i 22
SR, FIAAH T, ST R X N A2 S AR FEROR, GND 3Ry, AR AR LA
S RN AR A AR PE VLG . BeAh, AR R B B TR Y DA I A A R S T NAR R AL e
JRHREEVE R AR B R AL, AT BT R RAPRRSF R (ko A SO FE R RO 2 AR S R AR 57 o 5 s i
LR R 5% .

C10-52
(332}<113>ZE BT HE SEEE L B Ti-12Mo A& IR G5 AL L]
T2, AR, A, A
1. ERF R4 JE TR
2. RERBFERAR K

16



T [E AR R 2 2024 B3 Jm ittt SO RL R 2% C10. & 555k

3. PEIE T K

I 7 R AR T AR A R SR AR B ARG &I RORMS, SR AR B EKA SRR AR A7 E
ES I RAARARAE . (332)<113> K {112} <111>2845 . (ARIE B 25E 2 R UHLHI RS S, X e 4% A8
TERLH 2 B2 AR S SAR A S R gL FE R . B AT AN /715 S 5 BRAR DA R AL H 1 F5 8 E BEAR T L
() SR P U RE %2, {332)<113>Z54:4E 0 bee WA B 4L & &SRR, H 3 SRR kigifb it
TR A AE R AR

A FEHMEE (SMRT) 4bF, 7ETE2 TWIP B -Ti-12Mo (wt.%) & &% 414 T JEEZ) 800
pm [RGB, B XS AN R 2 IR AL () S R AR L AU AT 3RAE , ATk P55 425 W0 RO SO 4 43 Ak
Bkl R FH. fEPSRANMBASERT, —R{332}<113>28 5 1 S48, ek KB4 IR R G
FH R AL B WACK R E s BN AR J AR T8, (3323 <113>78 Fh e A4k AR i, fr v 2 G4, fif
B R RS A BT DDA R HES R R, TG ANE F LR KR B TR eimid gk
J2 e G5 LA B N S AT TE R ZTE RGP RSN 34 £ 8 nm SEFIANK M. LAk, BEEYN
KK Ti-12Mo & & MW R JZ M8 % =ik 4.9 GPa, RIZME RN FPE4E 4.4 GPa, SAEGRAES5HI1 14T
RANED, A3 AT ] R0 e AR 2R 5 | ) 3R 2 2 B T S BUR A N 15 S T PR R AR M i i i 2 21 R ) I
W R, AWFTT A bee WAR B KA & TEHLHIFLAE T8 IALA

C10-53
438 = I A S KR B 5T
XFEFF 1, EEET, RiEE Y, RE2, RS
1. B E TR
2. MEvR L H T2
3. g SR - R AR

A LLZ M7 CoCrFeMnNi =i & e BB AR, KA BOLE M AEREVIAR (laser directed energy
deposition, L-DED) FIEGH K KIES (laser powder bed fusion, L-PBF) i FhIH4 it 52 R 1l 45 =i & 4
Jugptkl, JEREHGORA L 125 AT AR TE L BEREAT XU 9T FEIAL CoCrFeMnNi =il & 4 # Y
BT R AN SO GG, FHAAR AR oRL . R B T AN R A B A A A k. ARTHT, FE iR 24k TR
STHTTER AT, HEEHAFEE RZE R . L-DED i i BRI B T HE S 07 mTE A<101>/<111>
PHRG 2, 1M L-PBF Ff it HA B, WEHES T T 8<001>231) . 7£ L-DED #iith, <101>/<111>
S VIR T, it AR TR B0E LA, L-DED A fil A 55 R o [ B oo )ROST 05k e B3 1Y) e
RIERIGIN 1 A es i A7 Re S A AL RS IS sh I FRASE T, 53 B8 MR TR 0 5 vt UK 8 P~ T 2 s Ry
5 L-PBF #faiAHEL, L-DED A a8 sm i S AR T S 1 ERF A BRI EAY, T R1S S AR = () 52
IEPEUCRL . FRATH TAEA A 3 = i & e AR T LRI SR (i 7 A B, 385 1 I T AR G 44
1] 3 5 [ OV 285 A ARk B T 1 B 2 5

C10-54
R KPR EE Al-4%Cu & SHRAILE SRR
XA BWEK, ERMT, KIS, w2
L HERRAM R 5 TR B & R Br & R I 5 S g =
2. HERRZAEBIAT BB [ o S =
3. KRR SO

BJE S A SRR R AR B R H LA AR BRI T, B AE S RLAR AL 4 Rl AN 7T
e R BN AS R RS, PIRLEIRA AR OE 1 & e m A NRONH RS Ak RE . AL T ZH% 1
JRIRGHIALAR) Fr J= 1R i A AR B (g 2 22 A, HR N R B e, 7= IR B ke i
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HEABRAZN, EARARMHERE S SR BORIEE . sh 2R £ W, KL 4l
B RS RIENEE Y B =R ARER, Rm SRR Y B = SR AT R 2 R sh &
B2 O . AT R T A & N 4R JE4R (99.9996%) T 4 wt.% B8 = 4. XF Al - 4%Cu &
Sitahn sy BA L, BITE 75% BT R A ST IRIR AR B K (100°C/30 min) AbFE 54644 5L
98.6% LT & . IR KJGHBEMA L ERIBEIITE, H H RS ARRAE & 7 BRI, R SR A
TERREN GP X fEfaa i 2, 1B KJE ¥ G 3R M0 W3 e AR L 23 J12E 1k Re . fHELT H
LR ELE 98.6% B &N Al - 4%Cu G4, MAHER K G EREEM 82 nm FEKE 51 nm, 745%
FERR ST %, JEARTEEE M 417 MPa #2552 497 MPa. I AR K T2 )5, G4mO k4 B &
1, D3RR B BRI SRAHLEI TR I, BRI SRALAL S etk S0 s st . TR R
IINIBKALEE, WEBRK T ARG EZES RS EE, Nk B — P4 iR a4 aen B
o AHWFFONEGELE T2 M &, B E SR T H i35 Bk,

C10-55
WOREIR A 53R R A 23 IR EAEH
B
TR

SIRMEL R SR SR B MR IR B AT B AR . S OO ALY (FCC) @ Al 5 2r
a7 Z 18] AR AR AL EEAT KRR TT, SR AN S aii g AR T, FATRAPKRIIREAR R
MR 1 AN AR IR A0 55 28 i SRR W R T A 2 RV PR S, T 13RS 2R (CTB) X3 X4
WA Fe-25Cr-20Ni R IR S AIALES R . B 1E % SR A - AL R -h 2 70 AT, B 127 4
FHE IR T A AT NI o I8 I M 5 kLA SR 2 AR U TR, HE TR IR IR IR S 1
FEAR S R G PR RO R . Ak, B TEM I 2 AT BR o7 At v 1 AN R EROR B 5 A 5 s
JIv s (s 5 BY DI 8L 77

C10-56
W/ RSF Ni-Cr & UTie 3l 71 % 58 B 0T
g f+
[ R} 2 B 4 A 9T B
Hh [ R AR K2

FiF 1 30 2 B I o VR [ Y R b T D R T AR A AR K o ST, T 4K R <6 b it S F) A7 ARG E 12k
FEARJGERE T, PUIE ARl % 5 A b R R A2, DRIMAR MR 7= diob RO W T AT NI RE T . AR
g, BB T T AR RSHEZ) 85nm & 10nm Z (A4 K di kil Ni-48Cr (at.%) ik VM [ 135 ¢
B iR KRS, Cr WU NGB A JTHE R, TR XU 2 A0 KRR 45 4
Cr JLEIN AR BN 758 SRR RS RS AR, R A b RS 1), e MR A T
RIS . PRI SR /122 0 MR W, BEAE SRR R LK A A, AR a0 R R
ZER AT RE 2R T TE PO RE A (0 T 5 BR A R A AR S S i TG X B T AR A ALE AR . 10nm FE
it B T I ZRK RO Ni-Cr & AR ISR it iR d s R 5 P LURAR S iz e vk, I mitk
SR AR A A =

C10-57
B AWOERE SN =4 MXene (Ti3C2Tx) FPRBRE RN A SRR
SRHLRE. 225, PR
S NN

18



T [E AR R 2 2024 B3 Jm ittt SO RL R 2% C10. & 555k

BRI RS RAIRE R, w0, T M THUERIR . 8. EYEE
AR RBE U . AR, H T AR A LA AL RE AN, BRAER A e 2 T R U AL, LR
7 AR AF Ay o Al OGN AL SR Il R B 78 ] P — 2T AT RLZ ST AT BB R A P RE I A
AR HE BRI G A B AR MR R A B T 00 NSRS L i B R A SR I, L
Benl SEVEUSSR IR PR AR . 10 B REL, AR & R R R I U EROR, FEARERR I e il 4t T
TR, BE)E IR 4t MXene (Ti3C2Tx) AUKIRIZE, RGWIIT 1 EEHEHIERE X E BRI Bip4s
PEAAT . 2R A RIS EBORBE ] (R R VAR AR “Hiisk” BB ML, BERIE MXene 9K
PRIR M BRI 5 PR R R BONE R R . BEIRR R B ME M s, VARB R mT
“HiFR” MXene, FHEHAE 5 SEEE B RE POE BEEE NI “BERE” RN A Ak S T4 S B T A
Mo B4k, MXene GKIRIZAEBEBRN IE R N R AFF S AN AL, TR BERIR, T AT 2R3l A4
MR E AN BB IE AR T, AT K s R 2R R o A TAE R & B AE 7 2 BE 40 00 B IR A M RE SR T
THRE T Hrigtz.

C10-58
TA15 &S RIBEE/RMTRELLBRITA
g 12, R, KIZH™
IS RIPNE 2
2. City University of Hong Kong

ZmEEME, SIS 2 SR RS, RN R . SRR AR SIS £ e H
B HA, MERRSHET 20nm (de)if, AREIERBLHY Hall-Petch 205, IXF7E 20 t2d 80 SRR OB K
Mo Mab KT de, MOEHORTENL] B AL 8N SR TEHLH AR R AN R, L&A R
RERIAT RFRNIY Hall-Petch. AT, sl B édbn RGOS de SIREZ PR R EN T H .
AT LR R A 4 TALS (Ti-6.5A1-2Zr-1Mo-1V) NAFFXT G, 8 dRi R SF B, TR 5 R R IR f
Ki, BB BOR S AR BRI R . YR TALS S&RIRIRE (550°C), fEIRBORERT G T &
AR SEEG, 25 F 2 O URE 1 Jee AR it B AR A 6 P2 o o U B2 T v 7 PRI . EBSD 45 SR 3R B il I o AN
MAVENEERBIALE, AT o/ B AHZ BRIk R E R R ({110} B //{0001} a AI<1-11>B //<11-
20>a ), JERT KRER/NMIERI . HIR, SIERECT SR % /0GR 887 (CRSS), N&EAH
¥ RABEIREE T R E AR, RN, 454 mIRRA SEM AR 4K R IR S08, KRIAE 550°C R JE# R
(RIS TEAL RN S RN R AR 3638 s SIS AR T 550°CI, ALK T (RIEEA ST N,
2, MEEET S50CH, WAEUEAEE (AT, mAERE; SANSFEIE AT AE, Ak
2 AR SR Hall-Petch 208, XRAER T TA1S WG AR de i KT 20nm. Kk,
TALS REERIIG AR de BEBIRERITHEMA K. 2 KNS 2 W mM R EiE e R iRt 738
) L%

C10-59
VCoNi &P S5 HIE
s, e
H [ R} 272 5 77 S 7 B

A ERAELIRG T AT SR LS, L R R R A ) 1 I #9~704 MPa F1~256 MPa X m1/2
[) IR 2 750 VR RV EE T [9~944 MPa All~290 MPaXm1/2, 7E=RAMKIR T #EAG N R R RTITEILAL . 244
N A 7 A XN R AR R BN AR, TR R T SR A A S B B R B R AL S R
o MAh, TERABER ST, EEESRINEE, AR R R LT T AL AP S X P ) AR
B T, WYEX RS TEHLE N S — A A S B, AR PN A7 7 = 25 T RS i R B AN g
g, BRI TS AR S KRR, MEREE S BN RE RN, WA R
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T RBCIRIE R A I # . 24N {111} 10 b R A AL AT 2 8] RS2 LA PR B 8] 0 5 /0N R 28 80
1%, AT EEAT RO FHAS A A 2 2l . AR T AL A 2R A A TSN R SO AT« BE R B X DA K
B R L AN T AEAL .

C10-60
AR AR S MGG T IR - R U
FHARE 123, R 2, 50N 2, FIEIE 2, Hyoung Seop Kim?, 255%™
1. xiangtan university
2. sichuan University
3. Pohang University of Science and Technology

TN MR R, 85 45 O 45 R PRI AN 259 50 1H R A ) ) A2 BB ] ke DA i 8 R S e 2 2 — A
Bolio ARFFEH, WATELEHIAGE. ABERE KACEE, 4% T — R R R 21 g 4l
£k (HOH Ti). HOH Ti MM A IRHE R (D BRI a LRSI A SN G = BEOLE ) S i A,
R 2 Bk ¢ SHIEE T4LH 51 (RD). HOH-Ti 3y RD S it 8 H A S (5 B - S FE Ve B 1R], g a1 s
] (TD) i fH iR I 5 R B AR AR I S FR P . 244 Wi RD PR, SaG 0 0E 7 #0580 & L Ft
A B AT B A AR R AN AR R . SR BRI AR ol i A S AR T A 5 I N R A A A
TEFE, P24 T ARG . FESLS TD RiAdie, B sk Py W82 21 {10-12) 25 &, 1076 JO5 %A W g%
B0 B AR TR . B FCRE— 23R, % RD FuAdie, Ao 380 A O S AR T . A T <a>YE RS AR —
HET/ 28 e <ca>E B # R AR S 1) Schmid B, RS TP, H—J51H, 3% TD fiff
i, AET<a>EF1 Schmid K FAEHAR, BREARRR “7, SEPRBHREE RaGR D, X
SRR, B A R ) 5 0T AL T A S v R B - A M W [ (R RO R

C10-61
— A LRRR R RN T IRAR AR K055 AR = R 4
sofE L, R, TR, Ml L RERZ Y, B, AN, A
1L PO
2. BRI T SR

TG A6 B SR, TR B P R RN 28 55 20aS = B R B AN, AR R ARG 8. FEAR T,
I AE S AR AR 5] NLFYRRER AR, D& — Pl s B0 AN . XM B A 8 v 1 e A o FEE A s i
B, 7393109 1560 Al 2103 MPa, HHEISMRKFATIE 7.3%. (AR &R (CT) ulFE, @i
IR TV, R T X PN B B R A BRI (J-R) #h4k. SRR, XFA B EA R
BRI (KIC ~105 MPam1/2), LTV 2 BRAMIE R KR o X MaF4uRaEk 2 A i N 1 IR 24
() S PO S A4, ASEAS AR LE B o e 1 o LA R v 1 S AR R A 3R R B AR 22 B TIALIR, AT S B0
e BT 2L N AR Ry i 4 2. AR PR W2 e s #E N (the energy criterion for fracture), 1181 CT 1R AELY
PIVLH . R B EEPEAR T X s (A 3G TINLED  d e 32 R80T F& DL S AR 4RI R Z AR 1 [ A4 2 8] 1)
FHr )2 AN INLED SR TR BB AT R fE . H AT BRI 7045 SR BT S S S o
= W) RN A

B

C10-P01
HA A REAE S KRR R R EARBORL R &
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VERIAR, 5852, TEFE"

el K2

AEREEME R A G SAG MRV GREERIPUGEEM) FyuEBrEse. R, =9RE GEE &
T 1.5 GPa) RRMREEARMIEREE. ik, FATRE 17— R R ARk 2SRk G, B3
LN 35% K S BUE B AN SRR (£ 500 nm ) o, ITIE A GIAE] 2 GPa (174 = i R e Al
29 13% MARFRAR AR . PR RS RLE I & R/ E B 08 T & R . BAIROR A X 35
R R AR A TAT AN R SO 7 A A S A I e R AR T YR . SAh, Atk
YR KRR RSO 5 R0 B, LR R G S RABORRIIE etk . AHT T iR et (8 o
AR GHRIDRR ARG G B F T FRAETTRE T — i

C10-P02
BB MRS 4 Al0.1CoCrFeNi K5 R IUE K23 1120 5%
AIL5E"
NS TPNE

B S FE) v 95 5 2(GS HEA) A% S22 2 25K Rl o < AT S 4 1 s 2B W IR E e, (HANIRIRR 70 A
(BR 3O Ram BB PE VL B R VE B AT O 2257 o Wi 3o AR B R, MDRL A% B (1 9 - SE R PRI 1
R . RSCRE G F30715% 77155 T HCEE T B EE RIS 5] 258 R A10.1CoCrFeNi il & 4x /1%
PEREI 22 7 R R R, 73BT T AN BAFE# 2 T GS A10.1CoCrFeNi AR TR AN B R BERE A, I T B JE
ZERA R ARF IR 1) IS 56 P A PSR PSRN 28 [0 2 R A2 77 A i 5 P - 2B W R R0 ) i R A P 5 A v
PRI n =3 I, PR AR REAN 5 L - SEE R B 302 (AR OK IR B 13- A B E AT n = 3 I i
W) LA EEA A (GNDs) AL A F L[R]3 il 1 o AN A5 SR Ja S0t FE AT B L 5 IR i 5 e i 1
R B

C10-P03
Sc FEXHKRLEM Al-Cu-Mn & &G0 & IR W
N
HIRRT:, MERRES TR

YR LR RE R 5 SR ) 2 RS B2 R, AR, LA R e MR ) T AR R R A
BN . AR T S 0-0.2 wt.% Sc FIgIKE5# Al-Cu-Mn &4, £ 200 ° C #1250 ° C %M FIF
fili T HMFE M. SREBWME Sc uRMHBM, TMEREESMAFEERRRERT. X—dETE
JHET Sc JLEBEWEIG N 0 ' A AR R % B R HR s AR E M, TR AL T RO 4548 ) #vEs e P . AR,
EAERMZ, 2 Sc FTEMINE 0.2 wt.%i, AEr#FEEEMET 0.1 wt.% Sc &4 i FHF. X+
BURRNBESE Sc M3 R, Al3Sc BURLTESS SI40 IS A2 A B 78 B S AL BE R 2 AR AL, SRR KT FE
HifssE 0 ' AR Se SRR, BT 0 MHARFEMEN TR, SE&EREWREEREE 2 2R m. 45
R, JEREIRIN Sc LR LG B A BOIE R Al-Cu-Mn & 4 R 1 1) 8

C10-P04
GORGEH Al-Cu-Mn-Sc 547 AR5 40 F 3RALR R T
FFRN2, R
1. EPRKAR AR
2. BESMEEPREERE LS

N T REZRGURE IR, F R AR TR R k. A, A shiaied fesd, 3h

™I
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BEE R RESSEASHAL, BIKEBIE S ASAMLEE S, RS SE R . AHFF L Al-Cu-Mn
Al-Cu-Mn-Sc & & AN S, (EREIREE T iEa BAEEFLH S T 90%, 98%F1 99% 1 &, Al-Cu-Mn A4
PURLHEE 2 A 434 MPa, 469 MPa Fl1 492MPa,; Al-Cu-Mn-Sc & 4514 55 53 54 482 MPa, 545 MPa fll
548 MPa. XfLLMFH & E T LLRIL, Sc MMM Al-Cu-Mn &4585A T R &R AT SitEm
i, WHELHIZ 90% AL T S AE S AT T AN R FE 5 B i) () A () 18 K AR, 3R K 58 U 4k BB A L FL R 21 99%
B, GamEA T —EME. & TR KRR A Y b HAH, 7EFLHE R H A 8]
EIE=2

C10-P0S
R LR AR R A FE A 2R O N
EBLEE, HHT, IR
AERRHECR

V8 G P G P R TV - (B SR SR AZ O GR, IEA S B IR R G B Ty FL R, RN At R
SPEE M ERE, TS BRI AR S A — 5, ORI A RN EE. BT
WA RIS, B HIAAER AT TR . b a7 RS G BAR AR, (A
& T I R AEAN S, T BB IS 5 T AR S T R R A R e A A A,
KEEFRAFEER . BT BAER IR VE £ [ B, {H I 200 AN [R) F A ] 1) 8 FEL 34 5 308 20 e AN 330,
HRREUT ) Masson BB T =70 & 2 7ol RAMECUHE . IAFBRAE N Bl i s, A I 2% 1&
T BFAEE, LU E A 20 i E KRS, (KRB B — IR T e G A 52 bl )
HSER I, MARFRE IR TR MRS MR, K, AR5 FER AL 5L B3
Kt o+ 2L o

TEARSCH, K00 FEBYONHE R I E R A AT, T ONE R ALY (CaO. MgO
20 B8 AN A R 12 IRV ARV, AN TR B R T T W R EURS A R 1 B GRAIE
PR 7 T BB AT 7 N CaO-SiO2 fil CaO-A1203 # &, THHAFEI CaO 3& FEFISEM CaO 7EE HA R
LFR 101 MRR R, Bos HOZ AR A B R v i it @l R T ER IR A, CABECR IR E A R
I H 0 TR RSB A AT 240, D IS RS 7> TR & A s 7EA R B XA B 20 7 BE e
X LRI UEH, CaO-Si02 Fl CaO-Si02-A1203 ¥ & HH izt 5 HAWBS I TT BE BT, X SLIRE IR 2R
/N, 7E CaO-A1203 ¥ ZHOFEH 7 T 210 AT 1S 45 SR S8 Wl SLURAE s S8 2> TR SERR N A A, DN EAFE
TR S 5, FE Ca0-Si02 Fl CaO-AI203 ¥ R 4L ICif ARk, FEit— B4 S H 3Ca0 +Si02
S HPRAP IR B, I B 20 TR B e R AE 5 A B A [ AR [ R 23 s 67 B — B8, BRBH B 2R 7 Xt
TP A R,

C10-P06
NiTi &K EIR 712347 AR 5 F 31 S R

EEN/.

PN

KR FEh 073 R0 T b RSP TiNi & & S 23 R B AT NS, it — DR
IR, SR CTIM J7 3250 5 IR AR AR FE AT AR 0 b, a8 rT AR A R R R BR 0 40 S5 7 1)
TR MHAREGEREN: MR /NT 14.9 nm B, gk G S5EERIH R Hall-Petch X &R, 5 IKAMH
AR G PSS L FMRAE A RLR AR BB AR T, wAESIE ESIEM . Ha KRS RT 149 nm B, SRR
5 fF A Hall-Petch KR, HIRAEMER T FREEREBHEADE. AL, @R T 5 REHEE NI D) AR
MU, iR 778 BRI AR A A BCC 45 M 1Bk BCC 544 . T3] HCP 45 MBI HCP 45 1) ) 45 1) #6458
Az
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C10-P07
R TEE AT T 25 TRIP B4 &4 VR /7 2 P AR B 5
T, RAE
PPN

FE GRS AN G S, KRGS SMB R R SR G SRR TR IR T REME . AP
SRR B R % G & T FVERE IR AT B A SCRAB AR 1at.%N Fi1 0.5at.%C RS Lo i & 4 AF
TS, R X FLATHXRD). T EAE . BHUH L TATH 2 HT(EBSD) S RIETF B, ML
A AR FNAR FEM L 9 5 TEIAIE 78 HeAE 2 VA %L 5 JE TR K (800°C 5 438h. 800°C 10 4041 900°C 5 43%h) =ik
AIHLH . 45 REZ I, N GRG0k 0027 (FCOM, &4 20 FCC 45H; 1M C B0
W64 Lh FCC 45KN T, /D EREHES T (HCP)SE M . BiFiE C/N (146 448 A FLAE IRHE K 14
BHAEIAREFLE S, BROEEE 37%0 E. N BRI &4 r 285 A3 2R A8, i C
BRI ARG SRR R LR AR B O . IMINEMNERIE TS, SG8mE S8ERNES. &
T 1at.%N G230 7 o #15 HCP AL, AFHAKEE TR N B340 5k 05 Sk, &
ARG . C BRNEHG SRR ERT KA TS REEA. 23t 900°CIR KB 5, HBrr+
TR PUNTIPEBI R FIRHE . T2 800°CIB KA C Ml &4+, FCC. HCP 5 o MHFIIAA/E, 1X'F
T A& AR SRE AR, W RERIUN TR AP R IAE . A SO R I A G 4
FE A R R B T 7 T A A S50 S P A B AR A

C10-P08
BB C/N JR TS 3L T5 2 FE o & SRR 71241 e 52U AL HIR it 5
IR RANE
DN IPNCE

Z T H &R R BT B AS S SRR, RIVHB AR R ISR AR . LR O T M 2
FoEse, FEAHEERAERE N BATRBRETIERE S, B B RN ). AT R E TR
M2 F o0 A e FRIE A RE, @i XRD (X-ray diffraction). F4 25 &5 B T BB SR
FB, 828 C/N JuZ CrMnFeCoNi 2 FIn6 & Fil KR (93 K) IR AT R RIHZRHE, 45
RIEFRZ 0 & AR T A ZUEAS IR LA R AR TS . BEFLRI, TAIFR C/N RT3 R Re a8 & 1 &
G MRoREE, I HLJm IRsm R 0 8 iR b iR R ) PR IC 2 EHE %S, AR Ree IR+ R I IR 2B M . b ok,
B & &R E A SRR, UEE] CO/N 14826 vl LA & &M 2468, o & e
TENLH . AW TR AN AR 2 3 706 S R ARTENLH] . s 7 2N ST K st e 0 AL )7 2 T
Ga iRt 7 EIR R SLIS S HE

URFRRX
C10-PO01
BB IEBEOC TR HIE R R T R & & KRR /1 # R
Rz
ISP ER SEPNCE

B (Zo) GefENRRAB N ARz —, miEsREVET & A RSN O T2 R IR
& KA o AIE ST ML G B s WAL 2 R AR, SR S 2B A8 bl A WO L IR OB HOR
A Z VIR G A Z 1A PRI O A R G5, il T HAR SR MALR N &S Zr G4, B
TEWT T Zr G &HOC RIS AT B AL LA N ATE AT [ S AU Ze & Sdh R L
Koo MASAR A AR FNNY 45 M5 AR (1) - #0-75 - ) 2 W87 2 REARAZ S 7y 2R bLs] . 26 i H BB IR Y
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PRI LTI 2R NI R E IRARARAS B s B A s AL o Sl 4R s BB IE Zr &
SR ARAR -SR] . 2V REAE R T B & R H AR N2 RS A Ry A 2 &
SR LRI, SEIL T SR Ze BRI, 3R T 1300Mpa LB IHTRI R EEAT 10% A E
HIRLAFEAR 2

C10-PO02
EE TR A R DASEBAE PR AL P AR SR T T B
F A
RN
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Effect of Tempering Temperatur on the Carbides Transformation and Strengthening Mechanism of Novel
Medium-Alloy Steel at elevated temperature
Yu Ji, Chao Yang, Chundong Hu", Han Dong
Shanghai University

The effects of tempering temperature on the microstructure and high-temperature strength of the novel
medium-alloy steel (25Cr2Ni3Mo2V) were studied. The results of high-temperature tensile tests showed that as the
tempering temperature increased from 590 ‘C to 700 °C, the UTS of 25Cr2Ni3Mo2V at 700 “C decreased from
420 MPa to 290 MPa. Transmission electron microscopy (TEM) results indicated that when the tempering
temperature was 590 °C, the higher dislocation density in the matrix provided more nucleation sites for MC. Nano-
sized spherical MC carbides were uniformly distributed in the matrix, and the slow diffusion rate of Mo effectively
inhibited the rapid coarsening of MC, maintaining a good coherent relationship between MC and o-Fe matrix.
Small-sized rod-shaped M23C6 carbides were pinned at grain boundaries and lath boundaries, inhibiting grain
boundary migration and grain growth. This resulted in good thermal stability of 25Cr2Ni3Mo2V at elevated
temperatures. When the tempering temperature increased to 700 °C, the carbides underwent significant coarsening,
and the dislocation density decreased. The solid solution strengthening effect of Mo on the matrix weakened. Based
on theoretical analysis and TEM observations, the high-temperature strength of 25Cr2Ni3Mo2V was attributed to

the high dislocation density, nano-MC carbide dispersion strengthening, and Mo solid solution strengthening.

C10-PO04
Study on the Crystallographic Mechanism of Microstructural Heredity Interruption in 25Cr2Ni3Mo2V
Steel
Chao Yang', Chundong Hu*!"2, Han Dong!-
1. Shanghai University
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25Cr2Ni3Mo2V exhibits significant microstructural heredity, making it difficult to refine coarse grains after
forging. Optical microscopy (OM), scanning electron microscopy (SEM), and electron backscatter diffraction
(EBSD) were used to characterize the microstructure and crystallographic orientation relationships. The results
showed that at a subcritical temperature of 690°C, holding for 24 h to 480 h, the non-equilibrium o phase in the
forged structure underwent recovery, with the proportion of recovery and recrystallization first increasing and then
decreasing. The grain orientation changed from the recrystallization texture {111}<3-41> to the cubic texture
{112}<1-42>, with no fixed orientation relationship to the original coarse grains, and no merging occurred during
growth, breaking the microstructural heredity. Meanwhile, the average grain size of austenite was refined from 103

pm to 63 pm.
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Achieving a superior combination of strength and plasticity by designing a novel multiphase stainless steel
with high silicon addition
Zixiang Wu"
Nanjing University of Science and Technology

Stainless steels are used in a wide range of complex environments due to their excellent corrosion resistance
and good mechanical properties. Multiphase stainless steels can offer very attractive combinations between strength,
plasticity and corrosion resistance due to the coexistence of different microstructural components and their
interactions. In this study, a novel cast stainless steel with high silicon addition was systematically investigated
using XRD, SEM, HRTEM, EBSD, p-DIC, mechanical tests and etc. It has been shown that controlling Si content
can promote the formation of ferrite phase, stabilize austenite phase, and obtain martensite phase through quenching,
thereby obtaining multiphase structure. In addition, the addition of Si can produce nanoscale G phase in martensite
and ferrite during aging process, which increase the strength by a bypass mechanism with dislocations. After aging
at 450 C, the ultimate tensile strength of the sample reached 1350 MPa, the yield strength reached 1100 MPa, and
the uniform elongation exceeded 15%. The excellent mechanical properties are mainly attributed to the stronger
hetero-deformation induced (HDI) strengthening and nano-scale G phase. The relationships between HDI hardening
and multiphase plastic deformation were elucidated based on in-situ tensile testes and digital image correlation
analysis. Besides, the interaction between dislocations and nano precipitates were revealed by HRTEM. The insights
from the novel steel will provide a reference for the subsequent development of high-performance cast stainless

steels.
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