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Strengthening complex concentrated alloy without ductility loss by 3D printing induced high-density
coherent nanoparticles
LS
NS

Strengthening alloy by high-density coherent-nanoprecipitates (HDCN) is a proven and effective strategy to
break the strength and ductility trade-off. How to induce such HDCN is a necessary link for development of high
strength, high ductility materials. Here, we report a strategy to prepare HDCN-enhanced materials. The proposed
strategy is demonstrated in a 3D printed Cu-based complex concentrated alloy. Fast cooling of the melt pool for
additive manufacturing brings high-supersaturated-solid-solution, which provides a very large number of
solute-atoms for precipitating, it contributes the high-density. Coherent can be attained by spinodal decomposition.
The above two components build the HDCN. The paradigm reported here is strengthen, but its ductility is retained.
Which relies on the passing-and-pinning dislocation. This strategy provides a pathway to develop excellent
material for structural applications.

TG 5-03
AR AR 29 M B ST MR £ 0 & SAE 3 11 % M
I, BRUK, TR, AVE, B
LESSib g

PIME# 2 T o064 NOTiZe A, M2 73l AL A2 R Fr BE 3G N A B 5 Ja) &1 i
WEAR I PEAR, 3 AR KO R & B R J) R AR RN A 112 BN RE ) o LIS LR FE AT 3 (1 e AL ]
WANZIE, A2 PSS, ARSI AR, BahRE/g 9, 14 P RS 208 R, W&
3 PR AT BN, FRRFEENRE . XL SR, )AL e s el R AR AR T, TR
PAFIZ B 2 M B2 R R P Lo . 3D R 1 e, SRRV, LSRR A Y A A Ty
AR R I VIR ok A2 PR, W SR DI F ZRIE T AR AL A A 4 R
SPHEOR, LTTHRET OB I AR IR AL, ORI SR DTN B R . & TN R A A R R A R
2 EouHs & e AR s gt 1 B



T E AR 2 2024 B3 — Jm SRR R & Cl4. ZifprpH-81 11
G504

ST R4 5 IR B AR SR P B
A
AR TR

FORH SR EEMFINE (Ut lrane /1) MBI fE, MECLEA . B — A it mom N B o B Bs i
BEEE, HATIEBOVEZ:, RSO ROR A SRR 4 TR . X BT RS A s
PUATF RN R, RRIET 1053 e SR AN AR SR B I VR 4% 5725 o AT FH B PR -k 3R A AR AR i S 1
Mn JCERIIBCT, EAFRE LI KA Mn SRR M. BRI, XEERBH Mn TR A
A RITRTE B RAR AR e 1, HETT A3 A R IBVE RS SRR, A S ECE R 8. AR, fE5T
W2, R B A Xt AT A BRI, A R BHASR ST B A AN g o BE—2, AR )
H AR P B S BT T LB DA B 5 S IR R SR B R 1 3k — B i

BEHT-05
A P BIE TR AL ) L3R T ZR AR P
PR, R Y, R
1. ALK
2. HWERF

A TAR LA i SRR S B B el o TR HERR S5 (fee AT hep) <)@ A4REBL AT REAEAE (1 —Fii
Fm LR, AL A RN ASE AR o Z AR 2R R IR T Ak P F) < P B AR T
RPN, I BE Z RIS AR AT TR S R A B 1S, RGVEN T TR RN ASHE R
BRI TS S5 RO AN )AL AR AL A LB, SRR e 45 A B Tk — 20 R 5 JR S5 AR SR PR L B

=GR 5-06
T RS R AR WA R
L, e
ES NN~

5 AR IRAL R SE LR FE AR 5 T S T L RE VI RIS T I R AR 2 — o DAV JEUSL 2 e AR AN [ AR
UUERT e AL S AN B, AT At 7 BB AR AN R R AL S — AR AR B D1 22U . 5, 2
T =0 E O T B BEAR RO 2200 M TR R A R SR A A e AR T BN 11, JFAR
TR IIUAZA KRB AT T e B AR SE S L . LR, B Toiie s AR & e oL e
HHZEAR, 00T T o-Cu I WANENVE A UTiEdT th e Jm R S AR R h sl 78, R ERA AT 1 AN R
KGR E AT B AU AL R, B RO R e SR R AR A, BE S AR v AR R AR
FREIHT AR 2B AR5, LA ERERAT S vIR T, Bt If e 2 e RS MR ARG SR 2
AR, ST SRR S SR AL . 5 b, BT APRHA-B) ) T RORE I R AR A
BHAZURHIE, TSR REA S AT RS T (PR S 4 .



T E AR 2 2024 B3 — Jm SRR R & Cl4. ZifprpH-81 11

NG T-07
RSN J1%
SRARE*
JEHRRHBOR

ARy Stk o N AL AL RER AR T B, R s AR rh i B2 . AR R EER, B
FHAZ BORAE A 4 BRI HT, WARARAS AR Dy R G i T B, S8 B R g AR AR s AL T B S I
A AL B B AR A U A A A 2 s it i s AN A S e . AR 5 IRAR B UL R 1) B R A 1A AR i
i, A PRI SR B AR T B, BRERIRAIEOR o o 2 it se e AU, AR A AT AR A2, i K 1 B A
(8] B AR ER DL ERAR,  ELRERE I #4728 B ERAR AR AL 3h 112 ML G S, SR, A3 Rl A B ERAAR K T B
. BeIeREC) MBI LA M ANERE, AT 078 SRR AT R AR AL U % RS S PR AR
AR, ON T BRI AR . BEXT L B A AR AR SR 22 1) A, PRI T 1 i v B
RAWARAR f RS2, %2, 37058 BRI LOUAAT NSRRI A, WFTTHos 1 i i b B A
WOARARAT N SEACUAR, HfERE 70 BRI AHAR A B AR, R AR A H AT A R AN B LR 1
HE IR AR S R B

G508
WHRGRBACYIRIAT AL AAHTEIAT BT
R, SR, SR, PRI
1. R ERRA B T BT R
2. BB RFENUM TR
3. REREEM R AR

Hr b sk R4 = e R A R R RO 807 e FEANERAP RN, AT SINTRBAN K R IR ALY —
EARZSFAN TV I I TEH i SNERADRE R 2K BR ALY AT HH 32 ZEA AR T BTt 5 BEALAT Y Ay 5. T
T 1968 FEAE T Nb AN R AR P AHL, BRI AS IA]_EAMRe B R IR HR SRR AR T 25 32 22 ki TR &
LTS CAE T, 3 LT 5] KR B AN LRk b, BRI, T LSEERIRIT LA R, RIMEAERR KA A
ARt RErR, AT SRS AR A R TR S ARAR RS, R WIAbT B e a2
FMESE—MARFE 2SN . H AT SR b O SRR 1 H AR 2 55 A0 57 T i i A SR T RS shid e
AR BN JI 3 R B VIS, (H AR AT A QR B . AR5 4 B Se SRR AT 7 20
WETEBUIR, B2 TRl AAETCER A SR AN ALAT D07 T S 5 BRI FEE e, A 4R IRIAT HH S B Ak
RVERL,  BIEEP AT T i s SR AF, DN 4K AR I 2 S P A e oh S Bl 18 S 4.

G509
AR YR I Rk B A B Bl 71 ST L
(NZR
(RS SiiPNES

FE DR R A () A FE T, 8RS B & < 0 3R 12 LU A% (Displacive) B AU AR UK LR
BB T3 2 5 BU(Diffusional 5 2 & I Hi(Diffusionless) B3, HSRFEIESUL. BRI J: o
BRI A 2208 HAEE, FRAHZ I Zener-Hillert Bt IR iAEY HUE B4R o ZAFLE
BEMBOIMAI G, I HE s TP EIE . AT R, KRIE T HE BN 5|\ Zener-Hillert #it
g1, BEAS [ E BT o SRR RGNS SIS SR . ST 00, P E% R R R 5y
BN HINLRE -3 B, BRIN TN 1 Fe-C-Si FIZAK UL IRARERAR 2/ AN 58 A AR 5 1) UL AR 3R 1/ B R A e
WL s MR B 51 A 7 4 AR 1A RE B AR BIGRE YR 2 A PRI T A% A o ) 73 RE R OB 2 b R BRI T 3
AN o



T E AR 2 2024 B3 — Jm SRR R & Cl4. ZifprpH-81 11

FEGT-10
B LA ST H ARSI 1A T R RO
TR, X
B[ N

FEBR & SRR T oe Z R 1R R B A R0 30, ARKRE RE VA BT S AN 5 A A T 7™ A2 0 PR
Brif AR SRR R, L AR AT B ARSI CEn p's, p'LAT ') S5 B1 AH. SRIMTIZS,
B Z ATRE R SEIR A RERIE Bl FC o8 MIRAR ELHENT HHIL 2 th S T R B AR T R e AR % e, AT
WSS E VR B SRR IHE S SR RIS 2 RO AR AR, JF 5T -8 ) 22 ek 32
7 A A R AOEZ S, P Mg-Sm & e ABISRRAL B5 p1 AT EIN-3 115 . 25 GBI ISEs
RS, FATRBHNL R RS 78 & e rh SR AR L. B B1 AR IR A 32 2I9K-3 112 B
[FIRONEFR %S, -0 2 BT BT L BT B RIS A2, Bl S AR () Al B 2 AR &
ATHIEHUHAL . RN, ASE SR T RS RERY], ARRE BHUR AR AT LU A sne & 977 2 Ay
SE—F Bl ARMAHR G AR, I HAZHe AL 2 B NARBE T A8 72 i e 5 BUBVE R . AP
St IR AT AZ 02T AZEAR S AT ERASAEL b T2 S BT 7= RO AT EE AR AR B 38-30 70 22 W [R] 28000 -6 A

HEREMER AT R R RE .

HEmT-11
6xxx REBHEZMTTHTH KR 11 Z 0 FBT R
PR, Rz, g2
L PEAE MRS B o A [ 5 B s =
2. PHAE TR RS A I AR O

6xxx REG R SLIRE R EAHDGE I E AR RE, L0 5 FERUR T [V -1 250k R v s AS TR A
ORI o IR A AL - K TR E B, hFSES, mETE R A A T s # B
G E MR RE S T F MR oxxx REBE & BUHMAT H b SRR, SR H AT B ARSI E AT
HARTE] 8 458 RIFABAR . ALk, ABFREET Z M H KWN B3, MARAS #2011 W5 [F M FE 0T T 6xxx
REG 2 AHTESHT R0 R R ANFEREAE, 3301 [ B T B AHTE 2 AH S ATt AR AR BT Xt 2 1 6 4
SRR T ESEOER G M. B, ZHESITHIIEEEREN: BEE oxxx REBGE&PREEESEN
Bahn, PUAHEEMERAR A AR UL AH. U2 AHFD B'AH; #ildn, ek A 0.52 39 1.96 BF, 523 K K B"
KB BAHEACHIRI M 1.2 h 3EK % 2.7 h, R & fE A &b o i W T A RN . LUk, ST H A
BRI TENFEER TR RGeS R, o 7 B S IR ST 44T th Bl I 20 T 2SR
Ry RO S50 5 RN 45 A B R [ 355 T BUAHTE ZAHSE S R I EH, XFRL 6xxx REAG & HEM I
The L EFTR, SEIHTFRIRTT T ARRRD AR TET 6xxx RE G4 2 M5 4T H s M i 5o [ & B
FEARREAE,  MHT H A AR $8-2 71 2 B[R] £ B 6 4 O3 R 20 T 2 S AU IR AL e 3 4%

G512
X R & SR
IR
T R R



T E AR 2 2024 B3 — Jm SRR R & Cl4. ZifprpH-81 11

G513
WS RiE. RPN R RS SRR
Wi+
R IIPNE S

i AR BRI T B R, e AR T RIS B N B LR PR RE R S e TR . ALK IR
FEAF SRR MV U B . SRIMA%L Gt & S IR BEIE W AR T4 5 EAE B0 TR BE T el o 35 T v o v
M2 oGt Ik, NE A 2 B AR RE R BT A & e it T BRI 2. &
W FEEE T AR B SRS AUBAC BESRAS T — A S8 IESVE A (-196~1000°C) 33 B A DL F7 24 ML RE (A H o
WG, ZaE® LL, BEE (58.5%), MRS Mk RERE 4R R s KR 55— hm, &
EHEEREBUR, AMEURAEARIR AT R R R 2R, e m e R T RISk, BAh, 1%
BEAE 700°C RILH 7 WA RCR RIS, JEARGEREEFTIA 1045 MPa, X FEZ AT L1, A S
HIZZ RS LR FTIE ) Kear -Wilsdorf (K-W)8{. B Z K, JRATIERE UM AL B 1 75 V5 (45 8 = A 4R
ik, TR 3R T AU IRAETE I RE . BMEE BRI R, &G EAE 600-800°C A X [R5 24
R T RAFIORLAFEENE, FERBAE AR G A HETEIL SR o I L0 T0 A HL AT B2 N B LA ) 2 S s A R e
M BE— 2B HES A B AL S PR RESR T

G T-014
B K5 225 712 ME & 1A 3G Bk & S 4L BRI
BT, R, MRk, MR
PHAL Tk K%

HI T HOGE R BE R VIR Ti-6Al-4V BIEIERE b it FERR L L v A 2 DLR R TR I R A, 4
M B DVEON R AT S, AR RO AL S Ferb o 9% B8 B2 TR 2 BOGE 1] BE B DTN
Ti-6Al-4V A HUMNEBE I SRS VRAE . H H AT TR 18 AE ERIEF AR o B RS R G AT ok
Z RV, IF B2 O AR R AR AR B 1 AR A it — DB IR R . AT U3 T2 L EE
R, GG R ARRENIRRE, RS T LESE-A LA SR R AR, RS
MAZBN T35, Gy MDA BSEAL T 2 TAR 70 U5 2 T 2 IR AR- DT FE AL ATL (P o A 2% T8 BETIUIIASE AL e
RLIGUESEYS:, A ILHT AL o BRAR B0 L TIIRS B 77 TN 1 T Jm o o Y o Aok B BE AR 2 50 25 A O
HJ5 AR P AR AE R REI A R0 o (ERAE AE PR 1 12 PSS 58 LI A AR AR FE B TR v
AR I, JE#E RO R RS . IR T AT S DO AR IR A A R B IR A, AR tAIE
WY T 2 I RO UE R AL ML R O 8 M BE R VTR o BRI & B AT FEVE . ACHIE 00 36 44 il i
Ti-6Al-4V &4 o 2% T8 B AHERG TN, R BT 32 ot oW 21 23 b L A Pk e e

DEHT-15
ZELAENRNFS h¥EREN
L
Hh R S0 5T

e LB A, MR SURES R B R — N2 F e aeM& TN, W51k 7RG
EEEP RN e MR EIN, FEMRL 22 S DI RETE AR T THOT 40 1 ORI R 2] . 2 30T
B S R PO SRR AL, R RS AR ELIE S M AR TR A IAL SRR . SR, AL
FETE BB A ANTE 2, JF BN 2 Eooa SRR 5 2 g e e iR zR . Sk, A4k
TR TR RUZ RN, B e SR PR TR B R AL - P AL IR 0L
I HAR Ve BUR R0, SR ARG PR AR s e RS I BOR AL B S5 ML TP PR, A2 32
TEE BN EM ISR ORI A2 530 B R



T E AR 2 2024 B3 — Jm SRR R & Cl4. ZifprpH-81 11
G T-016

&R TWIP S B AL AT Ko TREALHL
R
JIREREEBEHA R ST

AR IBE (TWIP) ARPEDR S AUt i aN B I i s 28, HI S R & - 50%. —
BRK, RZFINNIEAZE G TWIP AN AR R A s TAEAL R A B . AR R b, AR E ST 4%
L AN = X L AP [ A SR, (IR BT IR AR 2R e, TR BRI B3 /2 TWIP A9 e (oL 8 5 S A ey
ARG AR IR o RIS, it k20 e B 17 1) 2 [0 9 i1 S TWIP AR, A AV A B AT D9 B AOML LA

w517
B S AR AR I A -3 Fy 2
PR
B[ N

[F A AHASHIE TT AT RERL 2 AN LR S USRI B ER S — . [ AL AR IR AE G R AR BN T
RE A AE, INRIEAE BSOSO A SR 1A it i 28 < SR S5 AR e T ROk LB AR I Se PSR
S, WENGUREERIARL oy MAERTGRRORI AR L St o UL IR AR AR B AR A3 A,
M-SR A, FEAGIAERARAR R “ R AL RARAR A AL AR . B8,
B2 A E R UL A AN IR R W B SRR

FEGT-18
ISR WA & BRI 1 3 /2 R R
SR
PR K

WA T & e A MBS JE R, 0B H R (K 70 2 . DIBEAIL =2 5T o ST, Bl ARAEIRLEE
1A AN AR, AR S5 B kA, MR R Tk RE . Tk s e g o r &
B SON BT VR ITE IR 22— UTEER, B it AR i 5 S A B CH BB A2 I 8 5K T 1000K0,
AR — ) R T TR AT, CAREMEEIES A S EERRE . 0s FHERARNY, HEE
() A RE A PR T 3B R AR 45 & BB AE SRR R A A il A i A &0, F R H%
IR IZERNBN I RIER, AR X I TREA N 7 St AR WA e S AR AR BT, - T 24 4 ARy
RSN /b2 I e Y



T E AR 2 2024 B3 — Jm SRR R & Cl4. ZifprpH-81 11

BEHT-19
BT R T F RN T IR RAEKEE
g, FgE ', xg?
1. PA/RIEHE T2
2. FEdb Tk KA

Bt AR R E A G S R R WL R 2 —, FEREE B 5 A st BURAE KD
HE B REEAM O PGS NERIREN I I RAR, T DU 1 s ik AR TR T A 2 - SR T
R Z Y BILA,  OR S BUSRL TRNAS EEANSMERE I TR BRI, KRR AE KRR LA 2
TRIER A, PRI AR ART S TS A A P T R i, S A P S A B it AR AR L g B R R S
SRR N B ASCE @A 1 AR I L2 SRR . B BUA 1 — 0 & < S AR s iR T3
WR T B RRER /), IRV 7 O TR & < S I L B AR SMERE T, B0 58 4 AMERICR AL ZE 1Y
Ni-B 1 Co-Cu & #EAT 1 #7 AMERIIRR . 45 RR], MRS 78Uy HiME e 1 S AMERE 1. IR,
N PR R T A HER TR, SR T PR TR R A KB R AL A S ST, SRR T T
GD KBS A KA L& 22 ST, X R B RE T AT 9T, T GD B B 50 904G miitl &
T ZE B, Bl S ERR ERPE T M. 28 Tz, ASCIRH 12 T80 ) S AR LA 22 ST B0
AR, AR TR T GD RS S m SR AR, BRE TR R IR RE T, SR T BN )
EAARMERIA R . ZPREW], SIN T IEI )2 NE LA 27 2 B A KA B S 47 i d L e
FERRIT T WAL T B AR KW B TR OB 85 2 ST BT RO B RE 0 ) o PP RETR ) 58 4 A1HEATETS 7 A1 5 Al
HMERE IHEAT TRV . SERERW], EOR MR T e A AMERORIRMR TR %, X T Co-Cu &4, LI
=M RMSE 730 T T 66.2%. 76.1%F1 66.4%: L& A G & HISMERE ), H2T-Hyah A0
HIFLES 2 2] B HAL S A AR b A SRS OB 2 ST R FE B 17 5 v A At 2

B EHT-20
Thermodynamically Informed Graph for Interpretable and Extensible Machine Learning: Martensite
Start Temperature Prediction
Chenchong Wang*
Northeastern University, China

A common challenge in accelerated material design is to apply machine learning (ML) methods that can
handle data with different structures and dimensions, and also provide physical interpretability. Unfortunately,
most existing ML methods are ‘black box’ models incapable of providing physical interpretation or dealing with
missing dimensions data that are often encountered in materials science. To overcome this challenge, we propose
an interpretable and extensible machine learning framework based on thermodynamically informed graphs and
deep data mining from graph neural networks. We demonstrate our framework on the problem of predicting the
martensite start (Ms) temperature, which depends on various factors (composition, austenite grain size, and
outfield conditions). We construct a thermodynamically informed graph that captures the quantitative relationships
between these factors and the Ms temperature using limited and incomplete data. The prediction results indicate
that our framework provides clear physical insights because the thermodynamic mechanisms are embedded in the
thermodynamic representation graph. Our framework has several advantages: 1) it incorporates thermodynamic
mechanisms into the graph structure, 2) it can handle missing dimensions data by filling in the gaps with graph
information, and 3) it can be easily extended to new features without requiring much additional data for training.
Moreover, we derive a general empirical equation for the Ms temperature prediction from the trained graph neural

networks for practical applications.



T E AR 2 2024 B3 — Jm SRR R & Cl4. ZifprpH-81 11

G521
Z G EHERIEE R
BbRE, B, EME XER |, X, AR
1 LR TR A RRL o 5 TR AR
2. R R R < I K T S

RV SRR XTI & et Re . eEE S T, PO & SR AR EEE L. AREA
FEIL T 30 MUTRMZ UG e B, W TR ER R G e E A ST R AT
o ZIAIZEAR B BB NI T 330 2D TI0RM 60 2A=J0RK, BERL 300 FAR
AR AR R <2 SR A 51 o P P AZ A0 2 s e, T T SR AN 81 5 2% i A 5 < R 8 R R 20 AR 45
K Scheil BERTRM 16 e AR e 1A% (A AL P 81 LU AR AL N 70 8. G5 S R NLII B 0 2 5 e s
A TARGENL I H ) 2A H8 2 T T RO & S AR I RO R B OUL G5 T8« ALADL28 SRAS B B S IR R B8 IE
UEREESL A 2 s P A e . RIS, ARV 2 0 & SRR R BERIERE R I
JREEAT TWETE, SENL T ARRLARIIVE R s O O ES H I8 A 1A R AR SR OB AR -

G522
AR I T 5 B S AR AR RS

P
REHA*

PEAL Tk K2

[ A5 AR AR T WP B R/ [H AR B A% CROPAARD BRIE, 17 T 2 2 R SHL S st P A A 0 o] AT A
ARSNGB o AR O [ AR AR Hh S HOR S ) A i e, R
BRZhF1\ NAZRE ST RN AR, AR R A0 ) A IR RN (I FIE RS A, 9817 AR e AR L AT ot
P73 BT ST RS B T 2RI RRUSE, - AR ST T 4 82 A g R ARAE [ A1 5 i £ = BIX sl g FD ] P i e ¢
MIEMEh /15 RE2

e T-23
NigCo19Cri2Fe sAl W, 2 Bl & S AR FE 45 5 IO B A I R 722 380
R, g, EHRE
PEAE Tl K2

AHIE PP 25 o 3L B R 6 8 0 S M RE (A R . I IR AH PR 4 S A B, [R) S R REAE AN PR A5
m AR PR AR, 78 0 B s A& e N ARG B T SR, AR DA S0 O 3L i S i 4 Rk A
P ARG . FEARBEFEH, AT NiggCoyoCrinFesAl Wy ASEERATEE, BFFT 118 i BEFTHL ]
R[] 0) 3 o = 45 e A P 4 S S o FRATTR A8 T AN [ AL A R BORB KRR N B AH PR 45 R RE . FE 1
B 7 X e A 4 1SR ML AT AT o . Fo i IR 30%A LA fE 7E 1000°CIR /K 20 745, & 4and
25 IR i A R e i B AT AEE J 7 2 i) 32 v 3] 842426 MPa, 1387411 MPa 1 27+1%, 7E A4 i JIR A4 [
LR (I LT A RS R T 50% LA o g5 A AT RS SRR ORI B T A SRRk L], RIS
MIsRFER B THTH, 08, PR ASRAL, 1 RIFEM & TREEMALNTTH, FEAGY . Xk
AN T IEAR L g S R AL BN SR EIRE, TEERELRREE S, E2 LM
G a M 1R .



T E AR 2 2024 B3 — Jm SRR R & Cl4. ZifprpH-81 11

G524
E T R-Bh AR BT ARM AT A R ik e r AL — S o SR A AL 711
TR AR, i
B[ N

B bR A B CO, IR JE R B(ECRM CO, HAL Jym ek &4 — TR A B R .
AMATA ECR HMEA TR AT Aty H B A R SUATI B T2 ge 5, T RZ BRI 2 1)
KE . SRME R P AL, RIZUI S84 IRBLE H AT ATAE ECR ARG B9 B KPR BRItk anfar e
SRR TG ANV T 1 R H AR AR P A AR R P Il o AR S 5 P e 2 ST AR RO ZE SRR A 1 e 2 T 1)
KA, W ARSI DTS B AR A BT R o

Jiik: ARICH Marcus RS I-B) )5 M GHR 45 &, FIFH DFT 1FEAE N 544808145 4= L il 1)
AN 1R, IS T “RO5-3 1N B Atee)” thze, peahim 1 s tE N-C B4:tk.
WA = RENG . SR R = H W E], A& — REIAF N-C B2 LA TTAE N B2
AR T, T ARTE IR S AL ECR 35 P X R gy 28 () A 1 3R 47 B0 AE

S50 MR I 5230 015N B4 A H ) #h 28, 3k H itk ie N & 208 2 At% Ik 7 2 B £ ECR
TR AE = SRR N TR SR GEALTD BB R, ikt 7 BAARE N B E(ILE-N 1.87 At%,
M -N 1.52 At%) i ELR T AL(471.2 m” @ YRR & R AL I AR IE =4k N 45440 S AL BRAEAL 75 (PB-NC) .
ZHETITE-0.71 V(vs. RHE) PR AL T EA 86.78%1) ECR iGN Z /D 10 IGH I HAFR & PE o e A1 B ]
AL ECR JEME SRR UL R 47, U 7B REE . X3 1 -3 71 A S HE B 7E T R
MERIRIIR RSk st R B AL A R BT B A T BT ) i .

G525
JRABL FLF A A AE S5 AR R AL LB HR s B S
K
AEERUE TR K

] 2% S W AOHT R P RE S R AT R 4TRSS 78 A s I, 17 WA R R AR T I R Hh R S5 4 78
AR ML RESS AR BT I8 o R FE S Al T LS B AT T AN gl RUBE B 2 I RUBEBh A
FHRFSS KA OB, 8 BT AORI S T A AR 1 BB B L . ity N EE i R ek SR A7
T B R R AR T R AR, B ESER T KRR SN E SR EIAILEE LA
L B AR TS, 4GSR AR5 e PR RE AR G5 M et DT fe fit— S 4 .

G526
RN P AR SR AR B AR BB K ) 2B 5T
Ak,
P 7 RHEOR

R B N TR HUE Sl A [ T R A, AT R RGN R PR BRI . AR SR
BRARAE AR T AR PR A ) IR AR, (b SE AN RA RLA I TREAL A 22 RE . ST, SEdbAN Bk RL
I B AR ok RO D, SRAE AN R AR SRR 0 22 AT N B A B A P o B 0 K e TR B T Ry
RAEFA PR BLIRAR) S35 AT o B0 JJ-0088 i 2RI ZAGE A ) BAR T B, ARSI DR TR AR B IR AE A
[FIENERAARL b BT S B SR 0 2 oK 22470, B IRIR T TR AE R S IR 5 eIk G B (pop-in)
AR AR BEhh, AR B2 ROk BRI RINUMAR E E . ASERE L S ) SR ) R AR AR S5 AH G
W%



T E AR 2 2024 B3 — Jm SRR R & Cl4. ZifprpH-81 11
w527

PR R~ S G510 B R I AR T 2R AR A L3R
gekam, B
1. o isia kel szt =
2. HHERE

AT i/ N B AR RS, @ AR R MR AT AT S AWETCR A BA LS
Trgiy (FCC) HIZRAEVE RN (TWIP) AAEBARLR R, Sl /N ) 2l 56 S S B R AR TERROK
T FCC B AR TR AR AL . BETEREL: (1) AR MBS &5 SR HIA # VI ¢, HAR R IR
I DN A A I R S s (2) TR 2R TR Gl L M Se M AN A R B ERE R AR A S JRAEIESE {111}
T LR SR T 1 T FEAE S A AR 1S 37 1 — AN AT AT ROR RE FCC i AR T 2R A% 5 KK
PR, ALIDLZE R R Z A A RO AR SRR B 2R SR R R AT BRAT

G528
KL & NiCoCrFe )& &2 BTN K EE T
EIERH*, PR
Kz K

A e (HEAD PRIHMRF I 25 MR AE AN 57 (K /1 2 VR RE T 32 22 0%« NiCoCrFe JE i & &7
TG REAEAE I 2 EASTEALH], AEA RIS TN AT Tk i & A 7 B — IR ABE T . ARt
FRM T80 157715, SAFE GRS T 99K & NiCoCrFe @il & & HIBH R TL AT 1 HIHER,
S5 SRR REAS dobL R IR, 7 3P 934 Y /) A Hall-Petch (HP )54k 5% 332 i % 22 4 Inverse Hall-Petch

(IHP) KR BRI, TEPK A NiCoCrFe &k & 41 HP BALF1 THP AGHLEIH, 547 7E
Z HAEHLH] . HP SR T A7 1E Shockley &7 ML HE A2 4, IEAFAE KB A BEEHERZ A AN HCP 5 [RAK
FHAZ; THP BALHLEIER 7 S FERS, A e KR N SR AN DR HCP & IRIARAZ . BT L
FUash A e, ERL T A AN A NAR P A TR B E T, 1245 R HARYE 2 os 4t 44 1 KL
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Ni. Mo %G 4705 1] LLRE R TAT >, SRRk AT 0 BT AL 2R 5 ARG Aky Bt 20 J. B ML BA HE e,
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FRPE. BT M. IR NI o R, 481 TAEH, BATHE MSCE &y R EEENTE. £2£
MV f A AT B CBE I 2 JUAR R, 24T 5 0] ks S5 4 (1) B 2 TS B i 25— JEEE T B (B 1 MeV/atom)
Ak, FATH CE #1 MSCE HiEM B Z AN EEE SRR, 4 Mg-Sn, Mg-Zn, Mg-Zn-Ca 55, F#fiffie 1
TEAZ R GP XA AT AR SR T 4580 o 1% TAEAUE D 1 I R0 T8 30537 AR B - 504 (1 4 30 e) @, i
A3 3] 1) J57 -85 ) At R A B R RO (T -5 i ELAE FH B8 2H S A A0 1 it

B EHT-39
Uncovering the origin and characteristics of Portevin-Le Chatelier bands in medium Mn steels
Li Liu*, Yao Lu
Harbin Institute of Technology (Shenzhen)

Portevin-Le Chatelier (PLC) effect often occurs in many alloy systems and leads to flow stress variation, but
detailed mechanisms are not fully clear yet, especially medium Mn steel. The objective of the present work is to
thoroughly clarify the complex spatiotemporal property of PLC band causing serrations in discontinuous flow of
medium Mn steel in connection with its origin mechanism. For the purpose, a typical annealed medium Mn steel
with duplex phase was tensile tested at room temperature at an initial strain rate of 10”/s, during which the digital
image correlation (DIC) technique was applied for analyzing local strain and strain-rate distributions. The PLC
band exhibits the transformation from high frequency serrations to large serration magnitudes. In addition, the
solute carbon atoms surrounding dislocation was atomic-scale characterized by the correlative transmission
electron microscopy (TEM)-atom probe tomography (APT) experiments. The abundant carbon atoms of austenite
phase are clearly segregated linearly along free-dislocation core and the average carbon concentration around the
dislocation is around 3.5 at. %. The physical model for the origin mechanism of serration is proposed and verified
with theoretical calculation for the present steel. The proposed mechanism involves the rapid diffusion of
interstitial carbon atoms and the movement rate of mobile dislocations. The results reveal that the diffusion time
of carbon atoms into the dislocation and the movement time of dislocation within two orders of magnitude are
considered as critical condition of PLC effect rather than some absolute value. The dislocation-core diffusion

mechanism might also be applied to similar advanced high strength steels.
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TR BEER BB VAR % R TR 0-ALO; PUKALT R EAEGK KB P I A
Lu Li', Hongbing Yang?, Ji Ma’, Jiangong Li*’
1. Gansu Agricultural University
2. Tsinghua University
3. Lanzhou University

The applications of high-specific surface-area (>100 m?/g) a-AlL,O; nanoparticles in fields such as
nanocrystalline ceramics and chemical mechanical polishing are of crucial scientific significance. However, the
bulk stable phase a-Al,O; has a high surface free energy and becomes a thermodynamically unstable phase at the
nanoparticle scale (specific surface area >100 mz/g, spherical particle diameter <15 nm). In conventional
syntheses of a-Al,O; nanoparticles, particle coarsening is inevitable in the process of phase transitions from
precursor nanoparticles into a-Al,Os; therefore, synthesized a-Al,O; nanoparticles are usually with a specific
surface area <10 m*/g. In our present work, a high-energy ball-milling method can be adopted to achieve a-Al,O;
nanoparticles with an average size of 7.9 nm (specific surface area of 170 m”/g) and 4.8 nm (specific surface area
of 253 mz/g). The data and the applications of these high-specific surface-area a-Al,O; nanoparticles in
nanocrystalline ceramics shall be discussed.
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Unveiling Mechanical Degradation in a 3D-Printed Chemical Complex Alloy after High-Temperature
Oxidation

Jiaqi Li, Zhao Shen, Xiaoqin Zeng*
Shanghai Jiao Tong University

Using selective laser melting (SLM) and hot isostatic pressing (HIP) techniques, the NisoCo,0CrioAlisTi,
complex concentrated alloy (CCA) was fabricated. Subsequent investigation into high-temperature oxidation
revealed a significant decrease in the ductility of the CCA. To address this issue, measures were taken to regulate
the alloy composition, aiming to prevent the formation of depleted zones during oxidation. This approach
successfully enhanced the mechanical performance of the CCA under high-temperature service conditions. After
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2000 hours of oxidation at 700°C, the CCA exhibited a dramatic 62.4% reduction in elongation. In contrast,
specimens subjected to 2000 hours of aging treatment at the same temperature showed no significant alteration in

elongation. Selective oxidation of CCA, particularly targeting the L1, phase, occurs at elevated temperatures,
leading to the depletion of L1, particles near the oxide layer and the formation of depleted zones. This
phenomenon substantially diminishes the anchoring effect of the HEAs/CCAs, facilitating the rapid propagation
of intergranular oxidation cracks. The absence of the L1, phase results in a significant decrease in the tensile
strength of the depleted zone, suggesting that oxidized CCA exhibits a propensity for abrupt loss of ductility under
relatively low strains, culminating in brittle fracture rather than undergoing significant plastic deformation.
Utilizing advanced techniques such as ECCI and HRDIC, we observed and analyzed the expansion and internal
tearing of oxidation cracks within the depleted zone with precision and clarity. Simulation outcomes highlight the
exacerbation of stress concentration at crack tips within the metal matrix in the presence of depleted zones,
significantly contributing to the propensity for brittle fracture in the material. To address these challenges, we
propose an optimized solution focused on the composition of the L1, phase to mitigate selective oxidation at high
temperatures. By preventing the formation of depleted zones, this strategy aims to preserve the ductility of CCA
under high-temperature conditions, thereby enhancing its mechanical integrity and longevity.
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