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C14-03
Free Energy Criterion for Thermal Stability of Schwarz Nanocrystals
FxIT
Hh R B ) S U

The discovery of Schwarz nanocrystals (SCs)—characterized by interpenetrating networks of minimal
surface grain boundaries (GBs) stabilized by coherent twin boundaries (CTBs)—has pushed the boundaries of
nanoscience and nanotechnology to length scales of only a few nanometers. However, the physical mechanisms
governing thermal stability remain unresolved. Here we establish a free energy criterion for thermal stability of
SC using large-scale thermodynamic integration, benchmarking SCs against other nanostructures like Voronoi and
Kelvin nanocrystals. Surprisingly, the free energy of minimal surface GBs in SCs is higher than that of
conventional GBs in Voronoi nanocrystal. Therefore, the competition between decreasing GB volume fraction and
increasing local GB energy imposes a fundamental size limit. Kinetic stabilization of SCs is accommodated by the
topological interlock between CTBs and GBs. The free energy-based criterion for stability of SCs provides a rule
for selecting Schwarz-like nano-structures stable at extreme conditions.
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C14-05
CALPHAD-Based High-Throughput Calculations for Phase Control and Alloy Design in Secondary
Al-Si-Mg-Fe-Mn Alloys
SONGMAQO liang, Chuan Zhang, Kamalnath Kadirvel, Fan Zhang
Computherm LLC

Impurity control and solidification behavior are critical to enhancing the recyclability and mechanical
performance of secondary aluminum alloys. In this study, a high-throughput computational framework based on
the CALPHAD-based Scheil solidification model was developed to investigate the effects of Si, Fe, Mg, and Mn
on phase formation and solidification characteristics in Al-Si-based alloys. A total of 14,641 compositions within
the quinary Al-Si-Mg-Fe-Mn system were systematically evaluated, with Si ranging from 7 to 12 wt% (step size:
0.5 wt%), and Fe, Mg, and Mn each ranging from 0 to 2 wt% (step size: 0.2 wt%). Calculations were performed
using Pandat software with PanAl2025 database and the PanPython SDK, completing in just 4.8 hours on a
standard 8-core desktop processor—demonstrating the efficiency of the high-throughput approach.

The simulations yielded a comprehensive mapping of solidification sequences, primary phase formation,
solidification ranges, and the evolution of critical intermetallic phases such as f-AlFeSi and a-AlisFeMnSi.
Additionally, key indicators—including the Growth Restriction Factor (GRF) and the Hot Cracking Susceptibility
Index (CSI)—were computed across the entire composition space. These results provide valuable insights for
data-driven alloy design aimed at suppressing detrimental Fe-rich intermetallics while promoting desirable phase
formation, ultimately supporting the development of high-performance, recyclable aluminum alloys.
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C14-10
Ultrahigh intermediate-temperature strength and good tensile plasticity in chemically complex
intermetallic alloys
Tao Yang
City University of Hong Kong

As a newly emerged class of materials, chemically complex intermetallic alloys (CCIMAS) with exceptional
thermal and mechanical properties are a promising candidate for high-temperature structural use. However,
serious intergranular embrittlement at intermediate temperatures (600~800 <C) is frequently found in those
CCIMAs, obstructing their large-scale engineering applications. In this study, through deliberately tailoring
thermomechanical processing, we designed a lamellar-structured (LS) L12-type Co-Ni-Al-Ti-Ta-Nb-B-based
CCIMA that effectively overcomes this critical issue. The LS-CCIMA exhibits an excellent yield strength (YS) of
~1.0 GPa with a large tensile elongation of ~17% at room temperature. More prominently, it also presents an
anomalous YS of ~1.2 GPa combined with an acceptable tensile elongation of ~10% at intermediate temperatures
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ranging from 600 to 800 <C, outperforming those of many other simple ordered intermetallics and conventional
superalloys. Such superb immediate-temperature strengths primarily originate from the high anti-phase boundary
energy caused by the addition of multiple alloying elements (Ti, Ta, and Nb) and the pile-ups of geometrically
necessary dislocations. Moreover, we attribute the acceptable tensile plasticity to the increased plastic deformation
capacities from the activation of various deformation-induced substructures (e.g., dislocation pairs at 600 < and
superlattice intrinsic stacking faults at 800 <C) and the inhibiting mechanisms of the lamellar structures on
oxygen-induced grain boundary damage and microcrack's propagation. This work provides a new pathway for the
innovative design of strong-yet-ductile heat-resistant CCIMAs.
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Automated analysis framework of strain partitioning and deformation mechanisms via multimodal fusion
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and computer vision
Dongdi Yin, Ran Ni
Southwest Jiaotong University

Simultaneously investigating strain partitioning and the underlying deformation mechanisms for both the
grain interior and the grain boundary (GB) is essential for understanding the complex plastic deformation of
hexagonal close-packed metals. To this end, an automated analysis framework based on high-resolution digital
image correlation (HRDIC) and electron backscatter diffraction (EBSD) data fusion and computer vision,
integrating nanoscale resolution and a large field of view, is proposed. This framework consists of: (1)
HRDIC-EBSD data fusion; (2) Segmenting the strain field into individual grains each with a core and a mantle; (3)
Data clustering of the Matrix and slip bands (SBs) for each grain; (4) Full slip system (SS) identification and SS
assignment to the SBs. The capabilities of this framework were demonstrated on Mg-10Y during compression.
The strain field data, which was segmented into different clusters, including grain mantle, grain core, Matrix, and
SBs, was analyzed statistically and quantitatively. The pixel-based slip activity, which considers the SB
morphology, was obtained from a statistical perspective. Inter-granular accommodating mechanisms, including
GB strain, slip transfer, and GB sliding, were quantitatively analyzed. Overall, this analysis framework, which can
be applied to other materials, can automatically and statistically evaluate both nanoscale strain fields and
underlying intra- and inter-granular deformation mechanisms grain-by-grain. This work provides valuable
experimental insights into plastic deformation and accommodation mechanisms for polycrystals.

C14-20
BEFER S SHRA R RELRHZIET
Wl HEEEEE . FHG TR XM
PEAL Tl K2

AL SR A S A LSRR R R R . PUE YRR BT v, FERTS RN REIE BN ) A5 O B AT
PR BT, IR UG R MEREEAL U, RIS tERE . R R ARV EENE L. &
WEFC AR AR AR L [ A AR BEAR Dy kA, SRR AU, A0 el & e A 26 B AR A 2L A AL
ROk AL AR IB BRI AESE R, T T ARGUIERIBIURT FT . 0L 7 & CALPHAD (15 7 it (& A 7 A5 7
ANEVAARIZAE AL, S Y vEl B e ok ] A B VA R A A IR SR AL, B8 7 A S UR S A AR A A
Foua o A AARRE, BFFL T 0 3R & A ] L 2O Os 4 S Ak e T 3R 20 AT B RE I FUE 5 A FERLEE,
PRIT T[] 2500 Jm SR [ v A PR R SRR A . P TR S RO E A TR AR IR, 55 T SRR 2L
AESE I HOTRE v AR IE R TT 3 AR, RGEWE T 1 AW . SRk RE A4 A5d R S B K]
FOO Y REAL SO S A LB . DIl A & 25 AR AR RO B 1 S AR BV I B, 0L I
M TARIE G G A UL M RERRAL IR A A IR, BTN Ay SRR RNIAR . 505 5 DR 2 e BT I 1 vt
PAUEAHLEE, BT 1 v AR B BHIECRE . dRAR N ) S X AV BE AR LA, OV B = IR & Rt
RARBERRUFI B IR AK Y -

C14-21
ICME 12 R et &R R B3 &
R ERHE2. Akt SRt
1. RS MRR S TR b
2. RSB EMBIRLE S TR

bEE SRR TRE (ICMED B RE, 2RI S5 A 2 B T P REA R BETHIE A
AT PRI FERK R & SR R T ZESH, RABARR) m R 25 18], SR T A% el e il

7



H E M KK £ 2025 Cl4. ZEHIM B3 12

A 18] LR TR M N T R E e —, B ST AR ERN LSS, 82T
ZARRPRHR AR A I AR AN A U AR AN S P RE o 1A B PR R T S PR B e 1 AR AR AT AL T
MIRERE . SRTMT, AHOREUE B LA BRI R AT 583 . AN, B HASM R R Z R RELEREM
B B0 2 F R H ) S BE RO OSSR AL AR B, AROROZ ICME HEZE R A RL B M 0 1 ZE R . AR A
AR TR ENREZE R, XSGt R B & R AR AT Bt AT 04T, S5 A WEARSED], IR T
MORHHZAG R SIEREC IR 2R, RN T SRR 52 PERE I IR ) 22 N3l V) SR AL B

C14-22
45 SR 2rB2-MoSi2 BRI & RFUERE AHAHLER 5
-
EEPS
C14-23

ETFE—MEETER H6CS L TR YE T BT AR
TRERE. FiE
KERE T K2

AW TR A — M R BT S59%, WET T AR FOE TilZriTa & &4k i) Hf6CS BRALYI - I BT . 1
AT PR EER T, APEEET HETI BB (HFATI2C5. Hf4Zr1TilC5. Hf3Zr2TilC5) AT Hf-Ta i
ALY (Hf4Ta2C5. Hf4Zr1TalC5. Hf3Zr2TalC5), LIAFFCEJET1E C MIAHARH AN 2L 2 B Iy 8T A .
F Ti BRI HE AT BRI B A M HF6CS ) Ea = 6.889 eV [% 42 Hf4Ti2C5 (1) Ea = 6.828 eV,
KRBT Hf 5 C 8O MM A AR R b, SFEGUEYERE TR T Zr 48 Ti n7 1958 70 2 8] 1) e
¥R, MIMEEE HFAZriTilCs FHEY UGG RE (Ea=7.110 V), PLEALIEREE R ME. M2 T,
7£ Hf3Zr2TilC5 it — B3N Zr & B ICEY BURBTERe, X2l T Zr/Hf 5 C/O ZIa &8s .
P Hf-Ta PR, A3 BOS0E e AR S5 HET HE-Ti IUBAIAIAL, (B Hf-Ta R3] EALT)
Ea{H (6.231~7.087 eV) KW HPUAALIEREAXS 55T HE-Ti &5,

C14-24
TBERR N X

e
ALE AR K

VF 2 d R RHE R S BT 1 AR ol DU AR @ R BIAR AR AR AR, i TR AR T AR, Hil
HAERERRRSCE, BIR —FhE AR (— AR . JIEEE a0 I AR s A BE B 1 7= A RO AR 2R
FEUR AR AL, H AT, BERE ARSI BRI AL TR T AR S AR DU
A AT RHET . eAh, BT AR R AR EM, BRI, AT D@ RN I TR SEEL K
MR EE %, IR B AR . AR A & 2 AR, B EER AR PLE]5 aT 5 45 T
3

C14-25
FE-FERER TR ERI SR
LIESS(
FA LA RSB =

TIEAR AR SARIE TJ 2 ATUAE T E AR AR AL, X — R Bl 1A, AR ARA
W NREE, (BN AR R A BRI RCE SREEE AR, dfil e A AR 1) 2 ALK e 8%

8



H E M KK £ 2025 Cl4. ZEHIM B3 12

KN R, AW R AEh R AR R . TEARVIRE T, BRI 5 Fsh 7122 ik, RS
WAL T IS S hZAEmrm A E, @it KRG RSN R R Z AR REOCR, SR H eSS AL R4
2R AeEZE, KE B HEE ARSI RCE KT R INRE R . X —BF A NS0 e E R IR At 1
Hies%,

C14-26
0 5RFE & RATRL R O R AT N 5t 01 5 R v
JEEGE L. DRK L kP2 i
1. PEAE Tk K2
2. HERL 4B T AT

B 11 5 P T A R AR B RE o kB SRR ) B LR RE SR AR . VB TR LR IR S O 24, H
7 AT AR B 22 S A ek 11 95 B2 (A RO . AR R T = s L m AR (R4 <5 Jm 3
AERE R B e S RN SR OB S WERAT N, ot TR DRI R ARG DL, SRR TR
SRIEIAE, AL T I e o e AR 1 1 5 B DU

C14-27
FE S B SRR RS 53

ke

[P

FEdEEATRIPEWRE, £ ERE T2 REZUBREA NS e, Nk AERSI
fE, X AHIPR T AR & & S ARG A (] A& N R miR R IE R & & (I, Os 38D YToikiX
—MERRUHOR TRES, AR, AR & MRS S B SRR A2 BR . AR T 2T AT A JeE 1) AH A
R R AR G e, IR SR M Y ARSI SO, B AT GURARAE TS 2 TEh
FRAMSETB R s AR AR dh & e G AR i R BIRIT 2E BN J1 AR I, b I — Rk Y
i AR B AL TR IR, IR AN BRI R R R R 1AL S AR S T R AN 5. AE LA L
RGURVE T AR T mim ISR AR i & S AT, RIS R o 450 B Rl
CAR IR ML S, faom iR ft & e PUE I ILE, D9 & iR AR & e RSP R s (1 se i g 3 A B K
.

C14-28
[E/1¥%% FCC SR aSMZ R EHE
SR R BT A Eia
L. o R B i RE A BT LT
2. JEEiRHIR:
3. dbmm ER R T

[, AR BRI AR S —, YRS MR e Ve 38 B . JEU e R R R AT X
SYEREOR, RBTFUMBHE T TS AR E R R T B s, IBIIR G 2 Eoui R KA S 1
o vt B, AT DASRAG AR RS A . BT R S e E IS NI 2 IR AL, AT LY Rt & e
ZIGVERASNRL, &R DUINERNS i & AR S A RE PR B AR . AR R ISR s B 4R, 254
JEAL [F PR AR, AR FCC difmii & (A= 084, Wnaeb A hinas) @k N
giRREE . WS BN R 15 S AOAS I IO AL R AR AR T Co N2 T BN TTARARAT LA K 40GPa [ 77t
WEAZILR, FFMrietEaity, IR ReFZ IRE AR, O il iR DU S &2 REXT AR AR 15 .
I, it NIEHs A 4R PTE 58 DA s BE R D SR S eI v s 2ty (4B 7+ TR DA R B 28N s J5 S 4

9



H E M KK £ 2025 Cl4. ZEHIM B3 12

B IIEMRIEAAED) it e, AR IRAL R BRI BT etlom 26 AF (70 T NI
I EE S RIS

C14-29
T M7 W A A< R TR LB 5T
Wi Ik
AL Tk R

ri A T AR . R 2 AT R RO ARG, RIS Ak RE . Rl
FHTI Lo A2 7 4544 CrFeCoNi 2 e 5 < A2 Sl MG T~ 23R B H ATy B4R IE B e U ITho s B . A i
VERITRBIEA S, O R N TR AT AR BARR DR THCoSZ 5 i & e LR i 0 2P e 5 R i 2
PARTENLEIG 5% FATRGH T 1 1L TT il & BRI T AR TEN L], B Rl 73R SERIPK R
FEAR AR Bh A AT B DA, Jf4ioR 7 AL . Sl B0 2 A AR, SN AR R
Ao, il T AR EXR R i & <, ST SR

C14-30
TRIP BRE R & SN BMBT AL I #ERIRR
RN TR A AL MR FHE. BOREE. R 2RI
PN

BRI A e ARAT REF I F7A R, A G eI, 2Rl TRE S ¥ 1 KB L 4544
MR R, RGN T gm - VEAIVE R BI A58 R SIAFARTE RN (TRIP) RN —Ff
A R N ARG BE I FIBTRL IR EE (NS, TR TRIP RN NG 456 1= ERE I s . AR ST
FeCrNiAl JE =i & &AW T 5, Joilid e ik, KA & Tiv Mo Jea MU it — 2D [
WORALIRCR, I RERENSIESEAN AR, 3 & &M RsR R m I BEA. HE, MBS Ni TRl
2 RE, Ni BRRENE FUE RS I A0 )7 (BCC) FARFID B0 (FCC) MBS XIARLAIL, 2
PR 73 A5 1E fis AL ) FCC 452 & & HAT REFROIN LI i UM EE T2, TR 1 A s 4 20 5
HEEGURA, VA TRIP OB LASKBL s B = . )i, b P58 Wi AT 0y, i 2 P2
AEI{E FCC/BCC MARLLMKY, ] LA AR AR AR i & i AEALRE /7, HEREBIEAS XORST, Ml 2
oy M IR B . £E EPE, ASCERM UL TRIP BREEmi & S . AR IE, IR
Guop i 7 AR, DU EREE e & i sm A B E AN Dol i A 4 S BEAR ACH

C14-31
ETFZRERBUEF R HRENHOLTZETEE
(NN V3| P N ¥
FRALKRA

B NRIRRERE SARFIE A TR H i, B FHUEAUR . PRI . AR5 AR IR ik 5%
TR AU ) 4 S 5 R AR B SR HPE A S IR BRI (<70 KO [ SE s rb R BoA m e S R AF I
LTS RIE M & @A R TH0ALTT (FCC) S5 i & SRR IR N R I ORI 77 2A TR RE
L 5 R SR 1 U AN s R W 2L 0 o SR, FCC ZE M IR ARAE iy VAR 1k S 5 A PR LA A1 P i R e
AT B 1) FEAE S B TR R A A S

HAT, LSRR R SN SRS VAR FCC miid bR - B MR B R, RIS ARG 4
TEHG LA (7™ S5 oA . S5 Tk, AL A1 Fe50Mn30C010Cr10 (at.%) VFs i & 4 A A
MkL GBI RIBRE T N T BOAE A & 0206 T E MR W RS AT 3 B 3 1, [ B o e o 45
AR B VA LR IR 7 P45 B KA 5 B I T s AHLBR AL B, MiE T — M R 2 RER R4 MM

10



H E M KK £ 2025 Cl4. ZEHIM B3 12

Fe49Mn30C010Cr1ON1 (at%) milfiE4a « ZERRM, ZPPRME AR SRR T 28 00 H 8 s i e o
FER RAFIIBIMEDCES, HEAETE 77 K R HAHAR T (1 i AR G0 FE A3 S A A0 L 298 K R 3k43 T [H25
FIHETE, 2051 1170 MPa i1 8.2%#2 714 1836 MPa Al 11.6%. #FFTR M, =I5 N mE R E R 518235
TRiE 2 REE i, BREaAE SRR IR A LA B LCO FHIEMBR & 2H 2R
(LCO 5% AR M 458 A A AL HE W4 K RO R FE A 7 (SROD Al 1~5 4K R (126 15 (MRO)
TR R A o GRS TR IR TR R A T U R T 7 e AR B B B 2 A IR 28 A A S (R A
A5 DA AR IR 51 D A R T FO T o IR IR IR S p 0 TR RE /7 FOHRTH VAR T2 A R A8 BB 1 AR FE R
Bk 7w R R MMURER AR RO 45T T B AMEBE T LCO MR 2% (1 Bh A5 A6 LA 5oy 44 5 | S IR
TWAT N [EIRE, ZA R T A = B A 4t S I8 SR T SO T R Je it (R A (KR 45
PR R REHT 17 o

g5 b, AR Fe49Mn30C010Cr10NL ki 42 5 A B AR BE, AMUMAE R 2k = ik &0, B
B RO H — R R RIR G A k. MOCRIAMUAE R T LCO S5 7RI B PR AR It 78w (1 v Ak 22
FOOI T EEAT A I REIA, IR R R 25 5 5 R AR P 85 v 350 B 7 v et AR B D R G MR VT RC 1Y FCC &)@
SERMPREHR AR B .

C14-32
BRER IR IR R HITTAR R & R AT AT T
BRI
2N TR

BRILAR S DR HRs A JR T HRB S5 K (AR PP AERE A PSR ), A LA A RN 55 R &
KL BA ORI AT GREE . SR I P REAT S R, A A O TARRE AR, S SRR AR
5. SR, BB A AR S DR TR ACIR . AR AT BRACARF N R Bt XELL
SEBURRST il 4%o T0H., BABRIEAR 8 & SR IR T RS R sy U1 AN ST 8T YIS AT O, AR =R
R, PR 7 I SERR ML N o S R A IR B BRI AR o R DL R 1T IR A
Fotr e Jm A AP RER T, AR T oo SR AR S S e i R, 1 TSI AR 4, PRIk
AEAAERTAA A S R L T S U R B R (S AT St (B2, AR T AR S K SR B AR R, BRI AR
AR JE I EARAE BINA TR A e s P PR AN T ok, X R ol T ISR BOR T SN BRI CInfLER
Rar, FAb. WA BOKHISS TR AR IRZ M B . TR RS BEXT AR R, ACH T i T
ZSH% T BAARBE (BHEAARLEE, AREAEE KNSEIERIRE, @il RGHE SR
AR AR RITIRRAT A, G a0 T A FBER T 2S8Rk Z R A FESQIBR I, 38 1T 1 AR BE R IR 2
SRR RRAL i 2 2 ST ARNE IR Bk L AR A IR 2 AN -S54 - RE A M

C14-33
BN A AR < A TR ek et
BRI RIS X
PEAE Tl R e AEAL X

BT R AL RN, K2 BRI 7 V278 A e 18] AR X 4 T 78 o5 i & ) R Bt s 18] 7
AT, AT RN EIAES S A4 (RHEAS) [ITHEREE I mIF R AR, M T #4H RHEAs 11
RETRINE . T IR GE: Tiv V. Cry Zro Nb. Mo, Hf. Ta f1W, 4R T —/AME 4 182,826 AN Hi sy
IR A2 RS T HETER BCC BAHREVA ARy, FETN T ARG . IR MR,
WP W AR A SR . FET U, AT T TLC A RHEAS (1 BEM I DA K 54648 & 4 ET ELLY Ashby
B, 7#rR, RHEAs TR H TR TS A4, FalREmiRAt T, BRI T BEMRHE . A RiLHE
LT —Fh RHEAs PERETRIN T B, R T IR BA TR AR EA BT RHEA M E K] .

11



H E M KK £ 2025 Cl4. ZEHIM B3 12

Cl14-34
i BEMSHRITHAHRBERN: 2FuaehFERRAFRE
RYWYLL BEIRE L Rt ok 20 Rk ®. Jirgen Eckert!
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4. Austrian Academy of Sciences
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C14-37
Dislocation engineering in Mg alloys by rotary swaging and flash annealing
Leyun Wang
Shanghai Jiao Tong University

Magnesium typically exhibits low strength and ductility, challenging its widespread applications. These
limitations are primarily due to the low activation stresses for <a> dislocations, leading to early yielding, and an
insufficient number of <c+a> dislocations to accommodate plastic strain. Traditional approaches, such as severe
plastic strain processing can enhance strength by introducing defects but compromises ductility, while common
heat treatments reduce defects but often degrade strength. Alloying with rare-earth elements can improve both
strength and ductility but is of high cost. Here, we developed a rare-earth free Mg-Al-Ca alloy, processed through
rotary swaging followed by flash annealing. The resulting alloy exhibits superior strength and ductility, surpassing
nearly all reported rare-earth free magnesium wrought alloys. Nanosized Al-Ca precipitates and clusters, formed
largely during rotary swaging and flash annealing, significantly strengthen the alloy by pinning <a> dislocations.
Deformation twinning is suppressed, necessitating the formation of more <c+a> dislocations to accommodate the
severe plastic strain induced by rotary swaging. These <c+a> dislocations are retained during flash annealing due
to the high climb energy barrier and pinning by those nanosized Al-Ca precipitates and clusters. This retention of
<c+a> dislocations contributes to high ductility and provides forest hardening against <a> dislocations, further
increasing strength. This study offers a new strategy for designing high-performance magnesium alloys without
rare-earth elements.

C14-38
Study on the microstructure and strengthening mechanism of high-strength and low-density Al-Cu-L.i alloy
Yuxing Tian' , Hailong Cao', Haitao Lin? Linzhi Tang?, Yungiang Fan®
Shanghai Jiao Tong University

Magnesium typically exhibits low strength and ductility, challenging its widespread applications. These
limitations are primarily due to the low activation stresses for <a> dislocations, leading to early yielding, and an
insufficient number of <c+a> dislocations to accommodate plastic strain. Traditional approaches, such as severe
plastic strain processing can enhance strength by introducing defects but compromises ductility, while common
heat treatments reduce defects but often degrade strength. Alloying with rare-earth elements can improve both
strength and ductility but is of high cost. Here, we developed a rare-earth free Mg-Al-Ca alloy, processed through
rotary swaging followed by flash annealing. The resulting alloy exhibits superior strength and ductility, surpassing
nearly all reported rare-earth free magnesium wrought alloys. Nanosized Al-Ca precipitates and clusters, formed
largely during rotary swaging and flash annealing, significantly strengthen the alloy by pinning <a> dislocations.
Deformation twinning is suppressed, necessitating the formation of more <c+a> dislocations to accommodate the
severe plastic strain induced by rotary swaging. These <c+a> dislocations are retained during flash annealing due
to the high climb energy barrier and pinning by those nanosized Al-Ca precipitates and clusters. This retention of
<c+a> dislocations contributes to high ductility and provides forest hardening against <a> dislocations, further
increasing strength. This study offers a new strategy for designing high-performance magnesium alloys without
rare-earth elements.

C14-39
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Cl14-47
High-performance medium Mn steels with expanded processing windows enabled by rapid austenite
reversion
Chen Hu?, Binbin He?, Mingxin Huang®
1. The University of Hong Kong
2. Department of Mechanical and Energy Engineering, Southern University of Science and Technology

Medium Mn steels (MMnS) with high strength and large ductility are desirable for constructing structural
components, and multiple plasticity carriers are indispensable for high-performance MMnS. The key to invoking
collective deformation mechanisms is the proper tuning of austenite characteristics such as fraction and stability
through the intercritical annealing process. However, since other metallurgical features including recovery and
recrystallization are also impacted by intercritical annealing both kinetically and thermodynamically, MMnS are
sensitive to minor variations of annealing conditions and plagued by narrow thermo-mechanical processing
windows. To overcome this limitation, we propose a high-temperature pre-annealing (HA) strategy that enables
strong and ductile MMnS across broad ranges of annealing temperature and duration. The HA process facilitates
austenite reversion by enhancing nucleation sites and elemental pipe diffusion through dislocations, enabling
austenite fractions exceeding the values predicted by thermodynamic equilibrium. Consequently, superior and
stable mechanical properties with yield strength of ~1200 MPa and ductility up to 50% are achieved. Systematic
multi-scale characterizations reveal that this exceptional ductility stems from hierarchical austenite with graded
mechanical stability and synergistic activation of multiple plasticity mechanisms—martensitic transformation,
dislocation glide, deformation twinning, and stacking faults—to mitigate strain localization. In contrast, the same
MMnS without HA process exhibits inferior tensile properties with uniform elongation of <10% and a strong
dependence on annealing conditions. Our findings underscore the capability of the HA strategy to decouple
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mechanical performance from precise processing control, offering a scalable pathway for industrial-scale
production of high-performance MMnS strengthened through multiple plasticity mechanisms.
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TAERHBIRTHE, Frnl 2 ARIEPAEE B AR sm- 2 - E DU R OGN B, DU S (IR M 5 B0 e ME M =
WA . BRI ERIE SR S S ORI R K, SR AT SRR HOE R L12 9K RAH R FCC &
B HRAR G 4 (CCA) IR .y 17 S IR =y 5 FE R AP0, %A &R AR 7E FCC ARt 3T
R i T U RE A L2 G KT AR, — 5 T L12 AR AR Fehg DL 2 1 5 e RN 11, 55— T AE 2
% w3 AT A HAE A AL B R IO, SR 78 2 AN A DS s n TRk 1t B, AT SRR 351 5
JEAREE . REOE, ARGk L12 B AR R AR ZRAE AR TE R RN 2 3 38 T 1 & AR B T3 K, A8
AR 77K RIS FCC K345 4 BCC A, @it itk TRIP 283t — BT+ T A 4 i LAg{L R (WHR >
4GPa).

C14-50
RS AT+ EMET R AR R TR GE
EiF
RIEH TR

P AR AT L B P 5 A o i e 5 X B S AR AR A s PR REAN DD REVE SR 1) 17 S e SR, IXAE L
A LREGEM B0 TR, FEZTEG MM, ATECGR /S b s
Co i & e AR A iy Si-FIM ABEN AT RIS, 3 8 EWP R RBIR N X5, a5 G815 E
TR, B RIS E, JRET 7SIRERE, Sl T BRZ A S MHNA R SEREE. RIIEE
HAMS /A IERE R RIS, R DU AL (I ThRETERE, MIMRImIAEE N BT TR T AL RE 7. AT T e 2K
WA mvERE TARE & e fR Bt 7B A BL TSk -
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C14-51
JRAL R R A 1R 58 — AR I B R TR S W B AR
IR RO iR
By ek e EE I E, RIERY, L

ERIPELP I BEEEE AR AL, SO RSEREIE TR, A ORLIT 208 % A T S
HE AL IR SE, (EX 5 R TR T BT o AW FUE BRAL T s BN v B A 1
TiB AR AL SR GZ A0 T ZE LA O RIRII RO . BARTI S, SR I8 A5 B 7 RO B s TiB AL o il
WU A C R, 45 & BN 70 22 S A IR TV [ 70, $REC T TiBRBORE (1 45 i) 57 A ANALE
Ttk S5 UMERIER GPa ZMi RSB AE, WOKS TiBLABR £ I mik$t GPa HIZB RS, Jf
PERE R 2 AT (BAPERNAS ik 6.6%) . IS AR SR A 22 7 M Z1 P 2 AR A0 S, B0 E 1 I
SRR EENVE . AR T I AS FSR R AR, HoRE R DM EL N, R E 55
J7 1) DA TiBARIURE 3 bU AR S KR 52 g vy PN BCE, R TSR A ) TiBAORE £E 43z i A8 2 v
RETRUIT 2L o ph AR, S8 U B ) TiBAORE i ¢ 32 251 L N BRI/ R o 1245 R I 1 JC ke TiB.
RURLAE Dy =P e R 2 B A AP REEAR S s Al 10 ERTE 7T

C14-52
Zr TERH X GKAT H EIGIK & ODS 4
ekt vhRE 2L H
1. BHHERY
2. Ml K2

AT el 2 B 9K B SR ERE (ODS) A& RN, FEFEHEfLS ODS &4
HAAC I ARBRL (NPs) JEH 2 ARSI 70T 1, XA 2 DAL Rl S UMD e A o A% ey ) bz A=
KRB 1. AT, RARE T —F Zr fE a4 (0.5 wt%) IR SIGPRITEIT N, HE T 9k
abLf) ODS &4 SEGM M, JATEIL T Zr & SMAEDGE NPs 29 Aii J5 T AR ERT, B Zr JF
BOA B35 BT NPs [AIR AL, T2 AEN UG S RE A Rt i+ 7 IR O, AIMRIRTHER 1144
& Ti 1) ODS & & fEke s I SE P I . BRIk, Zr a SR T m % B Zr-Ti-O 24 NPs £
ST, IR RHR A IR TP R RN 5 K I BASAT L . A FURY, B RN Zr
SACHEBRAR T RS, M A 299K T, W] BLERAS-T- 2 b RS 29~ 50 nm 40K ODS

EE
C14-53
BAFRE N T SRR R MR AL
ERA
RALKE

e G Wl OB, IR, BURSE, BCRIKT . MERSE (PM) B8 & B B TN 58
71, ABTERES REE@EBOE R 5 IR 22 AR, PR 7 Hse M. 59k, AN TRERE (AD HARIZLNH T
MRMAE T, $&F T HERE TR, (Hf4 Al B E RO SLIRHE, sz Xt PM R BEADIR NBRAR, A
DIA SR LSRR MR RME R R, 2RI MY BRI EAAE A 2 . ARBEX
—IEI, ARFITIR RS A SRR (PMKGs) S5EIMZ M2 (GNNs) HIFTHELE, F T i
Q&P WAk RE, JF@ B AL FILSLI bR R (UTS) SR (TEL) X H ik, thifes
Al BERL, 27 R TR 1 RO AR e Ve T T 2 B 52T, JUHLAE TEL T, RFLIEF T4 15%. b4,
ZITIEREEAE UTS 5 TEL Z [AISCIA RO, Wit Her Gl R &4, Mo A2 0.3 wt% C. 3wt.%
Mn. 1.2 wt.% Si, F&AE/0E Cr Al Al, UTS# 1500 MPa, TEL #21T 20%, 54 PM 5., AR NZ
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HAbRG et edt 7 —Mair. @ars B e, s 7T Al s SEdEm & i BRI

C14-54
REAFRE SRt S &
I
FHEEE K

BRI L A A BT P R B THBE B < A 9iR FE  T pdE 2 27 R SR Tl S S S T A R A R —
A AR B AL 48 8 ¥l AT AR T 77 30 451 Mg-Y-Al & s IR Zik 350 MPa, IE{HZiL 8% HIfE
PIEARACT 0.2 mmy-1, IXLE H AT AT RGE E R R SR s R e . D& Al TR 7Y o
AEG SR PPEESCE TR, T A FRA GRS TR BLRE, A RPAAG T & e rp 2 AR A a] (1
B, BORBEC T Mg-Y-Al & <68 il I HZUBURVEFI R BT R BUSRE, IO A A HSURSHEE A TE &
SRANGEEE G e Tk o RN SO TRl i v it SR s

C14-55
FER S CuCrZr & &RBRTUAT A K M RE IR
A
T F R R

RSB S i i) oCsE, [FIR R 3 A BRI R R R, 2 At g LA . RA716)
FEHAEFLRS AR R S MRIR R R, S A28 5 RKER G, IR 590K SRR AT AR Rk 2 &
ghRy, PR FEIRTH A S II5RE . SHRRAEME, Z&RERY, SMCERNBUEEE, CuCrZr & 4 nT 3R BT 1)
2RO VERE, PUPISREIAR] 446 MPa, SHLZ N 86% IACS, IEMHIE A 14.1%. Ak, WU KR I FL ) Mt
ROALFE PG AR T AR T AR P 1 SRR FE 4T R, ZARIRACEELH G A & RIUNE Y S, T AUE = iR L 4k
PG MRI AT Y S .

C14-56
TRRE) 58— R
e

RN B S TR HCET T

WG 7T T B BT A N R A S S5, DU CALPHAD (AR B T2
T, RN TR SR = n G e AL Ak .

C14-57
WRRRT S MAT YRR EE R
HE
VRYI T B IR A 7

C14-58
BN T TiNi FARIEIZ & i RT3 10 1 24T 9 52T
IR R
K2Ry

sk L2z T3 TiNi FEIRICAZ & 4 (Shape memory alloys, SMAS)[F)J% 55 7 iy S5, {H
T AP I R 1) A A A5 17 sl 55 A A ) S R P R T 0 1 o A AL T2 T D12, RGuvhie TR
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INE AT S AN E 451 902K & (Homogeneous  nanograin, HNG)AIEE 442K [ (Gradient nanograin, GNG)%4k#4
TiNi SMAs AR AL R AT BESRMEAT N DA K e B FE B R . S5 KL, 40K &G NiTi SMAs [AHAZ
A AR R A TR RS, KRR ST 45 1 LA B B IR AR5 IRAR v AR AR A 2, /N bR DA st
TEFMHIPITER .. GNG 45K 51 KA FR R SE 2 [ R R RN, 4 & DX b S B M SR s b A s
KA DX DTk 1 2 3 T E RIAR,  SEIR AR AR AR I (RN R KR R iR o AHETF 38 SRR R, GNG
GER AR 2 I H AR e AT I R SV [RIRE P, A 2 IRIB PR N B0 AR T ORFF R P18 ) 2 B 5 3 57 6
fE, HEA IR R R AR DA AR S R R ARHAE /1o AW N EE T Sk R ST RR S VA 5 B = g SMAS
PERHRAL T 57 R B SCRER S/ AR 7 ), B W AE 1 AR R AN E

C14-59
A 2 SN LRy 2 A eyl i P s R Ak
BEVRT . XERE, TR
B UL RS R RL 5 TR e

ASCRM 9 T BN ARTTE, R TRE BT Fe-C e R A i % 5 ia s M #4-2) 71
R, X bee Fe-C & 7] R EE AR AL AL 48 (RIS SRF R BRS04 1S S AE TR By
BORURA P4 BB B 5 B A3 A ) DURE SRS B B, 1 SR IR S5 e B (3 KA S e (R A e 22 1 A
PEARRE KPR RN BUR, &&hBRIE T A ] DR m B T AR KL, it B IS A 1 mnkizsh . [F]
i}, 3EIEXT bee Fe-C &< FH K IS IR AL A RO J1 AT NI > T3l J12A ), WE7T 1 e i ip iz 5z
ENHERE, R T B ERIFE R TGS AR S AL RIS s ORI, BLRAKR ISR RE IR . Ak
B INBGE AL A% 512 3 I

C14-60
SR HIRBAIT BTN BB RSB ERL
s XD BT
74 R A3 K

EBANAF4E 4 (Ultrafine elongated grain, UFEG) 4W DLHAMURR I 2 REE 2 020K 7 A5 M RFAE,  FE RN 4
JEA RS S TP AT — PR R I T BRI . AR T, FRATE S 7RG AR R S AR AR R
S A iz @ 5 AR AN I, DA 5] N LT 24 75 A7 (Geometrically necessary dislocation,
GND) F5 R Jy5aft, HRMAEIFIAE SR . T A 25 S AR 2 SR, KHIG A B T Th %
FEWUHAT 7B IE LA FL A UFEG S5H4 11 45# - BN 7E SR A AR T2 N B s A AN e b L] . FEAHIREAY |
HBE—0 5INMT H SR LA [RIFLHIIELRE T B0 21 4k & ASN R Rt e, f7n TR R I. BT Hosik.
TNy A e A RS MR A 7 AT I . AERZE SR B, GND I B ) sk 3508 5 448 )
WIAA L 35 B AN SR R B DDA O o s an A FE MR Ao R 23 BRAR S ARG R . A, B )
KA 1G58 GND s RICR o AR 2 2 3 s ma iR it R o 380 5256 3R 759 1 <110>//RD
YU A — w2 FRSCR, (B 5 BAR A 4G AR LU AAF AR 22 00 . B e e et ok R g A, (H A5
BB IR R . KA B SR A Rk AR IRl PR T dl N . ARk i e s FE R A7 A R A A
Mrifsgfb T, JUTL BALERA S T N ) sl F EAE VLR BORYEVE o FLIINIR FE 23 W35 s AN [F] 5,
BUEI DR, BEESLERE T &, sl BN LR R R, T GND st s, IR R
AT e i L) T S AT A SR i T s A L, T s L 2 7 AR TR S AN S5 A AR . FE I N1 J5 e g
SRAT AL ) 5 ) (3] B RE, AL B R 5 4 475 4 B4 o i o L i 2 T v D PRI o X BRI 78 il R N ALK UFEG
SRR RO S A BRI T FETR 2.
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C14-61
B &R BRERS BRI 1%E 53112 RIE S R RAE
o R XEF
MRS MRENES TR

S PBHN RIS & RALS ST SR ALY, SRl 7 —Fel A X o ik 5 d% 0 R 7 A i,
PEIERAE T foc-Al B SAZ I AR J U R, NS 5 RHTEAS, JEABRER ., TEiZReL . W
W] FEIHRESE T 0, 556 R0 A0 BIIR 5 SRIe 85 RBEAT Tl #E— DA vl ie Al SRR S St R, T
AR S S AR E, R T Rl BRI E SR B S SR A ] CRI ST TR)D - (0 AT7%
THTEAR, HEMEE TR WR AL ISR, S T HO RS ) 2 R iR, IR S
Ty R T A P AT LS, AT T e SR B AE B ST TR AZ IR PR TS T AZ AR AL

C14-62
HTYHERE B R RS # IR
PETF R F R & S H B IR RS /2 H
Elivd
TR A A B

Ao R BE R R & SR R SRR, TN T —REEEAR BiENUR.
HUBERZIE . H ARSI R R, A S EREA R . PURALHLEEANE, PP R T
ZAERHE PN JEI, ARSCH PR T LS BRI R g, DU R PR es & &9
PR HPURACHLEL . Bk, B MR, SRERRIRA S S AT WY B T R S bR
FHRHINLERAFAE, 8RR R AR B A N7, R I S o (AT AR S0 7 B LB AR i S 8 B B A v
HRAEH A NS, P85 S B8 A B Sz IR HE T . JF & B BRI E BB AL S 1
Cu-0.4Cr-0.10La/Ce(Wt.%) &4z #45, i3 T HZRR B nT RT3V, 0 s N g 2 iR HLIRARR A X Bt
BALTERERIDTER, AT RSN I, T ZR R M RRE DT k-5 25 T 0T 91 2 50 AN 3550 U I REAE STk I A 76 4
—%. BJa, ENT ERA-EIF RS, RIL Cu-Cr-La/Ce & &b Ege it 7tk La/Ce Ji T
TRATTEFERR / B A ST AT S 80 IR dEH La/Ce JEF42 5 Cr R FRREREL AT S8, 1Mi/2 H La/Ce JF Ik
b Cr Ji FRRE T AL AT 3 3

C14-63
HLag 2 S IR Eh A S AR BT 5T B SRR R 2 BEAT A R h
JoL YA EIR Y FEam 2
1. KRBT R
2. HIRORE:
3. Wbl k

mPEREEE F G SE IR A HE AR B A R R I OCBEA R, SEI Uk ik i H bRt 7 B S
B EIRSHIE RGO IR, B . A SRR GRS S T, AT DU B
R AT SR A KRR, SR R SEE A AR AR SER . fl, SEEE
RIS 1B AEREE (Heat Capacity). ¥ #i 5%k (Diffusion Coefficient). #4E (Viscosity) %%
RGN EE W R, RN BRI ARSI EERA S R, BT R
TSR AEAEIR BERRE . PRI SE R 2, RS AR5/ N3] 7 28 P o I & S B 42 1 A& I 2ok, P EL R
ma 7R E. BT, X A SRR A RS, SR E TS RN Ak, FOR
SRS 125 R B FoAT A TR AR R B, IV TR LU TR EE . B SRS T R P
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ASCR ML &2 20 55 BRI ) 73§ 3 150540, R IR — ot = o AnE & &A1
JE 5 GERMIZN 5V BT TIRABIETT, S 1 5T SRMAURLAG S0 B ISR S5 MR IR R T, #87R 1H&
RGOS 5 (8 3oL 2 o AR B R 5T 20 BCAT 9 IO RE AR S A PR, DRk, i a e 20 o)
PrigtE 1T st 1A%,

Cl14-64
HLES 2= SR NG B 72 B B IR R
[ TR 5a; Sul | e s 2 e
1. A ERHEREMRR S 5 TR
2. WEH EGXHT &R AR sk %

i LA e T AR AN AR RS . ) 2 RERNTR S Tk PR RE 1B BRIk REAN AT LT A 1 2 223 B
AR SCHEF AR A 7 Aol YT B AR AR 2 1) o Bl i 2 7 R S . K S e A AL AL B
(TMCP)Z M E R AL, AELJR I DTRLSR EAEO8 A AR A & . fERCIAL 1, A 2R Bl 3 S0y R AL fE
5 HMEZ B UG R, 45 R, HRAGSS K DNN BEALAENS LUK T 5% 10 1R ZE TN hi sk AL . 76 VR TE
JTTED, AFPLES 52 S 5@ TR AN A AR, 28T 5 L Se ) ZA A Arrhenius R LE BAT 2
FH RS, AR HRSAR R N TR Oy T RE . BT BT R BRI M Sk HSRORT DL - 254 J2= T
RIGMRHRSE A EEIERE, (Hh TUrSERE I ASCART IR, HEEN A T/ PR R o 775 TARARAZHLEE 1 F
FoH, A A S SRR AT 1) 2 25 40 B A #) 2 Bl S X pLas o SIS AT N R 3RS 2 AR S RE R A, 7L
Sk b SRS LI 51 R K=ok L 70 130 0 2 A

C14-65
SilMo E&HgK T A BB A NAHRS) /1B 7
FHEE L, W 0. AETH S FHE A BEE . sk
1 AR TR R, 4628 2 e Tl e & HoR B st =, Tk HEHE 056038
2. Ml K2, HFAFMOERE S N T2 TRESAM O, Wit Z2 5 066004
3. HEALH TR, W& SRelEY P, ik L 063210

AT SilMo A & Ak IHT B k4K DL IGAA GCri5SilMo BA&, BF 7T 1 HAMO A 24 Fe A st dk
VXt gk UL IR AH AR B 7754 1520 . R DIL-805 B4 B2 AR AR UL IRAARAHAE B 1%, FIFH SEM it A [H
RE T IRACAD PIEFR BRS040, FIH XRD SHAFE A (A 2H s S AR & 20T 704, FIH TEM X
ANTRPARAS T IRFE A ROUIT 2548 B ARV B A aE AT I, ) FH IXA-8530F 37 K 6 W F-4REH 43 17 A [EPIR
B N RAR IR Z 0 ot R A TE . 45 RFH: GCri5SilMo MR AR KA H 5, 152 hghik
TR, SRR, RIATRAPIAITE A B AR TR S 4. AR RIEHAY & B2, LR CIRkE
ECARBER . AR K CHREZE, MMUARIT IR RARE R X AL, MM4ake 17 IR N E
B mHEART CIETFRy G A T IR R AR K. AR SRE R E T, RIMEH A R
WA BT BAE, AL 1S B POK DL IRARAFR 5 BOEAAE [F . 891 Ms 5 A 2H 2R R
WAL & B D T B A, 44N P AR IR 5 B 13.5 vol. %08 /b 2] 4.5 vol. %I, Ms ii5 B A 170°C A
F| 125°C, W ARIBERA) B0k %, MIGK DL AR AR A B R, AR 56 U ST (Rl b . ARIEBRIGA)
B8 13.5 vol % R FEEE 4.5 vol.% A, 75 210°CHN 300°C DT FCAAHH AR 5¢ Bt 18] 43 il 46 45 1 55% 41 35% .

C14-66
T BRARIR 25 A4 e < Rit48 L] (1 BR AL 5
KK RERAS Hig
PEAL Tk K%
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AW TS &Rl R RO (LSCM) JRALSEH: . EBSD PARARIAIEN, #R1T T LA 2% 1P
FeRLAHLA . BTFAIRE, A Bain 2R RIRLIF AR C A RCGRRIA K, (LSBNAIRER,
FERR AR IR LIRS, SO AR RERS B BLA SR, T ANIE Bain 2B % HORE S U 2 51 AR LR W, JF
TEJFUNE I 318238 50 DX A E— S A TAZ » SR E AR SR 8 A A o AN [R) AR AR i 56 AR A PR TEL M o 0 2 I 452 3
{ENEAR (1 RARA B TR IR R AR . BT ) DL AR 2% A AR T3 T AL et MR 22 B ) 5 SR B R AR AL I
WE AR T IR AR S AR K R T A BR300 DL IRAR T RS AR LA P e it 17 B S H

C14-67
H LI PORTRL R F REREEKAT N A
Kaxt KTHYN BEE Brae s B Bolxse Y2, AR
1. R
2. IR R

TR e R E B AR AR, RS AR SR DR T sV RE R P S 2 SR A T2 BN
MO E. B REZRRPCRIILOR, BTN R ORI AR ORI SR, T LB 2R S I
FERRSHEE BN (234 nm),  HILEH t A 2R S R Ti e, AR I 7 RS B HEOW 8 P it R
AR B o AN T B A S (TR Y R 22 R A A FL 1 S el B 45 5 R R S B e U, SEBUNS T Lo ST 45 74
GRBORLAE B RN SRR A AT R B AL R S LS o WF FedBzn, i EE 2R b K AT i Uk
RGBS 3R 3 B S s el RS 2 AP BRIZD Sl (RIS, SRR S8 i #1072 b L 72
HitgEmrl cnge, ) FRMEM, BA ErEtt. ot AuaaEitl remR, iz
Hr = 4E A S S AE N T SRR, RGEERTT I TUE R R (0 A ML AR A g R AR P RR BRI A LA SRR =
YA Z TN AE R B o AR FURER TR N B A T 528 A A S RO B TR B S A LR SR B3 T B
R A 77 (0 S UE A

C14-68
ZiAH PtS2 R A AL
i 5

PE AL Tl K2

Y PUAORE A BT R SR IR R R RSN AR, G RN S g g
PFEUERAT B AE RIS LSS o R JE AT R I3 & S 2R IR Tk, X DhRERL AR 10 B v A 3R
AHRBEERZ RIS HMLRIATIR . AR B SR IR LA B A 58 6 i SR —4ERRL R] 8
% 7 T A HEJE B A 2 T TR A B DT AR S A ) A R 4 ) 40 T T, I e R
TR B A ARG E BB S SR s B, Rl B R IR AL 25 1) FR IR RO E L g AE AR
SRR N FE G BRI B AR (A, S e AERDRIEE A RIS HLER I 5 A8 B FEATL 5 R
(L F SR S S 4%

C14-69
ODS M EADPORBRL A E BT A
JABERE NGS5
2Bl NS

A YyrEEAL (Oxide dispersion strengthened, ODS) 4R AR MR AR IEMERE . R0 i IR G AR T
REFNPLRL R E BONAZ F B IR 25 AR . AN FE DAt — 2042 = ODS NI IR BN H s, 32 Bhl it 4%
EAL K ITRL ) D AIRES TP TAE . X TARAS T ODS 4N, S ALWah K ik 5 7% 5h F i 2 18] 8940 HAE
W B ZE 2 ma E A GUR R A ATIRAS, AR A FERE L A0 T 250k R, WA 7o Am. #AELAL
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S, SAANRIRRIIE L7 10 = A 0 A, il sl A Re R 3 52 Tt X T AREAEAZ Y ODS 41,
FAFLAC LR S BUR DR IORL K 57 BT 0 A, LR 3 AR 2 57 DM AL, LA X AEAHAZ Y. ODS
P HGURFIE S )2 RE A R M, 3 TS5 44 ODS AN 7E B8 i I Vi Bl N S 3R B L R 47 (4 ) 22 1 RE

C14-70
P S AT, B AR E e PR S 5 88 AT B 9
X%
R AR T B A R A

BT8R TR AL I & S AN R AL R O SR A PR RE T4 2 LR AN SRTE, B IR ARG L RE P )
PR o B SEBL A S AN R R P OB B A SR, KR 5 Y UL ) 4 TR 3 T RSk o ™ FE A 2056 Tk
BEWERAE T RRKIRTE, THUME ST ARNERE . HERET, BECAMEEE ™ E
S SRR RIS . A GUIRES KN T PRES  FF 5B 7 2R A H 0 28 — AR 5L ]
VEFGACRE R I iR PR RE, 02 35 N B TR 530 1 R IR S IR I XU . DRI, VRN T il & e IR
B it Bk ] AL AR 5 5 AT AT O, IO BR P 3t s Pk 5 < e e PR P R T R SR o S (BRI AT 4
AT

C14-71
REEERBIA RN RERE R o-Al203 GUKER K& H 44T AN /1555
2. MR, T2 ZgT) 2
1. Hld K
2. MR

The applications of high-specific surface-area (>100 m2/g) o-Al203 nanoparticles in fields such as
nanocrystalline ceramics and chemical mechanical polishing are of crucial scientific significance. However, the
bulk stable phase a-Al203 has a high surface free energy and becomes a thermodynamically unstable phase at the
nanoparticle scale (specific surface area>100 m2/g, spherical particle diameter<15 nm). In conventional syntheses
of a-Al203 nanoparticles, particle coarsening is inevitable in the process of phase transitions from precursor
nanoparticles into a-Al203; therefore, synthesized a-Al203 nanoparticles are usually with a specific surface
area<10 m2/g. In our present work, a high-energy ball-milling method can be adopted to achieve a-Al203
nanoparticles with an average size of 7.9 nm (specific surface area of 170 m2/g) and 4.8 nm (specific surface area
of 253 m2/g). The data and the applications of these high-specific surface-area o-Al203 nanoparticles in
nanocrystalline ceramics shall be discussed.

C14-72
SREE SRR RN TR E T REAAAT B
7T E FERROR
PEAL DAk KSR

RIS SRR S BER A S A b, IRASHR BE 7T AER R 100~200°C, & — e 2L NS 70 1 i 4 B 45
Fprkl. R AR IEE SR RN, R, 85 BE A 2 S AR RO A 2R A
BEA, P EE THRIEE A MBI TR A SO AT T Ti55 &4 & TiBw/Tis5 &4 M ELE 960~1000°C
TG P 1 B AT N R AL . BN G TS5 A &R R AR L TiBw/Tiss & & 4k
(TMC1-3.5 vol.% TiBw/Ti55 Al TMC2-7 vol.% TiBw/Ti55). it sl A szt . Moml/gh Wl 44 R A0 A1 AL
BOERETHEL, W] T TS5 &< A TiBW/TiS5 B &Mkl s E I A2 LA TiBw X 84T A IEENT . BF i3k
B, AL EA TiBw —J7 4L 18R, BRAS 14— 298G 57— 7L T BENL AR,
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fleidt 7 Tio2 2R R, 1R 1 MR BT A PERE «

C14-73
B REMRE BRI RS SR H R K AR VLB 5L
EEE L RIRS L e S B AL R
1. WAL EE T2
2. HHETHRMGARAR
3. KIEH T K

AHIEFE B AL BRI AN 8 RERE & 5% (L% CALPHAD. 7r 73 J1% (MD) M IR ITT5 %
(FEM)), RGEHHT FUii ik 5 A AR 2 S AU B HL IR B o W TR e T 1A TR RE L prbetibhBe.
B2 AR EmrE, MRS SRR IR BB S M R TE 2. R T RS
CALPHAD 1555 MD BRI iE, H T TRINATSE R 5 2 SR RE B 2% 00 T AT VRS, R AL At
B, BAE DY R TIXTrk, AR TR R EMRHEA RS T RO A AR RER DL .
H 56, CALPHAD J7i (i T HER FUN AR5 52 5 FP RO A AL TR A, F s S BRSEFR O £5 449 1) MD
i, I MD B, AR T APRHEA R A T RO H SR AL R, 45 2 A A AT O S x4

BHERERIFZM . FEM A TR IR I 0 A PR REAG UG PR, i DR M OO0 21 22 0 11 40 T 78 i o

C14-74
HT B E R -3 R A AR
R, T, EIREL i
iR N

RS I M 2 5B 15 RE T A S ML % R E ARG E I . A2 AR, CHE A7
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An unified variational approach for isothemal two-phase flow and its direct unified gas kinetic scheme
PR IE 7
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This talk will present a novel unified variational approach for isothermal single-component and
multi-component two-phase flows based on the Onsager principle. By constructing an appropriate Rayleigh
functional that includes both the free energy functional and the dissipation function, we derive the macroscopic
equations for two-phase flow, which encompasses various dynamics such as the van de Waals and Peng-Robinson
models. Additionally, we demonstrate that all models maintain thermodynamic consistency by satisfying an
energy dissipation law. To numerically validate these models, we develop a discrete unified gas-kinetic scheme
(DUGKS) based on a well-balanced lattice Boltzmann free-energy model, which can be proven to be mass
conservative. The efficiency of the proposed schemes is demonstrated through numerical simulations of both
steady-state multiphase flows and transient flows. This research broadens the application and potential of the
Onsager principle and DUGKS in multiphase systems, which are of great interest in engineering.
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