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C17-01
Recent advances in SMA-based elastocaloric refrigeration
Qingping SUN"*
1. Hong Kong University of Sci. and Tech.

This talk will report recent advances in shape memory alloy (SMA) based elastocaloric refrigeration
including heating and cooling. It includes how to achieve large temperature span of 75 degree celsius using SMAs
with different austenite temperatures and uniaxial compression in series; how to achieve large cooling power of
1.3 kW using thin-walled multicelled refrigeration structures with high specific surface area; and how to achieve a
high energy efficiency driving using work recovery. Future perspectives on sub-zero temperature cooling and high
temperature heat pumps will be given. Challenging issues in material design and processing and in device design
will be outlined.
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1. K

MEER AR BIRACIR, 1R 2 JCH S50 T84 A0 75 2 A = s B 8 = I AR R 46 . AR s
Fe LTI 2 R — N E IR TR AR . e, REEEE, FeliE bee M1 hep 4@ AEACE T 2HUNGE
P [Kimura et al, Science, 320 (2008)1057; Gludovatz et al, Science, 345 (2014) 1153]. —L8 LA LZ4E AL fec
& BAENGR N EA R R YA, (ARG, Ak, AGRIEMRL, B AN, 9% NI
WEE, VLAAEFERR R ——F/E G S5 A KE Niv Cr 5t H R, EMEARR . B,
A B IR R Tl — e DG 45 1 FH I = 1 RS AS A B, e ) R AR IR BT R G A A R AR
IR

B o — 1 KR S IR B AR IR P e P = I M S R AR TR oK, A RAEAE DL Fe-Mn-C 15
ERANIERY b, @I COMn TEREE, RN AUSI S84 TR, SKIEENE A EALE], Eit
H— B 1) Fe-Mn-C-Al-Si mi4idl: @ IR B T2, Hl& B AE ST momes . (O%A
BRI . gh R, Bl ORI ) A, AR AN 1) i AR i S s, e BN TR, Blan, 7
FIN, WIS TR R 300 MPa, V BYER s 901408 390 J/em2, AR ZIE T, 380 JE ik
FEREILF] 1250 MPa, FL v RGN E A 280 Jem2. TWEER . (RIRRRIEE R, R840
BRI ph e i 03 2B ERHE, R TEIMER R, ZRIW A% T E M, PR A KR, A
B IR R = s 5, @ TS IR OB S M
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RS S BRI BT R IR T
LN 1 ERNET S SN 35 AN S ik
1. ERE TR
2. FlgRAHEBSEARAR

o [ 2R AR TR S G HE e [F X KR 2 S EORBE T iHR, 3L TF 2R/ EARAAE 4.2K T 4 REAE
Nb3Sn LT, KEEIX 760 m, EERAIEIVER ZARABINE BEAT SRR AHIE TP AR FS A 9
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2 316LN-Mn 1 316LN IR L5 M AR AN R, WEASREELE 4. 2K IR T B TIPErERE, 2 Hr odi2H 21
Ebzoo g g, SRR, 1E 42K B, SRR AL A HER RS 7 A, BRIR T IREE
LM, TR I GOKRZE SR T IR R, R GRS Iy, 15 T gtE, R
s RL ST A 30 pm S Al RIS F B S T s M2 e Rm A RS, S =R S T
R BRI R R AR, PR R TIRE, SRR KREARE, RPUER T REFREZ S BN S S =N
BB, PR TR PUE T 316N M4 4 SURGIB IR M M ME s, R4 KRN BN
1.46 kJ/mm B}, 285 400°Cx 2 h #AbER ) IRE%, TRARMN JITHF, fRagrhas e B, filk 728
PINLAE], WPV LIRS s3It T 45.81%.

C17-04
KA SRR LM T AL S AT AT I
Hengcheng Zhang*
Technical Institute of Physics and Chemistry CAS

Serrated yielding (discontinuous plastic flow, DPF) in metals at cryogenic temperatures has always been a
focal point in the study of plastic deformation of cryogenic materials. In this study, 316LN was cooled to the
temperature range (15K) where DPF occurs using GM cryocooler for tensile testing, with three thermometers
placed within the gauge length of the 316LN specimen to monitor temperature variations. After entering the DPF
stage during tensile testing, the temperature of the 316LN stainless steel specimen was controlled using heating
elements on a flexible high-thermal-conductivity structure. Once the temperature reached 30K, the serrated
yielding in the quasi-elastic stage, accompanied by a slight decrease in stress, immediately transitioned to smooth
flow. After ceasing temperature control and allowing the temperature to drop back to 30K, the stress-strain curve
of the specimen immediately shifted to the rising phase of serrated yielding. This demonstrates that the DPF of
316LN stainless steel is controlled by a temperature threshold switch, related to the reduction in stacking fault

energy and the enhancement of dislocation movement, multiplication, and cross-slip at cryogenic temperatures.

C17-05
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e NSO (NSOH) R IR AN BA 1 m IR 5 SRR I R G ARt 65 ol 4 B o] e 2R 1 S5
B, BN T R ERAS TFESLEGHE (China Fusion Engineering Test Reactor, CFETR) il SHIMKSZIE RS
L& 2 CICC S LA RE, T NSOH RERAE M IR M]3 (Toroidal Field, TF) £kl f LR 4k
% (Central Solenoid, CS) ZERE A2 I 1 I R 3 B0 5 fE A IB RIS i) il . AR S B Ah 1 IR
K NSOH & [RAAANFHAN IR RO R, B N48 7 CFETR T H 1 H T4 S48l 5 F K 2k el &
1) NSOH 5 316LN ANEHANIEA S Bt B[R F 5 S MR T 20 i A2, B S B2 i B B 1 5 AR 4%
B W AR R R RER I, B 5118 T NSOH/316LN S B [RAR AN S AR IS B2 M BT 92 AN 2 2 A e R oK
AIAT R, A AR SRS BIAR DGR AR B8 A 1 ARG 2 A R% 328 PR NSOH. B2 AR A 4540
PREERIETE ) R SR L o
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PR w0 i N
3. VTIT Technical Research Centre of Finland Ltd.

Refractory high-entropy alloys (RHEAs) and medium-entropy alloys (RMEAs) are potential candidates for
high-temperature applications, dislocations play crucial roles in plastic deformation of these alloys at both room
and elevated temperatures. However, there is a significant deficiency in the understanding of their
temperature-dependent “structure—property” correlations at low temperatures, which is crucial for assessing their
performance under extreme conditions. This study investigated the mechanical properties and deformation
mechanisms of the Ti48.9Zr32.0Nb12.6Ta6.5 RMEA at ambient and cryogenic temperatures. Tensile testing
revealed intriguing temperature-dependent behaviors: as the temperature decreased, the yield strength increased,
whereas the uniform elongation (UE) exhibited a U-turn trend. The RMEA showed a good UE at 293 K, however,
a limited UE was observed at 185 K, unlike the improved UE and ultimate tensile strength at 77 K. This indicated
a transition in the deformation mechanisms. The microstructural analysis provided further insights. It revealed a
strong strain hardening at 293 K owing to abundant dislocations and their interactions, which weakened at 185 K
owing to dislocation deficiency and the formation of kink bands. The enhanced strength and ductility at 77 K are
attributed to the {332}<113> deformation twins. These function as effective barriers to dislocation gliding. To
summarize, this study illustrated the temperature-dependent mechanical behavior of RMEAs. Thereby, it has
provided insights into the evolution of deformation mechanisms with temperature. This emphasizes the
importance of dislocation slip and deformation twinning in strain hardening, which is crucial for understanding

and optimizing performance of RH/MEAS in extreme environments.
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R SRR PRI 4R A0 T RD R SRR 5
et
e R 2 A M R 52 90 525 1 - P03 5

TEA PR 2 0] Y 3 B 7 5 e A8 M S 50 B8 AR A% R AR Th R i g% . ETHRIT 2030 2
B E SRR TAESLIGHE(CFETR), fmiiidn 15 T, OKH 95 kA. AEEREH &2 N B S (CICO)
PV BR R AY, B R E R A R M B G E Y, B TSI R R D 2 et I Re
. CFETR 8 SHEAK U 140 WK A E R R D FF B FITER A b, BRI 42K N, Hik
BEEERT 1500 MPa, WrEAE 2 KT 25%, Wid®H KT 130 MPa-m1/2. &M T ITER HdE R 316LN
A1 IK2LB £#8H (JEARTEEEZ) 1000 MPa @ 4.2 KD CGIEE N 75K . @B REH & s w05 H i 2
B CFETR 3% 8 5 A N FH (3 iz —

S TR B SRS B N & B AR R AR BT, T T R S A PR ARIR R A SR B
WIGHHE 7 —Fh oG P mom B A AN EE F, SEBLUE AR5 8T 1500 MPa @ 4.2 K [ {H 54405t
Ko SRR EAF N HF AL T CICC SARGIF SRR rE k. S, FE. HSediE. 2%
AT 4.2 K LB S, B £ 0048 Y JIRGRE KT 1500 MPa, WK KT 30%, Bl KT
200 MPa-m1/2. ASCH 2541 s AN SS9 e H I 2 AR BRI 7L, FRTH R AR T — AR HEE SR
B FAERLATAT 1
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C17-09
F—REZR LN REPITCH R KA E M
SRERE. ERZE* DS, ROl XM, #3H
PGB IS e A PR A

TR T —Fl B AT v g BB PR T TR PR AR N5 Fe-21Cr-15Ni-5Mn-2Mo. #F 78 T SZ36 4N 7E 1090 °C
VAL G Ik EIRFE MO LR RIRE (42 K) Fifithas. SREN . EBIREER T Sk R~
(47.96 pum) /NTLEIRFEHI P SRR (58.84 um) o MX YUIEYIAN Z M AitE Sk RFEM HIFEAA
FEAGIR BRI J5, PN RRE 0 B R AR SR NS 7 A2 T KRBT 2R i o AR TR 2R G IR T BT DAER =i 6
BHOYEE, BAMNES S 852 Hall-Petch” X0, A T22 5015 SRR . Sk S AR5 IR 58 5 55
AT A PR AR T R B PR R R T BRI i 2 (AR AR . R A, . 7E 42 KT, ke A
A R R 5 - SR T B RO P = AR PR BT 5 (UTS) iy 1881 MPa, JE ARG (YS) N 1465 MPa, {#3% (EL)
N 35.5%. BT R AR IR A E TR VA PR B S FR) o FEE AR P A o — AR SR AR AR AR R SR, A o i
- B SRR 2 T P 2 P R A A R A

C17-10
RIE Ni PRI P RE R
RPRA*, BR4E s
At SalipNCS

BRI, BEURROIT A iU E AR R AL, REEMERE. RSN AR bR
FET 7 AR AR BRI B TOU AL RN oK S5 4G T 2 — B e b AN R A RER P ) = 204, RIF A — N
e ot e IR P AW A BRI bR BN o A e e mORR & M AL, T DA 2 Y AR AR
BN B e RE . SR, 0T RGN, TR RV I T K AR A 50 T2 AE TR b A v A
BRICIESEILA, R T SN RO CL B S . A A SR AS AR AL T A EREARIRAS, BIE3R
BRI B R R, ol DLORAE KPR ASO 2 h R 7 MBS et CREIZ LT PERE. TIAE#AAE
B, SRR B MAASa T RI2 LR, RAgeedrhradr i snie . ARARA
AR E R, X4 R R AW AR B AN 1 IR . RSO 1 W TR AR AR IR AN T A, E G
AR R B AR AR AR B, R ] R IR K T AR B ARG ). AR, Rl T
R RSP RAL SHECHIT &, <HliE” H — M ZRPUKRE Y, ER R R F, Y 7Ni
RBARDC AR A ARIEIE o« A FUERZR 1A% Ni AWACE 0L ONT XA - 196 CIASE IR AT AT 1k, BLIK BRI DGR
R PR H

C17-11
FF CFETR ®iE&EFENAHK NSOH 2 F UMD 5
Rk, F4Ek*
Fp R} e 45 B TR LT 7T BT

[ 2R AR TAE R HE (CFETR) #i i Hl il i A 9 T — AR SRIRZ A Ll (CS) SRR i
fItiss. HHT, REBCO Al Bi-2212 2wl SRR PR A R FEARR—BURH I N, 2 SEAR S N HE
WIVR RGU AR R FHE WS 3R (CICC) 45#. 316L. 316LN A1 JK2LB 548 HURTRL 158 B CUAN AR 2
CFETR " RMRZE HEAAAE 4.2 K T HIIZAIEREEOR .t NSOH AR 2% 148 FHAEE A WA e JRITAR
BAT T BERORIGIE TR, JR1M, fE Bi-2212 HiAHNEIIREH, N5SOH f2H 2 — KA T, JoHi2
893°CHIAML B T Z T REL )2 RE TR . A4 7 NSOH f FIAEAN R I R A B 5 0 70 241k
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e, JFRHS 1 AKEHDOHICHEL T NSOH f8 O 2R B2 . 455K, 78 4.2 KN, #Ubd)E, )y
PEREIA BT TR, PR IRGEEE KT 1500 MPa, Wi AE R0 15% A4, BN ATFEER, NSOH HHi
ANREFIE Bi2212 RIS HAPRL, S5 St HA sl o gt — ik .

C17-12
4.2K R F R R P B R AR R R L 20T R
JEbE . XU R, K%, BEM. ERE
T ANER BT PR 7] SR T

I Z R AR SRR WML R i, Bt a ey, USSR ARG, B, FLHARLiA
SRETZ, JFEHS AR TESH, Wi 7 LA C & N & Mo, SHIE R Mo M Nb. V LR
NSO AEFIT L2 o 2Tl 465 (K] NSO JEL2 R TIG SR04 1 —HE A4 FT NS0 7 [ 8 AN 2k Jel S ARk,
F FR AL I O A NI /) 22 MR REHEAT T 3RAE. Z5RRH], T R iR 8 S M 45 & R AT
RS RO JIESFRHOE, AREEDCAIRER X ROW AL Z 73 55 Ay R SRR ) B A ok, HL#
SN X R JC W AL R BESRAR IR A PR REA W R EE REOL SR, FIAPAIESE T W) NSO 17 224 B2 1]
& CICC S5 HURI £ Pl S A AF R FE AL R o

C17-13
B TR RO R A HE ] iR 8 3 T A 2 P B O R ML 2
mEGE ORI R M L R RN
1. P2 308K
2. R IR AR A
3. PGS B T A BRI TP

Bt 55 AR i S ——F AU ) REBa2Cu307-8 b 75 A SR 5 4 T TR AR 4% 18 v 1 s 4 R
WEE, AW T E A R R T i AR IR S, MR = (Raman) . BRZ%E TEM FTHLT-E
AR (BELS) 35S it i) Ji 1 RBERALBOR , B T 3 70 B i Lk B 0 - T M LR FL 7 S5 R A S
PRI IR S A A SRR A N AE AL . T T 45 SRAR IR i A IR R B 1 D - JE A R S £ T $L
Hly, AREBIETE T PR A SRR T Jes T AR MR N, R R AR R S
FEMPBISNE, B ESEERK, BRI S IR, G E R AR A A
FHES T, (RIS R A SR Sl o D 7 (8 A5 3 A% 5 A ™ L L 2 Sy A 2, 17 o L S % 110
LSRR AR AR, A A B RE TR T . (B R AR B 2% A th T R B R SE AL ARG ST 4L
REST, FEAN[FIHRE IR T 3O AE I AR AL IE RERL/IN, RIS AR AR STORE 425 A% T2 RS FR) ) AU 182 A8 %o R R
AR Mo IR TGS SRV 35 B SR A 0L AR 2 )i A U DA i A R e LB 3
AT IR A BAT R

C17-14

A R AR R

T I
Hh I R e H A TR

R E A e R TR R AT PR RE, B N TR AR S R E . AR B e
A A RS AT AR AR T S AR AN B T FURE S, RS ERA B GRS A SRR
T AT 3 QTSR ) L BN
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C17-15
YBCO & S BB AR A
T+
RS PN

HIT YBCO 7 i) K B2 BR 1 AR R (AN R 5 3K, YBCO i i PR B2 S A il B g e 3 i A 1
FH AR AN T 8 4 () S B AR IR o AR SCR I GK R4S 1T 20582 YBCO MR, REHHTE 1 9KRM#ah 114
v, RR TREAIRE . BRGi I E] . HUME SRS B Skl S B Tew HBBH Rj A1 n EISEMR, JF
WHIC 7 Bk RR ERE . BFEFUR I, MIREGEIRFE ST 205°CH, #:ki e FRERIEAH) 84%, H Rj
BRI, AR T I I e 50 B = RS Sk SE & 7). Ak, Te A Ry SEHUBRIE D ABUR, =R
PR B s R KIS 5. R, A AT DAEAR R e 4 ) (1~10 min) A SRIIRBHIE RS . 4L
T A Sk I R R R AR B S R i, B IE KA B KR 8 om K8k L HFHFF £~10.56
nQ.cm2, LGRS 174, H T 25z AR Y B 5 .

C17-16
B BUARAE DI 2% S I LA Sz B 768 9 R [ e A 2Rt
Sl
B2 eSS BT R BT T/ N R T R AR R A IR A ]

JR IR BOR CAAE R IR USRS T AR, B YO8 H TR I U R — . B
FEORIKIKE, Rl T BRIk & (A 2, SEBL T ohnsas BN/, KEAt, AR T
ML, AT TR T R B A RIS TR T . SR TRYT HIBLE PR T 240 MeV I 35 1
(B T I &, SEBL T e BELGER 3 57 [ TR N3k 5% (4 1R A o AR SOHs 2 RS Ik 2% i A AR REATAH R 4
R )T - BORAE TN &5 0 ) N AT PRAE A 2

C17-17
B A A G A RMRIR T TR RALELRT AT
ARG PR PR
o [ R 27 B BEAL BRI FE BT

M BERRMIC R H B 2 MR RE R PRI S LR E R I AT i . H RTET X SR IZAT IR IX
LGB AT W TS IRAFAE S 1, AR e 2 B NS . AT U Bl S 3 i AR P A S
NEAEZAT BHMIRIR IR, TRV PR g A LK A iR S P RHE AN R S i o 2 Re i, @i in— &5
AR EA AT PR IR AR AT D . BT R I B TR 0 i AR A T 77 KA 150 K2 1],
e T AR T R AR IR N 2B ML RE 2 T o IX— BBV TA TR Ja o 2 R AR LR 2 (B AR LA . 7R3
SEUR I A R In N R K AL BR DR T S IR, T I 2B S RE, SRAESETEEIZ0N 2%, AR SEIR R
WY, AR A e R B A PR AR T SE R D O . A TR 5 35 A M R [ B IRt X Pl il o it , R
Rl 22 A3a AT MRA AU B AT B (Y AR RS FH AL
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Incoloy 908 & 4[5 PEIL LA 7T
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2. ANERIT TS A IR A A

Incoloy 908 & 447 H i Ay v [F A% AR S E (BEST) Tl S /AR IS5 M9k B2 — o A THFSE Incoloy 908
HEMINTT. BMALRFYUMME R IR, RATRHRTENMET BFE L ZH]% T Incoloy 908 &
& o BRERIN I ELFIF S B G A TR RS 2028 83um: BRI S5 M . 85 1/E 42K & 293
K PUREVE N T 7 Rilss . S AR, XGRS IR thah, JEIRGERE.
2 SR e e 55 R DRI SR - 3 [ 6 3R P ) PARAE T 35 189, X 5 el AT A T 0 7. 77 PR /v 5 6 42 (MV/HEAs)
(AT AEIE] . 28 700°C/20h 75 ¥4 TIN5 AL BRAE i B DL S BARIR MERE, BUFEAE 4.2 K 405k 2] 1.02GPa
M 1.69GPa (M E Jm RS E PRI, LA 40.5% MIDLFIE@YE, ETHA K HEA Mfhseit TR
H4. 18 293K W, iZAEd A Hamumiae, YS EmiA 833MPa, EL fHIE 30.5%. FIAEH
H P RAMETT 7L T Incoloy 908 A4&7E 4.2 K. 77 K Al 293 K FHAMH. £ 42K Fl 77 K Fib47
FiREe e, WER| 7RSSR, XBOE T 2 FENH], G5B E NS 5 MR
JEEAIAR AR G o AT, AE 293K FMHARIAE S L PSR BIX S G, UORAE 293K, BIEARTE
s s B

C17-19
RIR A AR
A g
o [ b e B B AR BT S

PO A B — P TR FERON, (Peltier effect) HUFTRLEARIAFA, BAEREV/N, HER. 7
S, OHUMEEBhE R . TR SRS 25, 76 5G B ITUE A file . ZDAMRM 2614 . ks R4
FERM . IR AU A ) RN AT Bt IR, o 7R [ S A HOR I R SRk EGa ),
T A AL S A HOR BT 5T 5 BORER 2 1) OGTE o IRIRFA A B ZEAFE I =R XA AR, itk
4t Bi2Te3 A EL, Bl Mg3(Bi,Sb)2 ZEFAI A kL, B2 SnSe. PbSe ZE AL IR X A EL,
U1 Bil-xSbx #HLAEL, CsBidTe6 M RIAE; DLKIRIKIR FeSb2 M HAEIE . ARSI T #h Ha il ¥4 LA 5
B, AR TR AR T T R AR B I R, ORI R F R E SR 1A BRI B 3R AT 1 A
FIEEE,

C17-20
(RIEARH R H AR TR R R IR I 72
E BT TR A%F
LESS v

Wi IRAL IR B S FIRBNIE K T — RV R 2 5 IR, SRR IR B A 27 iy SR B () 52
M. EARRICAIZIEAICE S B BN AR K, 1 sl SR T ARRBORS B 2208, [1] ik, dnffg
YRR i IR AR PSS R R AR I M A, SR BB R T R SR, o e Jee i — AR Se b 2 4 B BB

& 28 5108 I G A A R R SR PR RE A0S , A A M SR 2 [R) R AE ORI A o 17T R Hh R
FAEBENL Y A, EAHZ [AAELE RGN, HHEREHE 5 3 =4 AR TR A0 25 (8] RS R/ NG R 35 20
PR 7 W Rkl B E A o RS AR AL I T — PP R R G IRR A BB, 725 /AL B 3 R AR
eI R R AR 3 AR SR A EAR AR R 2 AR )R . AT L, T2 Ak R AR &R
SR R IR FHEAR T R PR AR B RO AR R R T, B KRR R BRI A R L, L
Lo 75 TR RS AR AR E . [1] ATV FE AR B H A A 15 X6 R 45 ) a7 g 2 i 7 A R A PR T
B, BEARE T KRR BRI p Can & i) [RIPE AR 6T R BB D, [RIE RFE T R ARX Bk P 4
KA, FERFERRFEGERE SO T 450 R R e A AN, TEARIE RIS S8l T MR K 1
BRI RN . [1,2] A3CLL Cd2Re207 Fll Ca2RuO4 FALIINHE X G, RGRAE ST T AR E R
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AR IETAR, FE7R 1 RIS RS A S AU AR A AL, SEEL TR AR A . AT AR T RS
Ao AR AR P A R IRT Tr i, R RSB s 4R B A A RIS HE

KB X A AT REG SR AL UK

253k

[1] Feiyu Qin, Lei Hu*, Jun Sun, Xiangdong Ding, Masaki Azuma*. Acta Mater. 2024, 264, 119544.
[2] Lei Hu*, Yingcai Zhu, Yue-Wen Fang, Masaki Azuma*, Chem. Mater. 2021, 33,19, 7665.

HRX BRFEER SR AEEILS D (GYKP027). HR HRRI I & H 456 4:(22205171)

C17-21
D 1o o T ZRAR SRR 2L O 2L Sl B 4 A R B iR
2Rk
o [ Rk e BRAL BRI FE P
C17-22

TRERIR I T A EARHR B L
PP SN R (S

KRR

SRS EAFERR, ABUN BUERAILS, Tz TE TR, #TRAS. BT RS
2R B A St AR AE LR, T A A A G R AR, UM L A 2 R 1B AT
SR B GKIEAT TR RIS T, A S8, i, JRBa R A R E 2L,
SRS R EGINE R AR BAFTAT NG B A, T 7RI BRI S A R
BN S A GIERE T LR, 1R TS B & B S RBLE.

C17-23
WIS P A RHR A S B L
T
o [ b e B B R BT S

C17-23
£k o R IR A AN R S R RE R RORTT R
BHCR o
o [ R 27 e < R AT TP

e

FESIGIRAN AR R AR S K IR SR AR HE X 5 4R Bl Fl PRI iR . =M K
Rk, b E 5 AR TRESZEGHE (China Fusion Engineering Test Reactor, CFETR) [P %, A TAEEF
X TR T 2k B A I LE 42K IR R ont MR TG, R, s SRR RE K, 1T Fe-Cr-Ni-Mn-N
RAGR NSO B IRARAGENAFEREATRE, 5 HOTFRE 7O 2R MERERAE BRI 58 . BT8R0 NS5O J5i 7Y
WEEE LR P AAEL) 5% B 8 gk, SRy HuR kG § SRRBHEI W T, EIETBEHR. KiE
WAFAEITE, B UUZEN Creq/Nieq M/hT 1.25, DA HEEFERI, A WRNT & ik, § Shiik
55 08 RARF AR 2 A (AN U AS T K S & BRaROL e, ki 5 0% A S AL R A ) A 5 oy fe,
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DI TH BR & BRE AN 77K ph i BIVESR T A — 1. B4k, 4 650°CHE T AR AV B S, N50 P K&
AT HE df M23C6, R BOR HIESEAT 9 M23C6 Ik 1 fh R SUR B ZE A g, RIE AR 1 N50 4N kiR
PEENE . AR NSO RO & B n, R b AR BN RO BUINE Z AR . X 2 B el T B & 2 2 25 P IR
M23C6 KITEAZ RSN ), AEXT Z AHEITEAZ IR /) TE W R 5emi,  Z R AZ AR 2 252 Nb 45 KRR 71
PGSl BRER S B, AU Z A BRI DL R TR N, (TS AN AT 3RE S F) S 2 FEAIR T NS0
AR B

R

C17-P01
TR IGESHAMRRAG TS AER
THEE EEES T EE BFEM L RES L 2R
I IR Z g M i
2. I E BB EACEAR 5T

PR R L A SRR T2 M T 0 F AR A7 S U, 4 IO B A R R RFAE R B . AT
St T Mo H GO S L 45K, AR 58 AR P Se i MR R AU B e R SRk B R WA AAHE A P I i
AEGE, BT E LR RIS NSRBI, ASCHEH 7 GM Sl LR D B RS
HAL AL SR INEHHAAA DRSS IR RGHA RN, BRI AL T P B2
PR, I HURT SEBUAR e . PR ANINRE S, WA s AT 84.7A WL, ™/ 6.34T Wi o

C17-P02
Two-dimensional discrete dislocation dynamics simulation of 316LN discontinuous plastic flow under
cryogenic tensile behavior
Liancheng Xie,mingyue jiang,zhen geng,zichun huang,di jiang,bixi li,fuzhi shen,hengcheng zhang*,laifeng li
Technical Institute of Physics and Chemistry CAS

Abstract: The serrated yielding (discontinuous plastic flow, DPF) of metallic materials at cryogenic
temperatures has always been a research hotspot in the field of plastic deformation of cryogenic-temperature
materials, with this topic typically confined to phenomenological theory. This study simulated the
cryogenic-temperature dislocation glide and vacancy diffusion by establishing a two-dimensional polycrystalline
structure of 316LN within the physical framework of discrete dislocation dynamics (DDD). The dependency
relationship between dislocation glide velocity and temperature has been established. The model indicates that the
accumulation of dislocations at static obstacles continues to increase below 35K with the decrease of stacking
fault energy, which causes the continuous increase in local creep stress until the failure limit is reached. It

contributes to the macroscopic stress-strain curve to exhibit discontinuous plastic flow, i.e., serrated yielding.
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An entropy filter used for the helium isotope separation was constructed in this paper. ALO; powder with
different diameter size were pressed by special tools. The helium leak rate of these entropy filter was tested at
room temperature and pressure by Helium Mass Spectrometer Leak Detector. The results illustrated that with
smaller pore size powder, the helium leak rate was lower. The average pore size was measured by mercury
intrusion, as well as the porosity, permeability, tortuosity and porosity. In order to better understand the internal
features of the entropy filter, scanning electron microscope (SEM) was used to observe the internal topography
features. The results showed that the pore size distribution of the entropy filter prepared by this method was
relatively uniform. And the particle size could be less than 0.1 microns, which could be used as an entropy filter to
separate helium isotopes. A 50nm powder-pressed entropy filter was selected and installed in a cryostat entropy
for helium isotope separation experiments, and the results showed that the entropy filter could increase the purity
of He-4 by two orders of magnitude.
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C17-P10
Low-temperature deformation behavior and acoustic emission analysis of austenitic stainless steel at 20K to
300K
Rong Bao,Wentao Sun*,Chuanjun Huang,Jingjing Dai,Yining Huang,Li Shi,Laifeng Li,Yuan Zhou
Institute of Physical and Chemical Technology, Chinese Academy of Sciences

Austenitic stainless steel, renowned for its exceptional low-temperature strength and toughness, is a crucial
structural material for the magnet support in the International Thermonuclear Fusion Experiment Reactor (ITER).
Acoustic emission (AE) detection, a nondestructive testing technique, allows real-time monitoring of damage
evolution in materials and structures, providing valuable insights into material damage mechanisms. This study
pioneers the application of AE technology to characterize and evaluate the mechanical properties of austenitic
stainless steel at temperatures as low as 20 K. We conducted real-time monitoring of the static load axial tensile
damage process of austenitic stainless steel in a low-temperature environment. Analysis of the experimental data
revealed the peak frequency (PF) ranges corresponding to different damage stages, and the tensile damage

characteristics of austenitic stainless steel were examined using AE characteristic parameters.
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C17-P12
Dynamic separation of helium isotope mixtures using cryogenic adsorption
Niannian Dail’z,Peng Jial,QianXi Qul’z,Huan Chenl’z,Liguo Wangl’z,Dong Xu*l,Laifeng Li'?
1. Technical Institute of Physics and Chemistry
2. University of Chinese academy and science

Cryogenic adsorption is one of the main methods for separating helium isotope mixtures from nuclear
exhaust or natural gas, but its existing experimental information is insufficient. In this paper, a device for the
dynamic separation of helium isotope mixtures by cryogenic adsorption was proposed, including a vacuum
cryogenic unit, a pressure-flow control unit and switching control unit for adsorption and desorption. The design
mechanism of the device and the experimental procedure were described in detail, in which the pressure-swing
adsorption (PSA) method was utilized to avoid periodic heating and cooling. Matching relationship between

mixture concentration, adsorbent amount, and flow rate would be given.
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