#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 13 (2025) 136401

EReEERATITASH =G mEHIE
B0 KRED  AARD HAED FKEA

1) (Pb Tl R2E 12 5 ARSI 24BE, V§%  710072)
2) (KLRFHERE, 1Y% 710064)

(2025 4E 3 A 26 HIg#; 2025 4F 4 A 16 H &)

A df A B e R VR AR AT o i B A LA A AL S B 0 AT O R EE T O, BB T S s B AT O S R AR AT
DA TR A SR S B B AR A o [ AR T AT O 9 B ST N R — . AR SO T Bl AR T A A (SO AR R ke
BT Al 8l ) 2 B2 AR GEARIE T = L JEAR v 45 4 (9 80 L TR A2 AT O 5 3 ) 2 st B AR AR IR T WL A A e A
FRBE Ve HE 2T 3 3 0 A8 AR BR BRI, F 7 T A 5 <0 A AL A 10 3 I R 0 7 A 3R Al 8 U T 5RO AR
FENL TR AR RE S o O R Y SRR, 275 AR ARG B TE ARG, SO AR R A B A A AR S PR
PHGHAR A IRE . AN, 6 IR RE 5 RS RO RE A RO EY, iy 6 IR N o St BT 9K A £ A

SRS . BB K S A OE R W B A8 BB T AR E SRR T, LI e 2w s T AR
BRI GIERHE. BEFEEE A AR R G AR L B ROUL AR R S A T S Bl S s R =, AR T

DU g RN 5 R T

KA ARA A G, mIRET, iR, BRI

PACS: 61.20.Lc, 1.43.Dq, 2.40.+i
CSTR: 32037.14.aps.74.20250392

1 5 =

AEdi SR SRS AORL, PO TG
JF BRI S5H R B L AR 04 2 S WU PRI RE, a4
SR AL 2 AL B S i s S5 A R 2525 | R F
FEPG UL AT ARG R AR, ARG BTG
PR AR TR R R B B SI AR AT o, IR AR
BFEAAR R St sl S fe it T B g 1 b,
SR, H 2747 D B e JEE R P A 456 25 Y R A R

MR )| 37 g5 iR O FIRRE S st fy a4 10,

IRZIE RIS 5 BT ERIAZ O B, X — 2 AR IR
TAR R & G N AER) 2 ] S 28 11 R
JAFEHE (85 TR) BB TPz 3 (o it

DOI: 10.7498/aps.74.20250392

1), ANTR I T) 5 2 ] RO s o AR AR B 5 0 3
Rl HRE 12 LR AR M g (12171,

ARG b BOd R S AR T O S HOAR Y
DL KA, AR A ER S L= KA
¢, (83 )12 S A AR S i i st A T S
S L 2. o SR I Sl AR A i R A
PR RE SRR R, A AP RE R B2 AR AL 2
1T 3 5t 5 ) 5 JRy vl Al 1y B0 S5 O 0TS #HL G, X ol
L ) ) R e Tl AT 1291, P2 3R] L AR
BT REN 4B AL SR BT,
IR JALBEES 6 shig o e FEAR, IR B I T M
[ 24251 B~ 380l R #8073 A B A [
AT DU S AR A b B AR, T
SiR HE AVRFAE IS a] 26271 Sl G B B AR A T o B 7

*ERARRERES (HEHES: 12472069, 52271153), PHAL T KA IR SCRIF B4 (HibHES: CX2024012), thEFHMEEAA
FEA TR A B IR AP 2 2 E BB AL N 2Rt (HEHES: S202310699565) B Bl iREL.

t BIE1EE. E-mail: gjczy@nwpu.edu.cn
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

136401-1


http://doi.org/10.7498/aps.74.20250392
https://cstr.cn/32037.14.aps.74.20250392
mailto:qjczy@nwpu.edu.cn
mailto:qjczy@nwpu.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 74, No. 13 (2025) 136401

£ 32 JI AR TE R SIAEAE, AR5 S5 T (s 3l A
FAE AR DA DG 2830, J 2 AR AT B 25 R i
s AR NI, BRSSOt
N P B T e N BRI, A5 B T B R A T
N DB A RS 5 AR S S BN , HE Dh
PP IB RS | LA T T 2R i T AR H]
Erd i ibroe NN

AF B B AR [l HE AW AL AT 2 B 2
RS T, il R, il AR T
AR R 1 B )y B fi s R A R Z R Spae-
pen 2 Y H i ARSI G114 R B 4
O 2R it -5 D FRUBE Sl ) 2 T I R A OG
K. Blétry 45 52 PE— P9 71X —HER, 51 ABREA
LA T AR, K I 2 L5 A5 AL St R Y 3h 255
AR, AT R b, DY U1 X g B A
TSI, 5 AR A S DRI Bk A T &
AR IEEHE, ARTEAILHI S0 T PIRAS | SRR iR
JESFEZ AR M B3 Anand F SulPY £F Mohr-
Coulomb 7 I8 32 7 15 8 SURS 28 PR WiV . Rao
S5 9 g5 G AP AT A E I STZ BRIR i R JE Fl
BTUIHE B, AT DAY S 0 AR S iR AT
N WA, 53T UG R AR, CuZe SRR,
B TP RO S HED L AR A8 1 A k3 e
PRI, X O AR AR S 5 G A BB PR Bt T RO
18 T RATATABIITA R, BN AR T
AR ot 317 SUERL I O = AV K VA LS ST Y TR SN
AR IHEEALRON (EIAE S TPAL) 58 esi 4,
TS A B9 e —20 3, SIA BB 852
K, BT R AR b I T A it 1ok R o R
PR AL A BT BRSBTS TR
WAL AL Y S R, X BRI AR T AL
BT 2B - I AR, 3 M T3 g g ol i
XJXZ [38—41].

ABFERE I A A B3 3 ibERAY La FAE S
Bé, Wl B AT R N AR AR PR
5, 454 H R FREIEHESE, RETHIIRST La JEAE
At 4B e il AR AT O - SR RE A DGR, 1T
A o e T L B2 /IO A A AL R RS R AR
ASTBNE ST FEEPRBR O BE A A7 R E ML,
BRI K 5 A B S 58 R R AT O A
HAR TR AR R 8 2228, hnah i stig 5
e il A ) R IB, A BRI i < v Ry BB - 42 SRy it
B EAEHIBROE TR, R ARG AR i 4

it HE S A SRR B AR RE B

2 LTk

AR =R HA BE 3 54T AR A
GRS Lagy Al 4Agy 34Nijg 530010 s3(at.%) "2, Layg
CeggY 5oNiggAlyg(at. %) LK (Lag 6Cey 1) 65A110Cos
(at. %)M AR R BIF ST 4. (4008 KT 99.5% 1Y
e 21T 2R 3o R IO R EOR TR U LT B
G4, TEAE SR LR R A3 5Pk SR
LS BRI B A A AR L, ROT 2908 1 mm
(FE)E) x0.04 mm (JFE).

A TAE R H  H 8h 25 7127 50 B (dynamic
mechanical analysis, DMA TA850) i =0H#E5Y
JEAR A B IR IR T S B AL Sl A
it 52 728 I (BB R ), A LW AR (BB
1) e 075 5t 0 S 2 A B B R AR D 2 6, 45 2B
A S AR

. Tosin(wt) To

B th—é) = %(Cos6+1sm6),

HAsRgretim B, B hdikeiie B Hi,
o NS AL N ST IBRAEIRE T1, w MAMR, o N
XoF o7 7 AR M 1S L. B N sl 25 12 R % iR
{H} 0.04%, WRSIIHA 1 Hz, THEHHEA 3 K /min,
B SLEORE i A REA . (LAY EIE B rRE =
AEJ)) | FER E (DL AFERE R IMRE ), DL
MR IFE tans (PAFERL L SAHBERI IR Z L), D AR
BRER GG I AR R A 2.5 x 10—1.25x 10 s71;
o7 73 2R Bk BR S 56 R R YU LN 0.92T,—0.95 T, H
T, N o SR IEETER

3 LR EiTE
3.1 FAEMmEE

B 1 s BRI R o T AR S S TR R AN 2
Fy A i B 270k, B 18 LagyAljAgy 34Nijg g3
Coyg.s3 (15N La-1), LagCeyY 2 NigAlyy (5N
La-2) il (Lag6Cey.4)g5A119Cos5 ({15 4 La-3) AF il
& a1 — LN FEBE I — AL iR A AL, o tand,
N o SR NFEIEAE NFEE. YRR T 0.84 T, Y,
B g2 EE B T LAFE B =R La SRR A& a1
R RFER 3ok g g E G ); ik
JER T 0.847T, I, H— Ak N FEAF A I E 2 T
X5 R B SRR B UIAHSC. el A e A Bk

136401-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 74, No. 13 (2025) 136401

SRS T Y R AN AT 1 210 B 5 X, S0 i
PYLERT AR i 5 4 A DB FE AR BE BT, B DR A A
AR b SH R R IE R R E B 5.

1-LagzAl14Ag2.34Nilg.83C010.83 1 Hz, 3 K/min
100 F 2-LaggCezY20NizgAlag
3-(Lag.6Ceq.4)65Al10Co025

3

B

=

5

I

= 1071 F

g

g B relaxation 1

102
0.7 0.8 0.9 1.0
T/T,

Al 1 LagyAl;Agy 3iNijg3C010.83, LaggCeynYooNixAlyy Fl
(Lag,6Ceq.4)e5A110C005 FE i A 42 0 — 1L N FE R IH — TR IR E 19
WAL (BB 1 Hzy FHE A 3 K/min)

Fig. 1. Evolution of the normalized internal friction with
the normalized temperature for LagyAlj;Ags 34Nijg83C010.53,
LagyCeyyYoNigAlyy and  (LaggCegy)gsAljgCos;  metallic
glasses (driving frequency: 1 Hz; heating rate: 3 K/min).
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Fig. 2. Stress-strain curves from tensile strain-rate jump ex-
periments (strain rate ranging from 2.5x10* to 1.25x103 s1)
of (a) LagyAl4Ag,3iNijgs3C010.83, (b) LaggCeanYaNigpAly
and (¢) (LaggCeps)s5Al10C005 metallic glasses at 0.927T,,
0.937,, 0.94T, and 0.957T,, respectively.
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Fig. 3. (a) Evolution of the peak stress with the strain rate during the high-temperature tensile strain-rate jump process of

LayCeqyY9oNipAly, metallic glass (La-2) and the fitting curves based on Eq. (1); (b) evolution of the activation volume at the peak

stress of La-based metallic glasses with the normalized temperature.
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SPECIAL TOPIC—Order tuning in disordered alloys
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Abstract

This study aims to establish the intrinsic link between the high-temperature rheological behavior and
kinetic relaxation characteristics of La-based metallic glasses. By conducting dynamic mechanical analysis and
high-temperature tensile strain-rate jump experiments on three La-based metallic glasses with significant (3
relaxation, and combining the findings within the free volume theory framework, their high-temperature
rheological properties are investigated systematically. The results show that the steady-state flow stress and
activation volume evolution trend are consistent within the normalized temperature range. The average
activation energy for high-temperature rheology aligns with the activation energy range of « relaxation,
confirming the strong association between rheological behavior and « relaxation. The activation energy for (3
relaxation shows an opposite trend, indicating that it may precede a relaxation. A dynamic competition
between defect annihilation and generation governs the rheological behavior, and kinetic parameters reveal the
temperature and strain-rate sensitivity of metallic glasses. This study lays a theoretical foundation for
optimizing the high-temperature mechanical properties of La-based metallic glasses and also provides new
insights into understanding the coupling relationship between multi-scale relaxation behavior and rheological

mechanisms in metallic glasses.
Keywords: metallic glass, high-temperature rheological behavior, relaxation, defect evolution
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