o538 4 510
2009 10 H

mARERMBSTIE

RARE METAL MATERIALS AND ENGINEERING

Vol.38, No.10
October 2009

imE X Cusg1ZrasoAls BLIRIER S S % 1ERE
541989 22

(CRES TR, I

F, & B, & W

ORI 116024)

W OE. FIEA NP RAEEVIR TN B 3 mm 1 CussiZrssoAls YOk AR S & S rE R AR S I . 25 R
FMT s 0 AN [ R R D TR) 5P RE S B M AR A DA I 3 AN B IR T B AR Y, SRk . (K
T 150 CRy, fJRE. PR A AL AT B SR P RE AL HAE 150 C~BIEH AR, JR T AWK ATk
RS KRR, KB R A R AR, AR E R, R P A8 B T e S . N AT
e E A B CuroZe, MITE K, HAEBEIH AR EMIT (490 C) sfdkfabaa Frbait: @i i mim g, B I
reys SRPEPERELRSERE N, BROKIEA) CuioZry AHELSE, A D28 i CusZs AHAZ o U AT SR PE P RE 15 S 4 4 R S i 5 ) ol

PRI T 57 P BEBR e LA e 23 B AR TR TR 3 8 3 A G

KRB PR A S, S50 Dol Rk, wrtviee; Wi

REESES: TGI39'8 HERFRIRED: A

NEHS: 1002-185X(2009)10-1835-04

Fi N T WARES ARG 5 P S A )
FAEFMRKP AR ZE, EUEMET, LRERA 4
Ry 2t 2 1 28 A5 1) B ) A AR A AR o R e A )
M, AR rEReRIAERtz G, Bk, KAEmES
VER—Fpad AR, Sl sl A A, SR Lk
RE A I PR 7 RS sl [ A o i, RSBk L AR
B AR A A e RINDA 20 S AR BE R, 1T DUORTS &
o RE (R BT AR T AR WE ST Zey TisCuys s-
NijgoBeorss M BE I A L FE RS, 8 0 WAL BT A
E/G/HV 53 SIBINT 25%~40%, AR R N 4%, %
FEALHE N 1% o M3 70 USG5 5% T 30 35 38 e 74 Ui J3 R 3 i
R FEXT Ze FEPRAE G S AL RE I, fR
HH s T AL BRI B AR 2x 5 RS d A A I A AL
T A 3T 35 3 2 A ¥ P P PR B D n ok, JEAR & 51k
B S5 () AL N 4 U AR P 3 K B 4 e B T LA B
FETE BCRE ) B BF 1) Ze BEAE Gl G 4 JGV LU A0 1) v i
JEE R — 5 (R HE DO, H T 9% A T R )
PAZ AR dib A 4 1R e A0 31 ) 2% DLt A6 P 66 53 el 1)
WEFEAGEIRN, DRk, AHIE S0 A 08 4 15 11 2%
Jﬁﬁ\y‘] Cusg,lzl‘ssgAllo\ Eﬁé%} 3 mm H@%@%ﬁ%’[ﬂj'iﬂ%l
A 4B K AR 150, 300, 450, 490, 515, 535, 580 C
YRR 1 h, BEYAHIE R R K KR R

YaFs HER: 2008-11-20
E£WH: HxA/BEESE (50271012) %)

TRIERE S B BB, KA v B AR AR K 5
REVESLRE S (K SR PEPERE s 45 67 XRD il 4k 0 #7 JF HLE
MR R AR R A AR R, D B R BR AR 5 4
(e — DA R PR 7 ) 2

=

1 L I§

A AR DR H HL I 7 2 ) 6 2 BE S
4 Cusg 1 Zr3soAlg, JEUEHRAEE 435]28 Cu 99.99%, Zr
99.9%, Al99.999%. {4 dh £ Wit &a4r, 1
oy e S VRS A ik A iy L R &6 L
BN 3 mm A S, JLAMRIN 2P0 AR A R
)G E WV BE IR RFAIE o J8F I BE 5 0 1 20 PR B 15 < s 1)
WA ZHF-500 L AE A FE S0 FLOIYT .

DSC R4 1 Mettler DSC822e % 7n 4 & AL 58
B INFAGEEEEL 0.33 K/s. FIH DSC 2k b s B
Ak I BE T AR T, (T,=487 'C) R I 46
g T(T=526 C).

WE s B T ES AR gy, —IFE TR
B (FSIRREE N +£2.5 °C), NG R
/A, fE 150, 300, 450, 490, 515, 535, 580 °C 4%l
Rl 1 h, SRJEREY A 2 .

MR A7 QA i (E) s BY DI & ((G) 55 AR R

TEZENY: 2 W, &, 1969 4, Wit, FIBEE, KEH T REMEERSES TS, 07 K& 116024, Hif: 0411-84706787,

E-mail: liping69@dlut.edu.cn



* 1836

Wity @A RS TR

%38 4%

HKVE N R B 22 PR R AR b S8, e T
PR IS T 45 5 T RN o WA 28 i (1 P 2 P
W, & PR AR 2 NS SR O
%D C44’ Ji*q:' C“:lez ’ C44=stz ’ Eﬂﬂﬂ%/ﬁiﬁﬁﬁ/ﬁi?ﬁ
AT DU 2 IX AN SRR K, IR R B8 ) S P RE SR A
AR LR R R e e e

E= C4s(3C11~4Cus)/(C11—Cay) (D
K= C”—§C44 (2
G=Cyy=pV} (3)
= Gum2Cu (4
2(C, -C,)

Kb Vi Vo MR PR R H T

AHIEFUR 8 75 7K R AR I A AN TR Gl T
A s B B PR e A P T, T B R A E RS
M RE, P ~4) H SRR G S R 2 gt
RGN

2 FREITE

2.1 BRUSEMIEREEEHNTITE

¥ CusgiZrisoAls JE SR & S HEANFREHITIE
KA, I XRD WEZWE 1 fion. fE T,UA, &4
Pk AE A BEERE SR 515 °C (T T, A T, Z A
WD, XRD 73 #r & WA EAARAH CuyoZey M7t dk2E42
IR KR E R 535 C R IGIEE T,=526 'C), T
1%&% 1 h, Efﬂﬁ,{%j{iﬂ@ CuyZr; *H*ﬁxﬂ%y J\T_‘ﬁ’/l\i
() CusZrs A .o
2.2 BEMPIKAIERESE Cus ZrisiAly BE . FHiR

NaRedi d=g:0pA

o B S 56 7 VR & JF T BT Cusg 1 Ziss oAl A B 42
TE AR A ) AR AR IR, R PR AR IR A
KA PEFRAR AR B 2~4 PR .

S

u Cu,oZr;
® CugZr; 580 C
! Jud D "
LI .. L0, T T 0 TP
\i " RN
£ i MM
= ; i 150 C
Q e ctaniall w% b " )
' ‘ 150 C
20 40 60 80 100
20/(°)

Bl 1 AFENRE R CussiZrssoAls AR E 5 &4 XRD Kl
Fig.1 XRD patterns of Cuss 1Zr3s9Als bulk amorphous alloys

at different temperatures

2 Je W T S IR KR AR S . AR N A
(150 "CUAW) I, JEHISARM, BEEEmetE— 2Tt
s B PE R E BN A T IR AR P PR A B 5
ko FERA SRR, SN 1%/ 4.

B 3 iR T 3R IR SR R P I R o B T
BEIE PR 7P S A PRI PR, BRI BE Ty, ol 75 3
L R, HAROR I v AR I R 1 AL
e, X5 SCRR3]H IS AT LA

S A A A [ AR R T T A2 fiE g (1 ) B
, BT ES E e S M EAER T, RARIEA

7.70 .
1

7.68t P!
1

7,66} “J’\
Do
1
1
1
1
1
1
1
1
1
1
1

"= 7.64}
o
&0 L
2762
7.60
7.58F
7.56
0 100 200 300 400 500 600
7°C

2 PSRN

Fig.2 Correlation curve between temperature and density
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Effect of Temperature on Elastic Property and Microstructure
of Cusg 1Zr359Als Bulk Metallic Glasses

Li Ping, Hao Jingyan, Tan Jialong, Wang Qing, Dong Chuang, Li Li
(Dalian University of Technology, Dalian 116024, China)

Abstract: Cusg Zr3s9Als bulk metallic glass bars with a diameter of 3 mm were prepared by copper mould suction casting. The effects of
temperature on the elastic property and microstructure of the alloy were studied. The results show that the changes of the elastic property
and microstructure can be divided into three stages corresponding to different temperature regions. Below the glass transition temperature
T,, the structural relaxation occurred. In the temperature range from 7yoom to 150 °C, the structure transition is local and short-range, so the
elastic properties only change slightly. However, in the temperature range from 150 ‘C to T, because the intermediate-range and
long-range atomic diffusion take place with aggregation and rearranging under the sufficient condition, the excess free volume is removed,
and thus the elastic properties are improved greatly with the increase of temperature. Within the super-cool liquid regions, from 7, to the
onset crystallization temperature 7, the new phase Cu;oZr; forms while the elastic properties decrease a little near 7, (490 C). Above Ty,
the elastic properties increase further with increasing of temperature, and the small amount of CusZr; phases form besides a large amount
of CuyoZr7. The temperature has a considerable effect on the elastic property and microstructure of Cuss ;Zr3s 9Als bulk metallic glasses. The
effect is closely related to the large decrease of the free volume, the improvement of the atom order degree and the formation of separation
phases.

Key words: bulk metallic glasses; structure relaxation; pulse focus method; elastic property; crystallization

Biography: Li Ping, Master, Associate Professor, Department of Materials Science and Technology, Dalian University of Technology,

Dalian 116024, P. R. China, Tel: 0086-411-84706787, E-mail: liping69@dlut.edu.cn



