53 5 204 5 Vol.53 No.5 May 2004
1000-3290/2004/53 05 /1440-05 ACTA PHYSICA SINICA (©2004 Chin. Phys. Soc.

! 066004
2 100080
2003 6 6 2003 8 1

25:1 Zry; Tiyy Cuyp 5 Nijg Bey, 5

PACC 6140D 8140L 6570

1. 1 K/s
1960 Duwez : Augs
Siys
g 15
10° K/s
TX
9 10
90
Zry; Tiyy Cuyy 5 Nig Bey, 5
2.
1 .1993 Zx,, Tiy, Cuy, s Nij Bey, 5 Zr Ti Cu
Johnson 12 Z1TiCuNiBe Ni Be Ti
1.9 GPa
2%
NiCr — NiAl
% 50171059 503278

"E-mail riping@ysu. edu. cn 0335-8064504 O 8055374 H .



1441

5 Z/r
Formastor-F 1800
$3 x 10 mm 3 K/min. D,,-R;
800 I
X Ka
_600F ¢ BALE
3. 5
Ka)
5 400
/ry, %
Tiy4 Cuy, 5 Nijg Bey, s 200 |
mm 20 mm 25:1.
of a WK
2 a 1 20 . 40 60 80
< 20/(°)
X
2 X
ab Zr;; Tiy, Cuyy 5 Nijg
Bey, 5 4
8 mm 21 mm

4
1 Zry Tiyy Cuypy 5 Nijg Bey, 5 100
20mm 50mm X
Ir
16 17 7r
18 P
N
=
g
T, ¥
-60 f L ! 1
100 200 300 400 500
HwE/C
3
71y Tiyy Cuyy 5 Nijg Bey, 3 Ziy Tijy Cups 5 Nijg Be
3 a
ab 5
b .ab

360°C  445°C. a HV 600 . 200—300 C 2.5h



53

1442
. 0—300 C
9.26 x 107°°C ™"
0—200°C 9.26 x
10°°C™
12
3
?2
I
o
W%
4 8mm 21mm §
7141 Tigs Cuyy s NijgBey, s
4100 I léO ‘ 2(1)0 . 2%0 I 300
300°C WwE/C
800
6 Zry Tiyy Cuyy s Nijg Bex 5 1
700 F 2 3
z 600F %///{\{
= 2 b
= 500 |
X
400
. DSC T, T,
400 . . - 293°C  452C. T,
0 100 200 300
B/ C
5 Zry Tijy Cuyp sNijgBey 5 2.5h 1
6 Zry Tiy, Cuyy 5 Nijy Bey, 5
0—200°C
9.26 x 107°C™".
200°C .200—300°C
7.39x107°C™"  0—200C
20.2% .
0—300°C 9.10 x o
10°%°C ! 0—200°C
9.26 x 107°C ™!

T 500°C

X

22



Liu R P et al 1997 Appl. Phys. Lett. 71 64

7r 1443
300°C
Zrss Cuyy Al Nig 200°C
6.85 6.82  6.83Mg/m’ " .
200—300°C
. 7
10020
300°C 200°C 2.5h
—O— 200CiBk 300C
10015 - —O— 200°C TRk
300°C B X
—D— 300°CRA 300C
g 10010 |
i I
S
<
2
K 10005 2
D\‘:’W—— ol
10000 |
9995 I Il 1 It L L
0.0 0.5 1.0 1.5 2.0 2.5 2
WH/b 25:1  Zn, Ti, Cupy <Niyg Bey <
7
Ts:
7 200 C
200C 2.5h  300°C 2.5h
Zry Tiyy Cuyy 5 Niyy Bey, 5 Tg
200C .300 C
Klement W Wilens R H and Duwez P 1960 Nature 187 869 8 LiG Sun LL Liu R P and Wang W K 2002 Chin. Phys. Lett.
Li Z et al 2003 Acta Phys. Sin. 52 652 in Chinese 19 1148
2003 52 652 9 Chen H S 1974 Acta Met . 22 1505
Liu R P et al 1998 Acta Phys. Sin. 471572 in Chinese 10 Bagley B G and DiSalvo F J 1973 Amorphous magnetism  New
1998 47 1572 York Plenum pl43
) 11 Inoue A 1998 Bulk Amorphous Alloys Swiizerland Trans. Tech.
LuRP ZhouZH Sun LL ZhaoJH Zhang XY He D W N
Pub. p7
QinZ C Xu Y F and Wang W K 1999 Mater. Sci. Eng. A 264 o
167 12 Perker A and Johnson W L 1993 Apps. Phys. Leit. 63 2342
13 ZhangY ZhaoDQ Wei BC Wen P Pan M X and Wang W H
Liu RP et al 1999 Sci. in China A 42 74 2001 J. Mater. Res. 16 1675
Liu RP Zhao JH ZhangXY HeDW SunLL QinZC Xu 14 Ishihara S and Inoue A 2001 Mater. Trans. 42 1517
Y Fand Wang W K 1998 J. Mater. Sci. 33 2679 15 Nieh T G Wadsworth ] Liu CT Ohkubo T and Hirotsu Y 2001

Acta Mater . 49 2887



1444 53

16 Bruck H A Rosakis A J and Johnson W L 1996 J. Mater. Res. Willnecker R and Fecht H J 1997 Mate. Sci. Eng. A 226 434
112 503 21 Nagel C Ratzke K Schmidtke E and Faupel F 1999 Phys. Rev. B

17 Wright W] Saha R and Nix W D 2001 Mater. Trans. 42 642 60 9212

18 Conner R D Dandlike R B and Johnson W L. 1998 Acta . Mater . 46 22 HuX NgSC FengY PandLi Y2001 Phys. Rev. B 64 172201
6089 23 WangLM LG ZhanZ] Sun L L and Wang W K 2001 Philo

19  JingQ LiuRP LiGand Wang W K 2003 Scripta Mater . 49 111 Magazine Lett . 81 419

20 Wilde G Klose S G Soellner W Gorler G P Jeropoulos K

Thermal expansion and super-plasticity of
Zr-based bulk amorphous alloy *

Jing Qin'  Liu Ri-Ping' ©  Shao Guang-Jie' =~ Wang Wen-Kui' 2
Key Laboratory of Metastable Materials Science and Technology — Yanshan University (Qinghuangdao 066004 China
2 Institute of Physics ~ Chinese Academy of Sciences  Beijing 100080 China

1

Received 6 June 2003  revised manuscript received 1 August 2003

Abstract
71y Tiyy Cuyy 5 Nijg Bey, 5 bulk amorphous alloy rods with an aspect ratio of 25 :1 were prepared. Thermal expansion
coefficient of the alloy was measured. The effects of structural relaxation on hardness and thermal expansion coefficient of the
amorphous alloy are studied. A suitable temperature range for super — plastic deformation of the bulk metallic glass is determined

by thermal expansion experiments.
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