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Fig. 1 DSC curve of Zr65A17,5Ni1()CU17,5

amorphous alloy
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Fig.2 TEM bright field image of amorphous
alloy annealed at 710 K

Bl 3(b) PFrom A i 4 X A7 ) 5% & H AL
LRI P AH A B AT, 5 S PR R B AT s v &
PRGE . AL ORI R I B — & B4, R
R AR. XEREHTHED R ay
KAE AR TE BLBE 776 4 A IR L dt A A A R s L
G R e,

[k 22 760 K [RFF & XA DSCfh 28 A i 28 —
ARG 1), &b R S AN AR )
W B4 PR R AN X, &0k
DXAT S FEEC B KA BTG E 5, O3 B 0k #4142
tPAH, WX E—AANHM P (a= 0.781 1
nm, c¢= 0.332 9 nm), A5 Pearson Handbook!®!
H ALNiZrg#H (S. G. P62 m, a= 0.792 nm, c= 0.
334 nm) SRS B Z AR . B 4 I B 2

hP? 1 5 tP M LA BB & . tP A 7E BRIE B T KB
5 710 K [FIKRAHEG CO0H B AR, 25 ok [a) 2 AH
HERFMEAHF . KK P M5 hp? M EHH
RS, HAHERZS .

FEIXANRFE P RIFEWER ST o A1, HLTESan K
507 . 5 710 K [ KG BE T ) o1 AH (K 2) AH L,
ZAA A B R RESHRE, K2 BRSS9
A, BB SERK, Rk . B
5 REARERERTES, 7T LU W09 E 21402 A
— I RURORE R R TEAZ K K OB detR 1 . A rprmT
DG H, EFH KRG XA B2 5530 .
tL FTE AN H BT A AR 2 b n] DUGIGE,  E
Ak 2] 760 K, 1 gk 28\ 21 HE 2% 1 AR K B

75 760 K [FIKAES R, FRATE LI T 55 —7< 5 A
hP*(a= 0.323 3 nm , c= 0.510 3 nm), AR o Zr #H
(S.G. P63/ mme, a= 0.323 2 nm, ¢= 0.514 7 nm)
s B ZEAK, B SIE 6 fiw, B KH
MG X kO WP A, ERERI TN WP A, N
FNOTAR o TRIRE, S0F b XA 38 X AT A R T
Wk R, B 7(a) Pros bR W =& 4w %R IATH
Tl o AN A B AR 2 B R A S R R K B AT
BHBE AR WP M, /N T B AT S BT A0SR hP?
FH, BT B B AL 1) 96 FR R [ 113]4wp? Il [ 001] 4,
(141) 1 Il (210) pp*

VR HLZ BB AT 17 9C ZR 73 AR HL P AH 5 ik
AT i A 8 7(b), 5 SEBR1R B 25 RAF S ARGE .

AT RUFES BTN g R et A 2
AR T, 6 12 il BE B KR i EAT T X 4 AT o

3
Fig. 3

(black point and white point correspond to the diffraction pattern of tI and tP phase respectively)

EDP on orientation relationship between tl and tP(a) and indexing of EDP(b)
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Fig. 4 TEM morphology of 760 K annealed

amorphous alloy
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Fig. 5 TEM morphology of tI phase in 760 K

annealed amorphous alloy
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Fig. 6 TEM morphology of hP? and hP® in 760 K

annealed amorphous alloy
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Fig.7 EDP of orientation relationship between hP? and th( a) and indexing of EDP(b)

(black point and white point correspond to the diffraction pattern of hP? and hP? phase respectively)
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Fig. 8 XRD pattern of 760 K annealed
amorphous alloy
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Table 1 Lattice constants of phases in ZrgsAl; sNijgCuj7. s alloy (unite: nm)

Crystalline phases Lattice type a b ¢ Composition!” State of specimen
0A A-centered orthorhombic 0.8 561  0.326 8  1.077 8  Zre7.0Al1 7Nig. 4Cun. o As cast
Group 1  tFZr(Cu, Ni)  Bodycentered tetragonal ~ 0.3213  0.3213 11154  Zrey oAl 7Nis +Cuzn.o Agca;:ollo K,
hPS'O'Zr(;m Ni Primitive hexagonal 0.3233 0.3233 0.5103 — 760 K
hP! Primitive hexagonal 0.783 2 0.783 2 0.663 6 Zres.4Ali17Ni11.6Cuii.3 As cast
oP Primitive orthorhombic 0.8210 1.3870 0.3315 Zres.4AlLi 7Nii 6Cuir.3 As cast
Growp 2 tP-Zr3AlL Primitive tetragonal 0.763 0 0.763 0 0.699 8 = 710 K, 760 K
hP* AL NiZrg Primitive hexagonal 0.781 1 0.781 1 0.3329 Zres.4Ali1.7Ni11.6Cuii 3 As cast, 760 K
Phase compositions listed in the table are cited from Ref. [ 7]. The mark “ - ” indicates the absence of compositions testing result in the

experiments.
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TEM study of crystallization of ZresAly, sNijpCui7. s bulk amorphous

LEI Yi" ?>, WANG Yingmin', DONG Chuang', HEI Zukun’
(1. Department of Materials Science and Engineering, Dalian U niversity of Technology,
Dalian 116024, China;
2. Laboratoire de Science et Génie des M atériaux M étalliques, UM R CNRS 7584,
INPL, Ecole des Mines, Parc de Saurupt, F- 54042 Nancy cedex, France;
3. Institute of Materials & Technology, Dalian Maritime U niversity, Dalian 116026, China)

[ Abstract] The crystallization process of the ZrgsAly sNijgCu;7 s bulk amorphous alloy was studied by TEM. It is found that the
phases appeared in various stages of the crystallization process are different. At 710 K, it is found to consist mainly of tI-CuZr, and
tP- AlyZr; phase, between which a definite orientation relationship is found: [ 010] Il [010]p, (103) !l (202),p. At 760 K, in addr
tion to the above two phases, hP*>Al,NiZrs and hP*a Zr phases are found, between which there exists another orientation relation-
ship: [ 113]pp2 Il [001]p®, (141) 2 I (210),p°. Based on the analogue of lattice constants between these crystallized phases, they
can be divided into two groups: one contains tI, oC, hP? and another includes tP, hP', hP?. Phases in both of the two groups are Zr-
based, while the former is Cu- and Nrrich and the later is AFrich. The phases determined by TEM are in good agreement with the
XRD experimental result.

[ Key words] bulk amorphous alloy; crystallized phase; orientation relationship; transmission electron microscopy
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