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ABSTRACT The glass forming ability (GFA) of a newly developed Zrso 7CusgNigAl;s 5 alloy can be
improved by minor addition of Gd element, for example, the amorphous alloy Zrsg.7 CusgNigAly2 3 has a
critical diameter of 14 mm, but the alloy added by 1%Gd (atomic fraction), (Zrso.7CuagNigAlia 3)99Gd,
has 16 mm critical diameter. However, the Gd addition decreases the fracture strength and plastic
strain under compressive condition. Meanwhile, with Gd addition increasing, the fracture mode trans-
forms from pure shear to shear with hysterical failure. A combination of vein pattern and nanoscale
corrugations can be clearly observed on the fracture surfaces of the alloys with Gd addition.
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Fig.1 XRD patterns of the as—cast samples of (Zrsg.7-
Cu2gNigAl12.3)100—2Gdz alloys
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diameter of 2 mm (heating rate 20 K/min)
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Table 1 Thermal parameters of the (Zrsg.7Cu2gNigAli2.3)100—2Gdy alloys

x T, K T, K Ti, K AT(=Tx — Tg), K Trg(=Tg/Th) v(= T /(T + Ty))
0 719 799 1142 80 0.630 0.429
0.5 714 794 1118 80 0.639 0.433

1 707 790 1114 83 0.635 0.434
1.5 702 785 1119 83 0.627 0.431

RT3 0.216, 0.157, 0.162 #1 0.182 nm, i
LR Gd MR 0.254 nm, RT3 G &R
ARRMET R, Gd BRESERTHITZRMET
RAF AR B 2% X PR IR0 IR R o0 A, S T
HMTCR Z RIS /NE T Z [BA AR, &6 T &
SR PIET I REHATE R, T 2 6 R BUER
WRIXE, A THAIER & 2R S RE.

Poon 4 221 3t BkIEE S A S RTF TR B, 4 BATH
RIFETHARATCREF MBS & B P, w58 B sy
WHIIEARIR T (REREAET. NR AR T) Bk
PARPAR 574 s R 2 . SX T2 M TR BB A it — 2 B
TR T B R T, (R T AR R
(SREILREIE Su s bpe L B 0] 41 22 i BuRES (L N<p)
T, 2B AR AR BRI OR, 39k S A
JRAY T . IR T2 Gd #inE] Zr-Cu-Ni-Al &4
24 e [T RERE TR FURE B IR 25 1) i B SR 1, Bt 1o 2%
RiyFEE . DTA St 8RR UIE R Gd A, FRIRE
SWAHLMREE Th, UESE T Had Wi R tera s, 5 &
REEMFFIEY) . T, & Gd B2 nl (IR A
TR, P m o e B RE

M2 B R, ISR EI 4 st i Gibbs B
HfEZ AG (AG = AHy — TAS;, H, T HiRE,
AHy F1 ASe 73 BIFTR AR EEAS A [ AR 15 ASFRAR)
B, TR R SRR, S S m R
WA, i P PR B TR A A ks (23], Battezzati

Garronel! gyBF5c LW, Wik 5 S AT 2 0] Y FL A 22
&R A L 2 [RITEE— Y LG &, TE LA
<Lk, BHfEE AG AT —A HECE Bl i 2 H0R
ik

= AI;fmAT — aAH; ?—: + %ln(%)} (1)
K, o FHBIRE, X THEER G, o HWEIEHBET
B 0.8125); Ty 9 & GA (LT ORI, BB ARZRIRIE; T K
BEERIEE;, AT = Ty — T; AHp JiEfels, HIEHR
PR AFRN A AHy K T2 AN ) Gibbs H HigE
£k X (Zrso.7CuggNigAli2.3)100— o Gdy HAAEM G4
AT HTINGR, FTLAIS3] Gibbs [ hREZE 5 AR
(T/Tw) WIFRIZE, WE 4 R, HERT, 2% x=1 B,
e A AR PR R Gibbs H e MR THEIE
i G e Xt Gibbs B HBEZ ML, XEWE LA &M
AR ARTE A% 75 BE R R A A IR R 22 ik B AR, A
A AR AR BT T ARAS AR L S LM, S R
PV T (Zrso.7CugsNigAly2.3)90Gdy G &M B
1= B BT BLRE T SR A
2.2 (Zrso.7Cu2gNigAly23)100-.Gd, FEZEEH

TIEERE

Bl 5 S HAR 2 mm (Zrsg.7CuggNigAli2.3)100—.Gdy
G SN ELEN T - AR, Mg Gd Bty
I, %A 4 R EIVEASTE B8 15 T AR, B AR H LA

AG




246 A = ¢ 5 45 %

R BT YT 2% AR, W O RS A A R A R 2

Al A U1, Il 6a ik TR, X5 BRI TE

RE 7% UIAH G W D A BKCIRAERE, T MEA BRI 5 1L )5 BE

< 3l [ R, & 6a HEEFTR. 2 Gd JTRTING, Ef

% G O REER T BT 1 IXAh, S —AF

g Ll WL 1L X, HEEE Gd S s, Bl 11 XA m Lz

TERG I %, A 6b—d 5. Shen 45 P71 x5,

1+ A4 B R AW R S I R BRI AR 28T R AR, [RIE, BE

% E Gd E g0, B0 T 537 i 5 U1 R s,

oL - - Y AP 6b—d PSR R, XS S AT R

TIT, % 7 (Zrs0.7Cu2sNigAli2.3)100- - Gdy MR G EAIBIZE

Bl 4 (Zrs50.7Cu2sNigAl12.3)100—Gde HMAEF A4 Gibbs IT RAEFEFMPIITES. L (Zrso.7CugsNigAlis 3)99Gdy
H A2 2%

Fig.4 Gibbs free energy difference curves for (Zrsg.7Cuas-
NigAli2.3)100—2Gdsz metallic glasses
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Fig.5 Compressive stress—strain curves for (Zrso.7Cuss-
NigAl12.3)100—2Gd, metallic glass samples with a

diameter of 2 mm
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Fig.6 Compressive fractographs of the amorphous (Zrs0.7Cu2sNigAli12.3)100—2Gdz with =0 (a), z=0.5 (b), z=1

(c) and z=1.5 (d) with a diameter of 2 mm (the insets are the magnified images of shear region I, arrows

indicating shear bands)
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Fig.7 Magnified images of the region II in Fig.6¢c, arrow indicating the core structures of chrysanthemum-like

morphology

(a) the fracture surface at lower magnification

(b) high magnified image of hackle region in Fig.7a

(c) high magnified image of mirror region
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