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Effects of sample sizes on compressive mechanical behaviors of
Mg-based bulk metallic glasses
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(1. School of Aeronautical Manufacturing Engineering, Nanchang Hang Kong University, Nanchang 330063, China;
2. School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 330063, China)

Abstract: The effects of the as-cast diameter and aspect ratio on the compressive deformation behaviors of three
Mg-based MggsCuysGdyg, MgesCuyoNisGdyy and Mg;sNijsGd,g bulk metallic glasses (BMGs) were investigated. The
mechanism for the transition of fracture modes of Mg-based BMGs was also discussed. The results from the stress—
strain curves and fracture morphologies observed using scanning electron microscope (SEM) show that these Mg-based
BMGs can fail at three different deformation stages under compression. The first stage is within the elastic regime, where
the BMGs fail in a cleavage mode without plasticity. The second stage is in the range where the BMGs fail in the
cleavage mode combining with the shear mode with a certain plastic deformation. The third stage means the serrated
plastic deformation. In this stage, the BMGs fail in a pure shear mode after the obvious plastic serration. The fracture
modes of these Mg-based BMGs are correlated with the sizes of the samples. Decreasing both the as-cast diameter and
aspect ratio of the sample can favor the transition from the cleavage fracture to the shear fracture, resulting in higher
strength and larger plasticity for the Mg-based BMGs.
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Fig.1 Compressive stress—strain curves of d 2 mmX4 mm
MgesCuasGdyg, MgesCuyNisGdyy and MgzsNisGdyy  glassy
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Fig.2 Compressive fracture morphologies of d 2 mm X4 mm MggsCuysGdjg (a), MgesCusygNisGd,g (b) and Mg;sNi;sGdj (c) glassy

rods
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Fig.3 SEM images of fracture surface of
d 2 mm X4 mm MggsCuysGd glassy rod:
(a) Fracture surface; (b), (c¢) Enlarged

images in (a)
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Fig.5 Compressive stress—strain curves of d 1 mmX2 mm
MgesCuysGdyg, MggsCuaNisGdyy and MgysNijsGdy glassy
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Fig.6 SEM images of fracture surface of d 1 mmX2 mm MggsCuyNisGd;, glassy rods: (a) Fracture morphology; (b) Fracture
surface; (c), (d) Enlarged image in (b)

(2)

B 7 d1mmX2mmMg;NisGd,, 4% BEErREEs
Fig.7 SEM images of fracture morphologies of d 1 mm X2 mm Mg7sNi;sGd;o glassy rods: (a) Fractured sample; (b) Lateral surface;
(c) Fracture surface; (d) Enlarged image in (c)



F21 3

T4, A WORE RO BRE R R IR T 4 03 24 AT D 1R 52 ) 593

MR BTUI , Wl 7o) AL FEL TR, 14E d 2 mm
W AT iR IR (UL T 2(e)) A WL Ak 22 1 B D) o 1X 4R
W, d 1 mm BJEBIE C (LML BIRA T KETIY)
RAPEAS, AR T d2 mm PR, W
ANFIPE SRR RS AT 9%, RIPEYEAF A2 R R

23 d2mmX1 mm RFE

RN 0.5 B d 2 mmX1 mm FES SRR
M2 1 d2mmX4mmAld 1l mmX2mm £
i T T7 AT A ] S TR ZA L d 2 mm X 1 mm
FEdh, —J71H, SRR S B D) 9 e BAT 9 A1)
BRAGIVEF, I aT 0B D) (¥ JAad e, S —
D7, HSR SRR A Rt B AT AR, i
5 7 00 b PR 00 1ea) A R RTASEAE ot A T = ) B T RS
), fF — e R T A E 2 GO B D)3 (K T A A
PR XN #E I E d 2 mmX 1 mm FE S
1 s 455 78 T o R 3 Tt S TR S A B v R B 1) W v
(RITE 1k o

Kl 8 Frashy 3 Rt i Sk < g 58 A B A1 C
d 2 mmX1 mm Ffab 4N ) —N AR g MK
8 AIER: 3 FhHuiAS: 8 B A I T W ) e IR
%, JFHAREMBE N FALT 5 5 d2 mmX4 mm,

d 1 mmX2mm FEEAHEE, d2 mm X 1 mm £ 598 1
NARWT R, 3 FiUAS B AL B A C 28
NAE G A E] 0.9 %, 6.1 % FIKT 10%.

Kl 9 Fink d2 mmX1 mm SBIHE A KR
B, WidESn S IR M R AR — i K&

2000
< 1600+
a
S
ﬁ 1200
o0
=
‘5 800
g AlB
g
= L A— MggsCu,sGd,g
| 400 B — MgsscgzoNisGdlo
¢ — Mg;sNisGd,
| 1 | |
0 10 20 30 40 50

Engineering strain/%

8 d2 mmX1 mm MggCuysGdygn MgssCuyNisGdyo FlI
Mg;sNi;sGdyo 4827 I3 K s 48 1 ) — AR il 2

Fig.8 Compressive stress—strain curves of d 2 mm X1 mm
MgesCuysGdig, MgesCuyNisGdyy and MgysNijsGdy  glassy

rods
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Fig.9 SEM images of fracture surface of d 2 mm X1 mm MggsCuysGd, glassy rods: (a) Upper surface; (b) Enlarged image in (a)

with inset showing enlarged image marked by arrow; (c) Lateral surface
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Fig.10 SEM image of d 2 mm X1 mm Mg;sNi;sGd;, glassy
rod deformed by 25% plastic strain
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Fig.11 Schematic illustration of compressive stress—strain

curve of typical BMG
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