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ABSTRACT: Industrial-grade Zryo 7 Ti,Cu37 Al oEry s bulk metallic glasses (BMGs) possess poor plastic deformation ability due
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to the effect of impurity elements in the raw materials and oxygen elements from the preparation processing. This paper aims to
study the effect of the laser surface treatment (LSM) on the microstructure and the plasticity of industrial-grade
Zr497TiyCusz73Al10Erg s BMGs. The master alloy ingots were prepared by arc-melting with low-purity raw materials. The
industrial-grade Zry;Ti;Cus75Al0Ergs BMG specimens were prepared by copper mold casting method in a low vacuum
environment, and then the specimens were treated by LSM under different parameters. The compressive and tensile properties of
the laser treated specimens were investigated with a universal testing machine. The microstructure of the specimens before and
after the LSM was characterized with an X-ray diffractometer and an electron microprobe. The morphology of the specimens
after the deformation was observed with a scanning electron microscopy (SEM). It was found that the depth of the affected zone
induced by the LSM was about 150 um. The content of copper element dropped in the affected zone compared with the nominal
composition. Notably, the laser-affected zone in the near surface and the unaffected zone in the middle of the specimen still
exhibited amorphous structure. Before the LSM, the compressive plasticity of the industrial grade Zryg7Ti,Cuz7 Al oErgs BMG
was nearly zero, and the fracture strength was 1 534 MPa. After the LSM, the compressive plastic strain was 1% with the
yielding strength 1 478 MPa and the fracture strength 1 562 MPa. The SEM observation demonstrated that there existed
numerous shear bands on the laser-treated specimens while it was hard to detect shear bands on the specimens without LSM.
The appearance of the shear bands further proved the plastic deformation on the laser-treated specimens. Additionally, the
fracture surfaces of all the specimens possessed vein-like patterns typical of BMGs, and the angle between the fracture surface
and the loading direction was less than 45°, indicating that the shear failure mode was not affected by the LSM. On the other
hand, under the tensile condition, the plastic strain of the specimens before and after the LSM was zero, and there was no
obvious change in the fracture strength (1 390 MPa). It was known that the LSM produced the residual stress and the change of
amorphous composition. During the loading, the combination of the residual stress and the external stress induced the stress
concentration and stress gradient which facilitated the formation of the shear band and prevented its propagation. The difference
in amorphous composition lead to the different characteristics of shear bands and intensified the interaction of shear bands.
Based on the experimental results, it is confirmed that the LSM can effectively improve the compressive plasticity of the
industrial-grade Zryo 7 Ti,Cus73Al;oErgs BMG. Nevertheless, the existence of oxygen and erbium elements are detrimental to the
inherent plastic deformability of the industrial-grade Zryg,Ti,Cus73Al10Ergs BMG. Accordingly, the compositional change and
the residual stress at the present scale cannot counteract the effect of the tensile normal stress on the crack initiation.

KEY WORDS: industrial-grade bulk metallic glass; laser surface treatment; plastic deformation; fracture strength; shear bands

B AR fh A R i I T ST T R [RT
EGERS A A S FERE ) TEE G MR R T,
el A I RV B ik I TBEN | BT ol DR
PEASIE ph B O 24 i TR R AL 18 B R
ANTARAE S AT B S Sy, B DLAR dh A < i 5 B e
FARL AP RIEREERY 2~4 511, HufkdR G S7Em
Tl S RS, HAE Sk Az,
JEN AR RRAL , T T e R A B B DA A
AR i 4 P AE BERE AT AL BT VA 9 R 45
t, BYUITET AR PR, O R Ra A e,
JiF AR i 4 B R 1 s P21 [
S B AR BIASE A Bt A
TR0 e Ak B4 Ty SR HE B DAY (1
A, SEBUHEBPEARTE RE T BT T

B IR BN PR AR i A B A TR S R AR Y
B, SR T AR B o i A AR Al ORI 5 S A
AR L2 A PR R i s AR i B B 27 Nz
— BB R SRR B, MO AL B
SRR 2 W F PR AR B & 6 1O ST I AE

Ty RIBPE A B S04 DR A AR S I e
et &R 8940 Tolk AR AE & A 4 BB TR BE T Y
TRHEAR,

PO 3R T ALk TR A T 4 ek 3R 1T AT PR n AR R
RH, SRR m A AR PR LA BFE &
B, A AL BT AT DL SE B AR T 2 Re A ek
2733920 R, O R A EER 2 6 A R s Ak
P07, RIEM B ABRFE . OGRS EERE A 4K
SEIHARIE A A rh Z BT Ul I B, 2T S0
BELRS 35 VI A9 , 2 LU PR AR T fif 1273133444
X R s Tl Btk gl A 4 W SR AR T g ) $R it
TR,

25 LRTIR , TEH sk B b 5] AR 2% e R 4T
RHFEA T R ARE A 4 A E B
RS2 e ol e B AR dE 5 & SR TE N . SCHeig
o7 P vl 200 B RV 2R AE S R R, SRR AEAIR A 4%
BT & EA 10 mm JE&IB BCBE 0 B Tk 9%
Zr497TisCus7 gAl oErg s BURAE i & 4, 1 HAE Al
PRE, FRGEATIEOE R AL BEXS ) A RE B 52



- 168 - *z m B R

2024 4F- 3 H

LU B g JL 2B, et i R B =ik | AW
FH T A A AR 1 Y TE T

1 K

ZTWHSEEREENEB LR H
Zr497TisCus7 3Al oErg s ( JRFE5340 ), f U 4 8 AN
TR ERAE R S RE , 2R B & i a1 R o ARBE AR
YO, PRECA R RO, R A H AR H OB B0
NEW-MO04C 7 BL25 sl R b b, R R E v X2
EHTREIEF 10 mPa WESZM, ZEHEA
0.05 MPa fREEE T (i 8L 99.9% ), KK 4
W, KBEEsMPr R R, RAEEE 4. X Bl s

JEAk, 35 B YR B IS R I A I 2 R A A i
PAFHREE RAST 9 T 9 Zrgg 1TioCusy sAlyoErg s B A

E [T R

KKl Nd:YAG BOGE xR T O &
AbEE K Tl g Zr49.7Ti,Cuszy gAljoErg s HefkdE
M e A E T AW AR, AR T S 6
1064 nm FOERA R 4FiE SR A S0, 78 TARK
PR FTEAMRAEE S, WK 16 Fin, @i TS
Bl A, ORI Jrm
DB A TR . TEBOCR AL I R, [ 5E HO bk
MTEE R 1 ms, HBEEHEBERN 0.8 mm, IR N
8 Hz, i ief i A8 SO D) 52 28 88 AR 4 4k X AR i

BEEE I RA A A RE (IR o ), Mgy AR BURRLATARIR, sR 3 IS AEREEEY
SRS R WRIR B TRIF O M A e, e 055 Um’, SRy 100 mm/ming §E by
10 Pa i TP SR 40 F L A 0.05 MPa figfifal 055 Jm®, FIHHEy 150 mm/min; fE ft % 5
W, TR R I, KA A RS 4 0.440m’, FIREEE H 250 mm/min,
F1 BRIEMEHEKOR S
Tab.1 Composition of sponge Zr and sponge Ti
Mass fraction/%
Elements
Zr+Hf Ti (0] Mg Cr Mn Si C Cl Bal.
Sponge Zr =994 0.005 0.10 0.06 0.02 0.01 0.01 0.05 0.13 <0.215
Sponge Ti 99.6 0.08 0.07 0.01 0.03 0.03 0.08 <0.1
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Fig.1 Schematic diagram for manufacture of laser-treated industrial-grade BMGs:
a) BMGs prepared by copper mold casting; b) BMGs treated by laser
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Fig.2 Dimensions of tension specimen of industrial-grade
Zry9 7Ti5Cus7 3Al10Erg s BMGs
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Fig.3 XRD patterns of industrial-grade Zr,9 ;T1,Cus; gAljgErg s BMGs before and after laser treatment under
different parameters: a) surface of specimen; b) cross-section of core
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Fig.4 BSE images of industrial-grade Zry9 ;Ti,Cus; gAloErg s BMGs after LSM and master ingots: a) 100 mm/min;
b) 150 mm/min; ¢) 250 mm/min; d) enlarged image of 100 mm/min; e) master alloy
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Fig.5 Representative stress-strain curves of as-cast and laser-treated industrial-grade Zryo ;Ti,Cus7 gAljoErg s BMGs:
a) compressive stress-strain curves; b) tensile stress-train curves
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Tab.3 Compressive and tensile mechanical properties of
industrial-grade Zr 497Ti>Cus7gAl10Ergs BMGs

Scanning Compression Tension
speed  5¢/MPa of/MPa £/% o'/MPa o/MPa &b/%
As-cast 1457 1534 02 1394 0
100 mm/min 1337 1562 1 1332 0
150 mm/min 1460 1527 0.2 1411 0
250 mm/min 1317 1487 0.5 0

Note:o and ¢ indicate the strength and strain, respectively.
The superscript ¢ and t indicate the compression and tension,
respectively. The subscript y, f and p indicate the yielding
strength, fracture strength and plastic deformation, respectively.
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Fig.6 Side and section morphologies of compressive cracking before and after laser treatment:
a) as-cast specimen; b) 100 mm/min; ¢) 150 mm/min; d) 250 mm/min
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