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Crystallization Behavior of Heat-Affected Zone by Laser Remelting
Bulk Metallic Glass Zr;; Al Ni; Cus,
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( State Key Laboratory of Solidification Processing, Northwest Polytechnical University, Xi'an, Shaanxi 710072, China)
2 School of Materials Science and Engineering, Shanghai Jiaotong University, Shanghai 200240, China

Abstract The microstructure evolution of bulk metallic glass Zrs; Al Ni; Cus, during pulsed laser remelting is
investigated. It is found that the remelted zone always keeps amorphous structure and the crystallization tendency in
heat-affected zone (HAZ) increases with the laser energy density increasing or the scanning velocity decreasing. The
crystallization in the HAZ can be avoided but the structural relaxation occurres when the scanning velocity is equal to
or greater than 15 mm/s. When the crystallization occurres in the HAZ. the micron-scale spherical grain is formed in
the pattern of the multi-layer with the inner coupled lamellar structure, and crystalline phases are composed of
tetragonal Zr, Cu and face-centered cubic Zr,Ni. Crystallization in the HAZ near the bottom of molten pool is more
severe than that in the region near edge of surface. The grain size in the HAZ near bottom of molten pool decreases
away from the remelted zone, and the layer numbers of the spherical grain in the HAZ near the remelted zone are
more than that near the substrate side.
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Fig. 1 XRD patterns of Zrss Alj, Nis Cus bulk metallic

glasses before and after laser remelting
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Fig. 2 DSC curve of Zrs; Alj Ni; Cuy metallic glass
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Table 1 Processing parameters of laser remelting

Zrss Al Ni; Cus, bulk metallic glass

Sample P,/ Laser remelting
. . v /(mm/s) ]
name (10° J/cm®) times
a 1.57 5 1
b 2.04 5 1
2.04 10 1
d 2.04 15 1

first 1. 57 first 5 and )
e
and then 2. 04  then 10
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Fig. 3 Optical morphology of laser remelted Zrss Aly, Ni; Cuy, bulk metallic glass. (a) transverse cross section, Py=1, 57 X

10° J/em® ,0=>5 mm/s; (b) transverse cross section, Py =2.04X10° J/em?,v=5 mm/s;(c) transverse cross section,

P,=2. 04 X 10° J/em®, v =10 mm/s; (d) longitudinal cross section, Py = 2. 04 X 10° J/em®, v =15 mm/s;

(e) longitudinal cross section, Pq=2.04X10° J/em*,v=5 mm/s
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Fig. 4 Micro-XRD patterns of different zones in laser
remelted Zrs; Aljo Ni; Cus, bulk metallic glass

JE LA OB R S (3. 23 pm) Y 3 4%



8 1 XA AR BRSO TIE Zrss Al Nis Cugo & 43 S 1 A2 i X 5y A0 AT 2107

STFE Py=2.04X10° J/cm?,v=15 mm/s 5
SRR AT Y TC B R A R R AT A R ) 3
(7 25 A 8 Fram . M Bk X R 3 A1 7 3
W ORRE O 485 HV L B B R 1T 200 ~400 pm [X I,
Rl 2 5 A o L MAAH EL G R 2 30 HV L 3% XIS 1y T

remelted zone

HAZ

substrate

TG A A R IX . 7 B 35 1o 7 L H B
52 AL 114 2% SR 8 T -5 K5 iy DX A i 8 D bRl A
VR U - i AP T SR B £ A st BT AR
K.

BS54 M R EA HAZ FH L B 4181 (P, =2. 04X 10° J/em? ,0="5 mm/s) , (a) HAZ B IR TE 51 +
(O HAZ @5 H
Fig. 5 SEM images of the HAZ at the bottom of the molten pool (Py=2.04X10° J/em®,v=>5 mm/s).

(a) integral morphology in the HAZ; (b) morphology in the HAZ with high magnification
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Fig. 6 Distribution of grain size at the bottom of melt pool
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Fig. 8 Microhardness variation in the transverse cross

section of laser remelted Zrs; Al Ni; Cuyo bulk metallic glass
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Fig. 9 Microstructures of Zr;; Al Ni; Cuy, bulk metallic glass after laser remelting twice. (a)optical image of HAZ;

(b)SEM microstructure of HAZ
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Fig. 10 Thermal cycle curve in HAZ during pulsed

laser single spot remelting
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Fig. 11 Schematic illustration of the crystallization process in HAZ of laser remelted Zrs; Aly, Ni; Cus, bulk metallic glass
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