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Abstract Single layer and multilayer Zrs; Al Ni; Cus, bulk metallic glasses are deposited on the commercial pure

zirconium substrates by laser solid forming (LSF).

The composition and microstructure of the deposits are

researched. The results show that the deposits are mainly constituted by amorphous materials. The crystallization

degree does not increase remarkably with the increase of deposited layers. The crystallization mainly occurs in the

overlapping zone between the adjacent traces and layers of the heat affected zone (HAZ), especially the adjacent

layers. The bonding type between deposit and substrate is metallurgy bonding. There is epitaxial growth of dendrites

emerging at the thin transition zone which is only 35 pm, the composition dilution mainly occurs in this transition

zone.
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Fig. 1 Microstructures of the deposits with (a) 1, (b) 2, (¢) 3, (d) 4, (e) 7 layers
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Fig. 2 SEM image of sample with one deposited layer and the line scanning image of the transition zone. (a) SEM image;

(b) line scanning image of the transition zone; (c) large size image of the line scanning image of the transition zone
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Table 1 Atomic percentage of the elements

ercentage /%
Region 1 Region 2 Region 3 Region 4
Element
0

Al 7.78 3.77 3.75

Ni 2.90 2.38 3.05

Cu 22.29 14.52 13.14

Zr 66. 32 79. 34 80. 07 100
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Fig. 3 XRD patterns of the powder and the deposition layer

4 3 e
1.1 RBREMRKLTH

TE O 32 R el S B o O 2 R
VBT J 2 SO 5 1906 U o R B 0 © U
SR AT . E T R B AE R T B E B
DL B R T U o R o U A 0 X
o L U2 Ak B A 3 40 AR AT S 1 B 0
5 FE IS U X o R B A T T e SR (T
I 2 T 22 1 B X 380 %5 B BUBUZ P UG K A7 7
Ak R DU B U5 1 B R R P R & R
PR TR L TR A O XA 30 4t A T
SRR E R, R U VURUR i
Al 3 B R 1 T T et R e B T X B
W AR PR R G . TR I T LK B I R
T3 2 v L 02 o A 0 [X 9T 22 3 1 A oo
AT O L AT LLE H R B S
FHEE 00 K 10 R 1 A2 B TTRUR 9 K4 K
28 17— YA A b+ LA A 4 T L 1
32503 DX RIVRE 40 T LRI 1 T ST A 42 28 5 2 R A
Mk, S, R R VU B S R T
AR ARG KRR 2 3 K. K R X
HOBE A /N 2 0T 3 AT 2 b o I W2 DT g 16
0 JEE AL 1 T 0 A T T e O A 3 38 5
ASIRIE 10 K LUF AR 24 h 42 B0 % Rkt

T L7 e 388 P 700 3 I B0 30 o 1 3 i o L 1) AR
W D BT DAL 22 B 5 g ik op ot m i 7R
T, DU IR BE P AR 0 db A i DL Z g AT, B
A A DA i — 25 Ak . BRln . XA A AR g
BRI Zrss Al Nis Cuyo JE Fh& S 1 21 4 B0
BET AN KA A T AR SE 56 v Zes; Al Ni; Cug, JE
HEIHZEZ AL 3 Wk e &4 &k,
XA B T T Zrss Al Nis Cus, J3E f # H ik i i 48 &
DR . BT AR S A S B R R AR
AR B E AR R s AR RS BB LRE T
TEH] 45 Zr-Ti-Cu-Ni- Al R IR 5 & & 0F i 5 A A
SR NAR T 2.5 X 10 H i S 56 v 4 Al
BRI S ik 2X10 7,
4.2 MREEHSERRULESR
H b R 3 BT T A O% S AR R B AR TR R
S STV S p = R R T AR =R U - s R I
LI TR 2 A AL B
TE WO BE ot T2 v, 5 0t 0 PR e DX ) O 2%
FeTh e KA . W R I B 0 T A DX A
WA 4 IR T VAN X3 T, LLAM I X 8 0 {F 75
JE/IN T B 5 5 AR BE L O B IXC 5 WA T S AE I
B 5 5 A 3 R 22 1] X 00 S #RG me IX,
AT, F1 T, Z By XE, K1 W55 452 0
DXAS [R5 B 1Y TH I i B2 119 56 & o i Comsol #k#F
Xof BPLA UBE A R R Tt RN PR ) XA R o A R AT
FEALL . AR A A i S A o) T R A )
LCpdT/at— T « (kYT = Q. (1
K o BB BE, 3L Zrss Al Nis Cuy 25 2 6. 578 X
10° kg/m?® ;Cp & RIS, 332 J/ (kg K) s Q y#RH ,
T J R B s b e84 5 28, M Yamasaki ™ X Zrs
Al Nis Cus, #4405 5 2 B0 0 50 Hh m9 B s 17 U5 15
B e HEENLRRA
k= 3.5—0.00373T 4+ 0. 0000299 T=. (2)
5 i B AL T RO i (2) USRS B 1Y L BE S 4
o 3 RE AR T K XA — & B BRI T R i xF
AR, & 4 Ca) 2 R0 A 0O T 25 W] 1Y
S BE IR AR B o0 A . IS BEFIS IR IE G A
s S SR AN A A B A ARl BOR — 80 . Ot
ORI A v = AR 1 A 32 22 e B e X7 AR 1
e DX A A AL A S LA AR T6] . O 1 XTI
VLX) il ) S TR 3 R 5 Y S S R e 0 320 e v
ik FBE A T B9 A5 XoF b 8 2ok R b 9 AN [] 7 ) T
WLk, WE 4 FIR o 1R 3 ] A M it JiE 3B AN
0] T Ve R VL BBE Ry 5 0 1107 KX 3 Ay T g o ot 2%

0303005-4



ik R

WO S A T B S P A B B ) L SR AL

Wi 2 H AT A H 0 2 T AL EE G XY ] 3 9% 2
R TR AR dh A2 3 22 72 L B LA
2 b B 2 B VR T B 3 ORI/ . AR AT 1 B T
FRUZ T8 [a] 19 45 42 DX A (8] 19 5 i B 3 249 1 B0 1 o
s ELJZ 18] B it A B R Tl 1]

2774 1994 T, 8867, 440
77 3t

12001
1000f /} SN
% L5
E 800/
= —a
g 600 B
g 1| e T
gt e
400F
200 1 1 1 1 1
0 00l 002 003 004 005

Time /s

Bl 4 B BE Zrss Al Nis Cugo R R i 5 4 1Y 3 BE 23

R, RXAEE 1.5 mm, 9% 3 mm, & PR

RKE B2 IR A . (O Bk a0 3 ms B

G R R BE LR IR 0 A P 5 (b) [ Ca) P T 7R 7

AL Y T R IR it 22

Fig. 4 Simulation result of the temperature distribution

of the Zrs5 Al Nis Cuzo, BMGs with a single pulsed

laser irradiation. The substrate is 1. 5 mm thick,

3 mm wide and just the top half is shown in the

figure. (a) Temperature distribution at 3 ms after
irradiation; (b) temperature cruves at two points

shown in (a)
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