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Crack and Microstructure Analysis of High-speed Laser Clad Fe-based
Amorphous Coating

YU WeiyuanM , JING Rui, DONG Pengfei, WU Baolei, LI Yang, QIANG Xiao

State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals, Lanzhou University of Technology, Lanzhou 730050, China

I n order to reduce the crack rate in the laser spraying clad layer, the Fe-based amorphous clad layer was prepared by using high speed laser
cladding technology and greatly increasing the laser scan speed under the condition of increasing the laser power. The morphology and dif-
ferent phases of the clad layer were studied by means of X-ray diffractometry ( XRD) , optical microscopy, and electron microscopy accompanied
by energy dispersive spectrometry (EDS). The relative amorphous content of the clad layer was calculated by Jade software. The temperature
field and thermal stress of clad layer were simulated by COMSOL Multiphysics. It was found that the grain size, amorphous phase content, and
crack rate of the clad layer changed inversely, positively, and inversely with the increase of laser scan speed, respectively. The prepared clad
layer, compared with that clad with the conventional scan speed, had a lower amorphous phase content. The simulation results confirmed that in-
creasing the laser scan speed led to the reduction of the heat input in the clad layer, thus mitigating the thermal stress and suppressing the cracking

tendency of the clad layer.
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Table 1 Nominal chemical composition (wt%) of Fe-based amorphous raw
powder used for laser cladding

Cr Mo C Si B Fe
25~27 16~18

2~2.5 1 2~2.5 Bal.
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B 1 BOGE BT B EEEE R 1 (a) SEM K F1(b) XRD %
Fig.1 (a) SEM image and (b) XRD pattern of the Fe-based amorphous
raw powder used for laser cladding
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Table 2 Processing parameters of high speed laser cladding

Powder
density feed

Laser Scan Energy Overl. Spot

erla 0
Markings  power speed v ) P . I;
rate s1ze/ mm

W mm/’s J/mm? g/min
1 50 30
2 60 25
3 000 20 60% 2
3 70 21.4
4 80 18.75
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Fig.2 Schematic showing how the sampling was conducted in analysis of

coating cross-sectional crack rate
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B3 OR[EH T A2 R EIE AR : (a) 50 mu/s, (b) 60 mm/s,
(¢)70 mm/s, (d)80 mm/s

Fig. 3 Surface morphology of the clad layers differing in scan speed:
(a)50 mm/s, (b)60 mm/s, (c)70 mm/s, (d)80 mm/s
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B4 OREEHEE TR R 2 B : () 50 mm/s, (b) 60 mm/s,
(¢)70 mm/s, (d)80 mm/s

Fig.4 Cross-sectional macroscopic morphology of the clad layers differing in
scan speed: (a)50 mm/s, (b)60 mm/s, (c¢)70 mm/s, (d)80 mm/s
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Table 3 Cross-sectional crack rate results of the clad layers

Scan speed/ (mm/s) Crack rate/%

50 45.2
60 38.3
70 29.7
80 20.6
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Fig.5 Microstructures above the fusion lines in the clad layers differing in
scan speed: (a)50 mm/s, (b)60 mm/s, (¢)70 mm/s, (d)80 mm/s
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Fig. 6 Microstructure above the fusion line the clad layer prepared using a

conventional scan speed

BEAN, DUFPUR 2 A A 2R BT A9 O TE 35 G I Bk 22 5
AR I U 25 0% 22 A 24 40 kg v o B R TR 5 £ R A
4 T it R AT — 7 TR 4 IRy o e B AR o SR
IR R AAAE— 2 (RGBS (AR B 2 IR 1 JC B A UK AR ek
AR R A3 AR £ MR X — [X 38 0 A i BCRE T, 10 R
HA AT H T o X FBUG )2 HBIE R 7 AR W00 1 1 S Aty
JEJEZ) 2 wm; X6 & (Bl 5a 1 Point A) 170 2 5 I 45 5
(& 8a) WAER] 13X — s o

JA 7 )2 T B A AR B, A5 5 O R E K (A [
WHATE AR A S5 an & 7 TR o X JGHRRAE K €640 i 0 K
s an &l 8b s , K & Fe Cr Mo JG & ¥ 5k S A
A, FEIA A AR S A

B 9a ARl 4 B T 0 B2 1 XRD 3%, "TRLE
VU 2 KA T R A — Y S A, AT S0 B A A
], #8HA bee-Fe Fe-Cr fil Fe,,(C,B), =Ffih#H, il Jade
AT W B2 AR i B i, 45 SR An I 9b T, 1T LA

24030107-3



Bk E B Fe K aE Rk B R MBI oM/ i LS

(¢)70 mm/s, (d)80 mm/s
Fig.7  Microstructures of the middle and upper part of the clad layers:
(a)50 mm/s, (b)60 mm/s, (c)70 mm/s,(d)80 mm/s
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Fig.8 EDS spot scan result in different areas of the clad layer: (a) Point A
in Fig. 5a,and (b) Point B in Fig. 7a
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Fig.9 XRD patterns and amorphous phase content result of the Fe-based

amorphous composite clad layers
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Fig. 10 Temperature field modeling of a clad layer
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Fig. 11 The laser heat source model with Gaussian distribution
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Table 4 Comparison of clad layer height ( H) and substrate penetration

depth (h) in simulated and experimental results

Simulated Experimental
Scan speed/ (mm/s)
H/pm h/pm H/pm h/pm
50 664 396 652 375
60 602 274 592 266
70 588 267 579 258
80 574 236 558 228
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Table 5 Simulated thermal stress result in the clad layers differing in scan

speed

Scan speed/ (mm/s) AT/K o /GPa
50 2972 2.3
60 2822 1.9
70 2782 1.6
80 2672 0.8
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Fig. 12 Temperature field distributions of the clad layers differing in scan
speed: (a)50 mm/s, (b)60 mm/s, (¢)70 mm/s, (d)80 mm/s
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