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Effect of WC-Reinforced Ni60AA on Cracks and Hardness
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Abstract The in-situ WC-reinforced nickel-based alloy ceramic coating is prepared on the surface of a cold die steel
with a fiber laser. The inverted metallographic microscope is used to observe the macroscopic morphology of cracks
in the cladding layer and the variation of the ice crystal WC with specific powder, specific energy and the powder
feeding voltage. In addition, a microhardness tester is used to measure the microhardness of cladding layers. The
results show that when the voltage ratio between WC and Ni60 powder exceeds 3:2, the cracks in the cladding layer
cannot be eliminated by the adjustments of specific powder and specific energy. The microhardness of the cladding
layer increases with the increase of specific energy, while decreases with the increase of specific powder. Moreover,
the increase of the cladding layer conforms to a polynomial distribution accuracy of up to 96% . In contrast, when
the powder feeding voltage ratio between WC and Ni60 is lower than 3:7, WC has nearly no effect on the
microhardness of the cladding layer. However, when the powder feeding voltage ratio exceeds 4 : 6, the
microhardness jumps to 780 HV. According to the influence of the ratio between specific powder and specific energy
on the increase and melting depth of the substrate, the process parameters of laser cladding are adjusted to eliminate
the cracks of the cladding layer and simultaneously maintain the microhardness at about 800 HV.

Key words  optical fabrication; crack; specific powder; microhardness; powder feeding voltage ratio; process
parameters; specific energy
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Table 1 Mass fractions for components of Ni60AA and WC %
Material C Cr Si B Fe Ni WwC Co
Ni60AA 0.4-0.9 13-17 3.2-4.8 2.5-4.0 <8.0 margin 0 0
wC 0 0 0 0 0 0 margin 8.0
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Table 2 Laser processing parameters

. Powder feeding
Serial number i
voltage ratio

Total powder

feeding voltage /V

Scanning
Laser power /W
speed /(m + s ')

3:2
1:1
c 2:3

700 2
700 2
700 2

Bl 1 ARREEES R T EWESRE . () 3:2;(b) 1:1;(c) 2:3
Fig. 1 Macroscopic morphologies under different powder feeding voltage ratios. (a) 3:2; (b) 1:1; (c¢) 2:3

3.1.2 Aot it st R L ug Hom

WC 1 Ni6OAA XKy HL R B2 121, B3k
JEN 24 VIR EE R 2 mm « s OB RN
700 WHT, AN [A] Foos e BE 9 2 OB SR I & 2 i .
2, /NRLECAT LA 3 3 K L g B B L Ry
(260 H R 4 4 B Y b D S AT U BR . (R 0
2(b) 7R« 35 K 14 L B 8 I T 2 <R,
SURANN U - S O =N R 0
550 HV., [FIB i HRE A Ry, BE BE T PR Js 7 2 10
2450, AL RE A BT 2 1Y 0 RS B2 £ R 7E 800 HV LU
o FRB ARG IR /N T A I B R AR R AR
e AR R B Tk 2 WO B R A A L

g

TRBLZ 1 W B RE L /N T RS R R
B R R A R AR s T B Z SR BTN ) Y
RE 7 o o A A R 0 R 1 60 2B )2 7 52 B R ] 4 B4
Ty B A0 = B TR AR T 0 )= B
Ok BB/ Hh SR . L RE IS O, SR 1K
FR e Al A O A (] B T R A WC 5 AH
AR B B, NS WC {0 2 2 5, 2 T
BRARPUANL ST BIRE 1. BB WO TR $2 0, 1
BZ R M R FR AR AT — R B A g R H2
o ) EE 23 I WC 8 2 fige AT e 065 75 = 1 B R
. PRI T (R R OB AL RE L LI BR
HEF R RVERE B I IR LR

2 KT EE Ry HERE M B OB S . () LB BB 140, HEBY 125 (b) FLAE 200, HEHY 125 (o) ELAE 100, FEHY 9

Fig. 2 Macroscopic morphologies under different specific powders and specific energies. (a) Specific energy of 140, specific

powder of 12; (b) specific energy of 200, specific powder of 12; (c¢) specific energy of 100, specific powder of 9
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Fig. 4 Morphologies under different vibration frequencies. (a) 0 Hz; (b) 22000 Hz; (c¢) 28000 Hz
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Table 3 Influence of specific powder on increase of cladding layer and maximum microhardness

Specific powder 2 6 8 10 12
Increase of cladding layer 0.15 0.27 0.54 0.61 0.70 0.89
Melting depth of substrate 1.04 0.89 0.76 0.68 0.55 0.37
Maximum microhardness 410 790 812 835 839
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Fig. 6 Morphologies under different powder feeding voltage ratios. (a) 1:4; (b) 3:7; (c) 2:3; (d) 3:2
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