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Comparisons Between Ni—based and Fe—based Alloy Powder on

Gray Cast Iron by Laser Cladding
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Abstract: A laser cladding experiment was carried on gray cast iron with a high power transverse CO, laser
based on synchronous powder feeding method by utilizing Ni-based and Fe—based alloy powder as cladding
materials. By comparing the laser cladding layer structures and properties, Ni-based powder was found to
produces finer cladding layer than the Fe—based powder. The metallurgical bonding can be formed by combi-
ning the Ni—based and Fe—based alloy layers and the bland steel with fine grains and high carbon alloy in the
combining zone. An orthogonal experiment was used to analyze the effects of laser power, scan rate and the
number of cladding layers on cladding results. The hardness of the cladding layer is notably influenced by the
scan rate. The laser power produces the secondary large effect, and the cladding layers produce slight effects.
The scan rate of 300 mm/min and laser power of 4. 0 kW can be adopted for optimizing the laser cladding Fe35 alloy

powder, and scan rate of the 400 mm/min and laser power of 4.0 kW can be chosen for the Ni20A alloy powder.
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Table 1 Chemical constituents of alloy powder (w/% )

Element C Cr Si B Ni Fe

Ni20A <0.1 <0.5 1.8-3.00.9-1.5 Bal <6.0

Fe35 0.15-0.753.0-6.02.5-7.51.3-2.0 10-25 Bal
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(b) Bonding zone between base material and Fe35 alloy
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Fig. 1 Microscopic structure of Fe—based cladding layer

& 2 J& HT300 58 8 5 40k oK 19 %5 56l
A Hrp 2(a) BRGS0 W 2L, M
ARG A B S Bk Ak P AH S Ay AR D IR AR 45k &
BRI, NEIHELREEEG S ZHNA YRS
SEHA S HBEMBE., 2(b) & HT300 5
Ni20A F &M AR 45 A X A AL 20, e 40/ S ke
MG G A N RS & 8456 B%IER0G
S4if . W HT300 4 B 1 & ik & 8 m  7E 3



A

FER . G K BRBOUI B B B AR LR 91

HIEER, SHARP WA S TEE A & ki
Vi, BB 45 3R G, A b i v H) R, BT LB
T R 2R N

50 aim

(b) Bonding zone between HT300 and Ni20A
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Fig. 2 Microscopic structure of Ni-based cladding layer
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Table 2 Results of cladding on HT300 by Fe35

Scan Depth of
Surface )
Power rate/ Cladding cladding
No. hardness
/kW  (mm - layers ayer
Y,/HRC
min™") Y, /mm
1 3.5 200 3 31.6 1.22
2 4.0 200 1 36. 1 0. 35
3 4.5 200 2 32.8 0.83
4 3.5 300 1 34.7 0.54
5 4.0 300 2 42.3 1.00
6 4.5 300 3 36. 4 1.24
7 3.5 400 2 37.4 0.72
8 4.0 400 3 37.5 1.12
9 4.5 400 1 50.0 0. 24
K1 103.70 100.50 120. 80
K2 115.90 113.40 112.50
K3 119.20 124.90 105.50
Y, K1' 34.57 33.50  40.27
K2' 38.63 37.80 37.50
K3' 39.73 41.63  35.17

R 5.16 8.13 5. 10

K1 2.48  2.40 1.13
K2 2.47 2.78 2.55
K3 2.31 2.08 3.58
Y, K1' 0.83 0.80 0.38
K2' 0.82 0.93 0.85

K3" 0.77  0.69 1.19
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X 3 HT300 57 Ni20OA &4 R
Table 3 Results of cladding on HT300 by Ni20A

Depth of
Scan rate/ Surface }
power Cladding cladding
o. mm ° hardness
/ kw layers layer
min™") Y,/HRC
Y,/ mm
1 3.5 200 3 39.8 2.13
2 4.0 200 1 38.6 0. 86
3 4.5 200 2 37.2 1.82
4 3.5 300 2 38.6 1.22
5 4.0 300 3 42.0 2.33
6 4.5 300 1 41.4 1.03
7 3.9 400 1 38.7 0. 88
8 4.0 400 2 44.9 1. 00
9 4.5 400 3 44.0 1. 39
K1 117.10 115.60 118.70
K2 125.50 122.00 120.70
K3 122.60 127.60 125.80

Y, K1’ 39.03 38.53 39.57
K2' 41.83 40.67  40.23

K3' 40.87 42.53  41.93

K1 4.23 4.81 2.77

Y, K1' 1.41  1.60 0.92

K2" 1.40 1.53 1.35

R 0.01 0.51 1.03
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Fig. 3 HV curves of the laser cladding layers with Fe35

alloy power
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Fig. 4 HV curves of the laser cladding layers with Ni20A

alloy powder
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