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Comparison between laser cladding Fe-based and
Ni-based alloy coatings on 35CrMo
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Abstract: In order to study the laser cladding Fe-based and Ni-based alloy coatings on 35CrMo motor spindle, 3540
Fe-based and Ni0O Ni-based modified coating alloy coatings were prepared on the surface of 35CrMo motor spindle with CO,
laser. After the initial satisfaction of engineering applications, hardness of the modified coating materials at a selected cross-
section were tested in both the horizontal and vertical direction,while the metallographic properties were studied by applying
etching liquids. The results show that near the junction of the cladding zone and the fusion zone, both hardness of the two
cladding materials are about 640HV, which meet the engineering application. Both of the two kinds of the coating materials
are better than the base material in terms of corrosion resistance. Microstructures are significant different from the laser clad
zone to the fusion zone. The grains become smaller and smaller in size and the Ni-based materials is better than Fe-based
materials in corrosion resistance. Comprehensive comparison shows that NiOO cladding material is better than 3540 material
in meeting engineering application.
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Table 1 ~ Mass fraction of 35CrMo alloy steel

w(C) w(Si) w(Mn) w(S) w(P) w(Cr) w(Ni) w(Fe)
0.32 ~0.40 0.17 ~0.37 0.40 ~0.70 <0.035 <0.035 0.80~1.10 <0.30 surplus
single 30mm single
1ayeré and 6‘Omm layer and sampled X 10
single | I ] multi
channel™ 8 channel
§ I g 1nm
s HHE S —
N N
S T Y 5
i |
Fig. 1 Experimental setup of laser cladding v )
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Fig.2 35CrMo alloy steel disc
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Fig.3 Schematic of coating distribution and sampling

Table 2 Alloy powder in the laser cladding coatings

powder names 3540 Ni0O

Ni-based alloy powder
(150 ~200 ) mesh

Fe-based alloy powder
(100 ~200) mesh

powder type

powder size

S CO, HOBAR, SR 3%y 6000W , 5
BRBL B M A AE IR U (A ) B9 T FREA
R, R AR T2 SR04 3 R

Hed 3 SRt 2 o 0 S T RO
BT IR T 130 A AT T B K, 19
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Table 3 Process parameters of laser cladding
shaft . owder . —
sha spot focal P scanning  laser  shielding
material i X feed/
diameter distance speed  power gas

for cladding (mg-s")

35CrMo Smm

FIRBkSh AR 5L E AT T XL, AR AR 4,

Table 4 Measurement of laser cladding induced thermal deformation/mm

360mm 220 ~224 6mm/s 3000W  argon

the left part the central the right part

first 0.04 0.02 0.01

before second 0.02 0.01 0.01
cladding the first U-turn 0.02 0.01 0.01
the second U-turn 0.02 0.01 0.01

first 0.03 0.02 0.01

after second 0.05 0.03 0.01
cladding the first U-turn 0.04 0.025 0.01
the second U-turn 0.05 0.02 0.01
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HUHL A, Bk 3h 0. 04mm , il 5 HL AL 3 B EL AR 19 3
R, AAVFRIBEEIE R 222 KA. AUIKTE 4Bk 3h
IRCH e B 114 R LD 25 4 5 i A9 (LT LA AS
H R A T B AT AR (9 B R B 0. 03mm,
AL 2 i AR O 200mm , AR AR R ORI DR B
AL R A 1 Bk Sl 2 1 2 AL ek 0 Bk Sl SR A

cladding zone

2 fusion zone

base

fusion zone

fusion zone:

Fig.4 Cladding region morphology
a—single-layer and single-channel ~b—dividing lines of cladding zone-
fusion zone and fusion zone-base in 1000 times magnification of 3540
cladding material ~c¢—dividing lines of cladding zone-fusion zone and fu-

sion zone-base in 1000 times magnification of Ni0O cladding material
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Fig.5 Schematic of hardness testing point definition in cladding layer
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Table 5 Average hardness in points of cladding material 3540 specimen/

HV
single-layer and  double-layer and single-layer and
number
single-channel single-channel  multi-channel
1 468.4333 447.7000 554.3667
2 470. 8333 451.3667 606. 4000
horizontal
3 531.9667 538.7000 623.4667
4 618.7667 644. 6000 653.2667
1 471.5667 463.3333 523.5333
2 492. 4667 478.1000 543. 6000
3 624.3000 621.9667 646. 6000
vertical
4 642.7333 652.8333 614.5667
5 397.5667 426.7333 333.6667
6 280.8333 287.0333 282.2667

Table 6  Average hardness in points of cladding material Ni0O specimen/

HV
single-layer and  double-layer and single-layer and
number
single-channel single-channel ~ multi-channel
1 352.2000 357.5667 475.2667
2 510.7667 399.4000 610. 9000
horizontal
3 558.4667 566. 6333 628.7333
4 595. 8000 617.9000 645.3333
1 333.4667 327.8667 343. 1667
2 339.9667 344.3333 344. 6667
3 591.9333 602.4667 574.5000
vertical
4 633. 6667 616.5000 615. 6667
5 546.6333 339. 8667 405. 3000
6 271.3000 273.4333 273.2667
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Fig. 6  Distribution of hardness in horizontal and vertical directions of

single-layer and single-channel laser cladding
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Fig.7 Distribution of hardness in horizontal and vertical directions of

double-layer and single-channel laser cladding
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Fig. 8  Distribution of hardness in horizontal and vertical directions of

single-layer and multi-channel laser cladding
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