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Abstract To improve the surface performance of 20Cr13 stainless steel parts, the laser cladding technology was used for
producing 15-5PH alloy coating on the surface of 20Cr13 stainless steel substrate so that its surface strengthening can be
achieved. The geometric morphology, microstructure, phase, friction and wear properties, and microhardness of the
cladding layer under the better process parameters obtained by signal-to-noise ratio analysis were analyzed by using a digital
microscope, optical microscope, X-ray diffractometer, scanning electron microscope, energy dispersive spectroscopy,
micro-hardness tester, and friction and wear tester. The results show that positive relationship between melt width, melt
height, melt depth, and laser specific energy of the melt channel, the metallurgical combination between the 15-5PH
cladding layer and 20Crl3 stainless steel is good without defects like cracks and pores. The structure of the coating is
composed of equiaxed and columnar crystals, and hard phases such as granular NbC, NiCx, and e-Cu are precipitated in
the coating. The microhardness and friction and wear performance results show that the microhardness of the coating is
about 2.4 times of that of the substrate. At the same time, the wear resistance of the coating is significantly improved
compared with that of the substrate, and its wear forms are adhesive wear and abrasive wear.
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Table 1 Chemical composition of 20Cr13 stainless steel and
15-5PH alloy powder

Mass fraction / %
Mn  Si Cr Ni Cu Nb Fe

Material

20Cr13 0.18 0.54 0.44 13.56 0.11 - - Bal
15-5PH 0.026 0.84 0.38 15.41 4.66 3.71 0.3 Bal.
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Fig. 2 Experimental system of laser cladding
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Table 2 Full factorial experiment design of 15-5PH alloy powder single-track laser cladding on 20Cr13 stainless steel

No. P /W V/(mm-:s') E /(10°k]J-m™?) No. P/W V/(mm-:s') E /(10°k]J-m™?)
1 1140 14 40. 714 14 1230 11 55. 909
2 1140 13 43. 846 15 1140 10 57.000
3 1230 14 43.929 16 1500 13 57.692
4 1320 14 47.143 17 1410 12 58. 750
5 1230 13 47. 308 18 1320 11 60. 000
6 1140 12 47.500 19 1230 10 61.500
7 1410 14 50. 357 20 1500 12 62. 500
8 1320 13 50. 769 21 1410 11 64.091
9 1230 12 51.250 22 1320 10 66. 000
10 1140 11 51.818 23 1500 11 68. 182
11 1500 14 53.571 24 1410 10 70. 500
12 1410 13 54.231 25 1500 10 75.000
13 1320 12 55. 000
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Fig. 3 Schematic of cross-sectional morphology and microhardness
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Fig. 4 Physical image of 15-5PH single-track laser cladding
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Table 3 Experimental results of group 21

Parameter Value || Parameter Value
H/mm 0.443| A, /mm® 0.652
W /mm 1.847| A, /mm® 0.274

0. 341 7 0.295

Parameter ~ Value
P/W 1410
V /(mm-s") 11
E./(kJ-m?) 64.090

d,,/mm
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Fig. 11  Microstructure of different areas of sample cross section. (a) Substrate; (b) heat affected zone; (c) top of the coatings;

(d) middle of the coatings; (e) bottom of the coatings
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