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Plasma Cladding Process for Co-based Alloy and Its Optimization
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(School of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

ABSTRACT: The work aims to improve the forming quality of the cladding coating by optimizing the process parameters in
plasma cladding of cobalt-based alloy. The multitrack Co-based alloy wear-resistant coatings coated on Q235 steel were taken as
the research object to carry out the orthogonal experiment. The microstructure and phase composition of coatings in different
regions were analyzed by MIRA3X-MHX scanning electron microscope, and the surface smoothness and the microhardness of
cross section of the coatings were measured and analyzed by KEYENCE VHX-5000 ultra-depth-of-field microscope and

HXD-1000TMC/LCD Vickers microhardness tester. The comprehensive effects of working current, scanning speed and powder
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feeding speed on the surface smoothness and microhardness of the cladding layer were investigated by grey correlation analysis
and range analysis, and then the optimum technological parameters were obtained. The working current had the most significant
effect on the forming quality of cladding layer, followed by scanning speed and powder feeding speed. The fluctuation of
longitudinal microhardness in cross section of each cladding layer was roughly the same, the maximum microhardness appeared
about 0.4 mm away from the upper surface layer, and the average microhardness of the cladding layer was more than 3 times
that of the matrix material. The distribution of microstructure in the upper part of the cladding layer was uniform and dense.
With the decrease of the distance between the cladding layer and the substrate, the dilution rate of the cladding layer increased
and the microhardness decreased gradually. Under the combination of working current of 95 A, scanning speed of 90 mm/min
and powder feeding speed of 12 r/min, the cladding layer was well combined with the substrate without gas holes and
clearances, the average microhardness of cross section was higher and the surface of the cladding layer was more flat. The
surface properties of the cladding layer are effectively improved by optimizing the process parameters of plasma cladding
forming quality. The results can provide a reference for the study on the plasma cladding technology applied to the wear
resistance of wearable workpieces.

KEY WORDS: plasma cladding; orthogonal experiment; grey relational analysis; surface smoothness; microhardness; process
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Tab.1 Chemical composition of Co-based RO ISE R S 3A, HRTRIE S I E 4 s o
alloy powder W% FJI KEYENCE VHX-5000 #5515 5. 3485 fe: 4%
“,\T N, N ET::‘—H‘ b = ik N7 3
o e W e N s W oo PSRRI U, BRI B 4
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Tab.2 Process parameters in the experiment
Working Scanning Powder feeding Nozzle ITonic gas Feeding gas  Protected gas Overlap
current/A speed/(mm'min”')  speed/(rmin”')  distance/mm  flow/(L-h™")  flow/(L-h™)  flow/(L-h™")  rate/%
90, 95, 100 90, 100, 110 8,10, 12 5 0.7 3 5 35

K3 R

Fig.3 Test specimens
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Fig.6 SEM images of different parts of coating and EDS analysis of enlarged part
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Tab.3 Results of energy dispersive spectrometer of each point in Fig.6

wt%
Marked location Co Cr w Fe Ni Si Mn Mo
A 62.01 23.63 4.85 4.67 3.00 0.84 0.65 0.36
B 25.48 61.34 9.73 2.42 0.51 0.09 0.43 0.00
C 35.55 21.89 37.01 1.66 0.76 1.06 0.28 1.78
D 56.33 24.41 12.24 2.88 1.92 1.87 0.32 0.03
A’ 38.09 16.89 2.41 40.01 1.18 0.89 0.56 0.01
B’ 2593 35.41 6.22 30.54 0.73 0.43 0.52 0.22
D’ 36.33 15.44 8.86 36.58 1.71 0.67 0.33 0.26
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Fig.7 Microhardness variation diagram of Fig.8 SEM images of cladding layer surface under different process parameters
cladding layer in cross-section of coating
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Tab.4 Orthogonal experiment design and results

Test Working Scanning speed(B)/ Powder feeding Smoothness/ Microhardness
number current(A)/A (mm-min~") speed(C)/(r'min ") mm (HV)
1 90(1) 90(1) 8(1) 0.339 475.60
2 90(1) 100(2) 10(2) 0.448 424.62
3 90(1) 110(3) 12(3) 0.357 458.14
4 95(2) 90(1) 10(2) 0.236 438.10
5 95(2) 100(2) 12(3) 0.248 456.30
6 95(2) 110(3) 8(1) 0.254 457.10
7 100(3) 90(1) 12(3) 0.321 491.80
8 100(3) 100(2) 8(1) 0.351 474.76
9 100(3) 110(3) 10(2) 0.291 458.74
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Tab.5 Dimensionless treatment, grey relational coefficient and grey relational grade result

Test Dimensionless treatment Grey relational coefficient Grey relational grade
number X X, X, &(K) &k r
1 0.514 15 0.758 86 1 0.507 18 0.674 64 0.590 91
2 0 0 1 0.333 33 0.333 33 0.333 33
3 0.429 25 0.498 96 1 0.466 96 0.499 48 0.483 22
4 1 0.200 65 1 1 0.384 81 0.692 40
5 0.943 40 0.471 57 1 0.898 31 0.486 18 0.692 24
6 0.915 09 0.483 48 1 0.854 84 0.491 87 0.673 36
7 0.599 06 1 1 0.554 97 1 0.777 49
8 0.457 55 0.746 35 1 0.479 64 0.663 44 0.571 54
9 0.740 57 0.507 89 1 0.658 39 0.503 98 0.581 18
®6 IREBXEEEUSTR ®7T RRAGHBHERILE
Tab.6 Visual analysis of grey relational grade Tab.7 Comparison of optimal combination test results
Average grey relational grade of Test index Orthogonal test Grey relation analysis
Factor factors at each level Range
(R A3B Gy A;B Gy
ki ks ks
Surface 0.321 0315
A 0.469 15 0.686 00 0.643 40 0.216 85 smoothness/mm ) ’
B 0.686 93 0.532 37 0.579 25 0.154 56 Microhardness(HV) 491.80 505.80
C 0.611 93 0.535 64 0.650 98 0.115 34 Grey relational grade 0.777 49 0.786 49
0.7 0.7 0.7
& 06 > 06t > 06F
Ebg % ) a 205
°§0'5' 5 RO05 s 3"
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g g S g S g
02031 o203t 5803
g8 ] o
5202} £202} 502
< o1t < oaf < 01
N 7 7 0 i .
90 95 100 90 100 110 8 10 12
Working current/A Scanning speed/(mm - min™") Power feeding speed/(r - min™)
a TAEHI b T o RRMYHAE

B9 ARV I S IR E B3 #r ]

Fig.9 Visual analysis of grey relational grade of factors at various levels: a) working current, b) scanning speed, c¢) powder
feeding speed
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Fig.10 Morphology of bonding zone between cladding layer and substrate
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