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Research on High-frequency Cumulative Energy Denotation Spraying Process

WANG Xin, LIAO Fangfang, DU Jianrong, ZHAO Junjun’, Ivan Demyanov
Zhejiang E.O. Paton Welding Technology Research Institute, Hangzhou 311200, China

Abstract: The aim is to study the application of high-frequency detonation spray technology in the preparation of WC-12Co
wear-resistant coatings, and to optimize the spray process parameters to obtain coatings with low porosity and high bonding
strength. WC-12Co coatings were prepared on Q235 steel substrate using high-frequency detonation spray equipment, and
the effects of process parameters such as oxygen-fuel ratio, filling gun ratio, and powder feeding speed on the porosity and
microhardness of the coating were studied through orthogonal experiments. The results of the orthogonal experiment show
that the oxygen-fuel ratio has the most significant effect on the porosity and microhardness of the coating, followed by the
powder feeding speed, and the filling gun ratio has the least effect. The optimal process parameters are an oxygen-fuel ratio
of 5.1, a filling gun ratio of 0.6, and a powder feeding speed of 18.6 g/min. Under these process conditions, the porosity of
the prepared coating is only 0.24%, and the microhardness reaches 887 HV0.3. The results of the coating bonding strength
test show that the bonding strength exceeds 76.3 MPa, which is much higher than that of coatings prepared by ordinary deto-
nation spray technology. The WC-12Co coating prepared by high-frequency detonation spray technology has low porosity, high
bonding strength, high hardness, and excellent comprehensive performance, and has broad engineering application value.
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Fig. 1 High-frequency focused explosion spraying equipment struc-

ture and appearance*’
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Fig.2 Morphology of WC-12Co powder
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Table1 Test factors and levels

K- AW A(O/F) LB M C(g-min™)
1 48 0.8 18.6
2 5.1 0.7 222
3 45 0.6 25.7
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Table 2 Other spraying process parameters in the experiment
TG i B /mm M54/ (mm + min™") MR Hz
60 40 20
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Table 3 Process parameters in the experiment and the testing results of coating performance

e 5'—3”{‘? ka‘ﬁo’ ?L’ﬁl@ SRR A WU 1B lﬁ*ﬁﬁﬁ C WEALEE IR
/(L+min™") /(L+min™") /(L+min™") (O/F) /(g+min™") % /HV0.3
1 25/24 12/11 52/48 4.8 0.8 18.6 0.34 862
2 22/21 12/11 53/48 4.8 0.7 22.2 2.10 756
3 19/18 12/11 54/49 4.8 0.6 25.7 345 900
4 20/20 12/11 56/53 5.1 0.8 22.2 3.60 868
5 18/16 12/11 56/54 5.1 0.7 25.7 0.81 857
6 15/14 12/11 57/54 5.1 0.6 18.6 0.24 887
7 29/27 12/11 48/44 4.5 0.8 25.7 3.01 731
8 26/25 12/11 48/45 4.5 0.7 18.6 3.76 824
9 24/22 12/11 49/45 4.5 0.6 22.2 2.51 795
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Fig.3 Section morphlogy of WC-12Co coatings in different process
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Table 4 Orthogonal experimental calculation results of the influence
of process parameters on coating porosity
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Table 5 Orthogonal experimental calculation results of the influence
of process parameters on coating hardness

ity SRR A ikt B RFHE C iz FURILA B ILB BHEE C
K1 5.89% 6.95% 4.34% K1 2518 2461 2573
K2 4.65% 6.67% 8.21% K2 2612 2437 2419
K3 9.28% 6.20% 7.27% K3 2350 2582 2488
k1 1.96% 2.32% 1.45% Kkl 839 820 858
K2 1.55% 2.22% 2.74% K2 871 812 806
K3 3.09% 2.07% 2.42% K3 783 861 829
R 1.54% 0.25% 1.29% R 88 49 51
RET S5 5.1 0.6 18.6 g/min WRET S5 5.1 0.6 18.6 g/min
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Table 6 Bonding strength of the coating corresponding to the optimal

process parameters
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Fig.4 Curve of the binding strength test
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Fig. 5 The bonding strength specimen
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