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Abstract: Titanium coating was prepared at low cost and high efficiency by supersonic plasma spraying. Using Box-Behnken
(BBD) in response surface method (RSM), the interaction between three factors of Ar flow, power and spray distance and Ti
particle in-flight state in supersonic plasma jet were analyzed. Microstructure and microhardness of the titanium coating were
investigated using SEM and microhardness tester. The results show that the established linear model is reliable. The spray
distance has the greatest impact on the particle velocity and temperature. With the increase of the spray distance, the particle
velocity decreases and the temperature increases. The effect of Ar flow and power on the particle velocity and temperature is
opposite to that of the spray distance. The titanium coating prepared by supersonic plasma spraying has low hardness and
porous structure, and the porosity decreases with the increase of the particle velocity.
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Table 2 Test results of velocity (V) and temperature (7)

Procedure A B C Vv T
1 33 150 75 475.9 2878.1
2 33 170 65 508.3 2842.5
3 38.5 150 65 505.0 2783.5
4 27.5 150 65 498.9 2892.3
5 33 150 55 502.2 2595.7
6 27.5 170 55 519.1 2523.3
7 33 170 65 505.8 2800.5
8 33 170 65 499.3 2860.7
9 33 170 65 498.4 2767.2
10 38.5 170 75 494.8 2798.7
11 38.5 170 55 529.5 2528.4
12 33 170 65 498.6 2658.9
13 38.5 190 65 518.9 2591.9
14 33 190 55 523.1 2519.5
15 27.5 190 65 508.5 2730.7
16 33 190 75 509.7 28124
17 27.5 170 75 488.5 2936.7

Coded values and levels

Factor
-1 0 1
P/kW 27.5 33 385
O/(L-min™) 150 170 190
D/mm 55 65 75
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Table 3 Comparison of model fitting of velocity (V) and temperature (7)

Factor Source Sequential P-value Lack of fit P-value Adjusted R’ Predicted R*
Linear <0.000 1 0.2653 0.789 306 0.686 414
2FI 0.7541 0.1884 0.755 637 0.401 374
g Quadratic 0.4309 0.1476 0.758 744 0.236 89
Cubic 0.147 6 0.874 798
Linear <0.000 1 0.7192 0.747 59 0.687 782
2FI 0.8201 0.5875 0.699 518 0.521 799
g Quadratic 0.2633 0.7285 0.7485 0.424 296
Cubic 0.728 5 0.671 744
R4 RNFUTEERE(VREE (D HWRBESESH
Table4 Model ANOVA of velocity (V) and temperature (7)
Factor Source Sum of squares Df  Mean square F-value p-value(Prob > F) Remarks
Model 2280.73 3 760.24 20.98 <0.0001 Significant
A-P 137.28 1 137.28 3.79 0.0735
B-Ar 764.8 1 764.8 21.11 0.0005
C-D 1378.65 1 1378.65 38.05 <0.0001
g Residual 471.08 13 36.24
Lack of fit 384.94 9 42.71 1.99 0.2653 Not significant
Pure error 86.13 4 21.53
Cor total 2751.81 16
Model 2.47E+05 3 82295.16 16.8 <0.0001 Significant
A-P 18 096.58 1 18 096.58 3.69 0.0768
B-0 30 638.03 1 30 638.03 6.25 0.0266
C-D 1.98E+05 1 1.98E+05 40.44 <0.000 1
r Residual 63 694.64 13 4899.59
Lack of fit 38207.22 9 4245.25 0.67 0.719 2 Not significant
Pure error 25487.42 4 6371.86
Cor total 3.11E+05 16
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Table 5 Predicted and measured results of velocity and temperature

VAm-s™") 7/C
Procedure PAW QOr/(L-min"') D/mm - ; Remarks
Predicted value Measured value Error Predicted value Measured value Error
1 30 150 55 496.02 495.55 0.47 2667.3 2675.1 78 LowV&LowT
2 27.5 150 75 47791 495.29 17.38 3003.4 2985.1 18.3 Low V& High T
3 34 190 75 522.34 516.82 5.52 2923.6 2956.8 332 High V& High T
4 38.5 185 55 529.56 536.39 6.83 2498.9 2506.9 8.0 HighV&LowT
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Table 6 Results of porosity and microhardness

Results Low V& Low T Low V& High T High V' & High T High V& Low T
Porosity/% 9.29 8.84 7.83 3.63
Micro hardness/HVo.1 98 151 136 125
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