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Parameter Effect and Microhardness Analysis of Al,O, Coatings Prepared
by the Supersonic Plasma Spraying Technique
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ABSTRACT: Objective To preliminarily clarify the effect of parameters on coatings in supersonic plasma spraying and to obtain
the optimal process parameters. Methods Al, O, ceramic coatings were prepared by the supersonic plasma spraying technique. The
microstructure and properties of Al, O, coating were characterized and the effect of spraying parameters such as spraying current,
pressure of plasma gas and spray distance were also discussed. According to the response surface methodology, the optimization ex-
periment with three factors and three levels was designed and the regression equation was established between the influencing factors
and the response value, thickness. Results When /=260 A or P, =0.55 MPa, the coating was a dual-phase composite structure
consisting of a-Al,0; and y-Al,0,. When /=340 A or P, =0.35 MPa, the coating was almost fully deposited into the y-Al, O
phase, substantially containing no unmelted particles. Change in spraying distance had no significant effect on the phase composi-
tion of the coating. When / or d increased or P, reduced, HV tended to increase. Conclusion In the experimental range, the opti-
mal process parameters for microhardness of supersonic plasma spray were P, =0.35 MPa, /=340 A and d=230 mm.
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Tab.1 Coating deposition parameters

WE YPRRZH 1 PRl 2 XTHR4AL3
HLHL/A 260/340 340 300
255 1/ MPa 0.35 0.35/0.55 0.35
WHEH F1/MPa 0.7 0.7 0.7
#EHE/ (gomin™) ~100 ~100 ~ 100
Wi #E/ mm 200 200 170/230
FEAARTI C ~80 ~ 80 ~80
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Fig. 1 XRD patterns for Al,O; coating with different parameters
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Fig.2 SEM images for cross-section of Al,O; coaling
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Tab.2 Experiment design matrix and response results

F5 I/A P,/MPa  d/mm Wi {E g Gl BF HV
1 260 0.35 200 1214. 64
2 260 0.45 170 413.49
3 260 0.45 230 1156. 83
4 260 0.55 200 468.53
5 300 0.35 170 957.40
6 300 0.35 230 1135.49
7 300 0.45 200 669.76
8 300 0.45 200 1029.25
9 300 0.45 200 1017.99

10 300 0.55 170 469. 17

11 300 0.55 230 446. 10

12 340 0.35 200 1256.32

13 340 0.45 170 1010. 60

14 340 0.45 230 1231. 60

15 340 0.55 200 939.41
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0.00187F1 0. 0657 , Ut FHIE I T2 S A i X U )2 i
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Tab.3 Variance analysis of regression model

i H R BEE B FH P
R 9.60x10° 3 3.20x10°  8.53  0.0033
I 1. 75x10° 1 1.75x10°  4.68  0.0535
P, 6.28x10° 1 6.28x10° 16.73  0.0018
d 1.57x10° 1 1.57x10°  4.18  0.0657
RIWE 3.29x10° 9 3.66x10°  0.88  0.6388
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Fig. 3 Response surface of microhardness HV
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