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Abstract: The purpose of this study is to derive optimal process conditions of plasma-sprayed chromium

oxide coating by design of experiments. Plasma coatings are influenced by various process parameters.

According to these process parameters, the quality of the coating layer, that is, the density, the porosity,

and the content of the oxide, etc. are changed. In the present study, a statistical approach, that is,

design of experiments utilizing L9 orthogonal array table, was used as a method for deriving optimal

process conditions. Among the many control parameters affecting the quality of the coating layer, the

spray distance, the argon flow rate, the powder feed rate, and the surface velocity were selected as

control parameters. A hardness test was conducted on the coating specimens fabricated based on design

of experiments and analysis of variance was carried out. As a result, the parameter which has the

greatest influence on the hardness of the coating layer is the spray distance, the influence of the argon

flow rate and the powder feed rate were insignificant. Optimal process conditions were derived based on

the results of this analysis of variance.
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Fig. 1 Schematic illustration of plasma spray process
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Table 1 Chemical compositions of Cr,O; powder
used(wt %)

CI'203 F6203 SlOz A1203 Cr
99.60 0.20 0.10 0.10 0.02

2.2 AEAE

AGAGE A97] Y3l & dFoAs S92
uh ZRe FHo| 4FE A ¢ JdE F8 AA
22X FEAY, o2 §%, B2 $5F 2 ¥4
2590 4712 E AAS T, AAE 2L e
2ol 4z} 3¢-E o2 st IR AZE 80, 110,
140 mm, °}=2F F3F2 80, 90, 100 SCFH, &2
SFELS 40, 50, 60 g/min, FAEEE 100, 150



Table 2 Control parameters and levels

Parameter Symbol First Second | Third
arameters Yoo level level level
Spray
distance A 80 110 140
(mm)
Argon gas
flow B 80 90 100
(SCFH)
Powder
feed rate C 40 50 60
(g/min)
Surface
speed D 100 150 200
(mm/min)
Table 3 Experimental lay out and results of
hardness test
Experimental Parameters Measured
hardness
No. Al B| C| D (HRC)
1 I 1] 1] 1 69.60
2 I 2 2] 2 69.19
3 1| 3] 3] 3 70.54
4 21 1| 2] 3 72.88
5 21 2| 3] 1 74.46
6 20 3 1| 2 72.28
7 31 1] 3] 2 72.93
8 31 2] 1] 3 70.56
9 31 3] 2| 1 72.03
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Table 4 Results of the analysis of variance

Holl 2|8t Cr,0; Z2t=0t ZE

1o
ﬂ

bl
OH
0z
%
x

Degree of .. Contributions
Parameters freedom Sum of squares | Mean of square | F characteristic | F(0.05) %)
A 2 17.89 8.95 74.43* 19 73.78
B 2 0.24 0.12 1.00 19 0.99
C 2 0.83 0.42 3.46 19 343
D 2 5.29 2.64 21.99% 19 21.80
N 3 c o Z A9tk =3 PFUPL B9 YuedEst
‘ ‘ BARAE ol g% FAH FHe] §AmH
74
= 7 HHFAZAE =5 do wl$ /8T AL
o]
2 FAHAS
72 b
% 71 S~ \" /
8
,Eé 70 3.2 OJM[ =%
69 Fig. 3(@% (b= 22
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. 2 Interaction plots for hardness of thermal-

sprayed coating
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