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Process Optimization and Regression Analysis of Cr,O; Coating Based on Porosity

MAO Jie, DENG Chang-guang, DENG Chun-ming, SONG Jin-bing, OU Xian

(Institute of New Materials, Guangzhou Research Institute of Non—ferrous Metals, Guangzhou 510651)

Abstract: Porosity is one of the important indexes to evaluate the property of Cr,O; coating. According to
Box—-Behnken second-order response surface methodology, a regression analysis experiment with three factors
and three levels was designed. Cr,; coating on TC4 titanium alloy was prepared by atmospheric plasma spra-
ying. and porosity under different process conditions was measured as the response value. The mathematical
model was established between influence factors (spraying current, plasma gas, spray distance, and the re-
sponse value). The significance of separate factor and interaction effects were also discussed. Response sur-
faces and contour curves of continuous variables about coating porosity were obtained for process optimization
and performance prediction of Cr, O; coating sprayed by atmospheric plasma spraying. These predicted parame-
ters, which can obtain the minimum porosity of 1. 5%, are the current I=500 A, flow of argon, Q=40 L/min and
spray distance d=_80 mm.
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Table 1 Experiment factors and numeric value

Value level

Factor

-1 0 1
I/A 500 600 700
Q. /(L min™") 40 44 48
d/mm 80 100 120

1.2 REH&E

M5 V4% 35 R A R 6 T TC4 4k A 4 b it B R
SN 40 mm X 30 mm X5 mm, 15 4 3 A 76 $E AT
TTH I b R RR P N RS R 46 B NI R HEA T IS
WORLAL 570 FE J7 0. 3 MPa. b J5 I 45 25 S R
7 Vi B R 2 T B P R R bR . KA A S iR R
I EEEWR Cr. O MK BifE 10~45 pm, IRZ2
il 25 R HAEE GTV A w ) MF-P-1500 %I K<
BT A M F6 i, R JL - SM5910
AU B (SEMD X 24 J2 #F i #5 8 JE 3 128 47 W
2R G 43 o H R 8 & i 2 A [R5 N
Cr, Oy WIZM AL . B LLRE T 7R AS 5] 47 0 3
3L E L BOE M .

2 HRERSSH

2.1 MEFENEISEEESN
#% 1& Box—Behnken S il 2# i i 2K, 5% F



40 2 B X @wW L E

2013 4F

Wk R M) K] 6 2 8 R I R S5 3000 g o7 L DL 3% 2.
Z PR BT 25 R U3 3. nl LI 3 5 B o A
Y BT G R DNIE P S /T ]
R P A R R L A8 TR A O T T i AR A A
B G 3 K & LL AR S AR R OR
AN BETE JOE 15 FO I 1O THT o PRI R P AR LR 2T A
TR FEBOR MR P (AR /N, AR
T J2 SR APLRE /N SR ] AR AT I 7 o TR i A
A A TS R 1 8] 52 HAR TS R . X
FARB r* BORK 2FT AR 2FT BERIED 2 P52
B ABRL ZAE R A T2 (2) A (3) Z 18] 1Y
W I TR s T R R B TS G
WO A A TR ()

P = —109.368 33+0.234 51+ 1.85Qx, —

0.157 5d — 0.004 312 51 « Qa, — 4
0.000 612 51 « d+0.013 437Qx, = d

2FT BRI 7 22 & 4. S 2FT gAY
) F A 8. 25, P fEAX Ny 0. 004 4, B AY B 2 5 [A]
IS EE F R 1. 32, P {H{LH 0. 491 8, A i
F. RS IER = 0.860 9, {FhLH

F2AWIRITERERMEELSER

Table 2 Experiment design matrix and response results

No. I/A Qi /(L e+*min') d/mm Response P/%
1 -1 -1 0 3.4
2 1 -1 0 2.8
3 -1 1 0 12.6
4 1 1 0 5.1
5 -1 0 -1 5.2
6 1 0 -1 5.1
7 -1 0 1 8.2
8 1 0 1 3.2
9 0 -1 -1 2.3
10 0 1 -1 4.1
11 0 -1 1 4.9
12 0 1 1 11.0
13 0 0 0 4.7
14 0 0 0 3.7
5 0 0 0 6.3
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Table 3 Analysis of different models

Lack of fit analysis

Model F P r
Sum of squares d; Mean square F P prob>F
Linear 7.68 0.004 8 0.6769 36.12 9 4.01 2.33 0.3359
2F1 8.25 0.004 4 0.8609 13.69 6 2.27 1. 32 0.491 8
Quadratic 3.98 0.0713 0.877 4 11.56 3 3. 85 2.24 0.323 3
Cubic 5.76  0.157 2 0.9719 0 0
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Table 4 Variance analysis of 2FI regression model

Sum of Mean P prob>
squares o square F
2F1 model 105.40 6 17.57 8.25 0.004 4
I 21.78 1 21.78 10.23 0.0126
Qar 47.05 1 47.05 22.10 0.0015
d 14.05 1 14.05 6.60 0.0332
I+ Qa: 11.90 1 11.90 5.59 0.0456
I-d 6.00 1 6.00 2.82 0.1316
Qar o d 4.62 1 4.62  2.17 0.178 8
Residual 17.03 8 2.13
Lack of fit 13.59 6 2.27 1.32 0.4918
Pure Error 3.44 2 1.72
Total 122.43 14
r 0.860 9
Adeq Precisior 8.503
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Fig. 1 Normal plot of residuals

46 > 46 Bl o
447 L=y 100 e SN . R A
B: Ar 42 »/*550 600 650 B: Ar 4442“* o600 650 700 B: Ar 4442 i Te00 650 700
407500 °Y 40’500 550 40500 330
A: Current A: Current A: Current
(a) 120mm  (b) 100 mm  (c) 80 mm

[l 2 AN [ WS BE 45 1 R LA A A 3 4] L B 3252 ) 1 3D i v (]
Fig. 2 3D response surface of porosity about I and Q,, with different d

PATEL 2 fy iy 1o TR AR R AR A6 RT DL B
WL AT Qa FIERE o = Fh R 2 % v 2 FLBR
R LR S 3 T LA 4. YRR AR R (A
B 2Ca)) , Bl A Qa B U R LI T 1 384
KRB ALER P B, WESLEE P &k
O O TN v oS N S 2 N P
Bl 2Ca) i Sk B 48 X8R, AH X B 1 % )2 L B R
P35 i 1 DX B PE R I R/ FLUR I P
RAEHENE 15%0 . KW o = K 5 % B Tk
AR SR N TN, S BUE AR E S
TR RIS o PR U b DX B8 T2 S 800 45 1 TR 2 B Tl
HTURL Al AL A 7843 R TR S J2 [F] 45 A AN B0
NIIRZ 2SR AN N { W S N e e 3L R
BLF CINE 2(b)) , BB S B Qa1 2D FlH
T BRI ZALE R P B AR, SRk

(9 TN R 2 Ca) J 2L {H B 1A L I3 A B
ik, BARMRIZSLE AR P Al LR 0 & 5/
9 DX 3 P R4S S X LR T XS LB 3 P OJLF
WA S AR 2 Ca) v Sk B i DX, 24 B A
INEF CAR L 2Ce)) B ARFL R R — 2D AR, W2
LB P B XK TR AWK B R
AR ATt A8 /0N« HL I A /0N T Rl DX 3, T R 2 (o)
TSk BT AR o X B TIE Y Y R B2
Ar 3t CH, B8 #5825 38 n 45 B3 - 58 3 14 Tk
JEFNHEAE L AR AIE Cro O, P % BURL 1 R4 5 4k L 1F
T 68 A5 0 2 AL A 2 BB S RSE 39 T ek
U JE R B BE RS I FLBR R . T A R
B2 Ar it/ (H, i 2) #5805 8+ 599 3 1 i
BEREAE 3 &5, Cr, O B & 0RL & AR 2ok I DO R
KU IR B EOR . FG TRZ AL P



42 2 B X @wW L E

2013 4F

o I A DX 52 B 2 45 B L S B0 i DR E
Cr, O5 P 85 JIURL IR A5 B 5 10 45 10 A AE A 1 1)
. 2GR SRR L 3 W ENE T
FENBCFBR, X Cr, O, W )2 09t S B k47 T
LAk AR R B R R WA I R 3% R 3R
R RV VAR J2 1 S Al R g PR D A R
TEHEE TR LZARENEX CrOs IRZ4 558
JE 520 i 0 SR AR B R IR O RT DA D TR
JEA LB . 3k B M A B A 2 B e i) A
ST — B0 U0 B3 g e 0l T b 2FT B AL A
1 Cr, Oy IR )2 LB 7 B 2 () 2 IR HEBA 1Y
EAS T R Y A2 3L 3D ity v AT LA JR] B2 A R0 s
VB 22l 37 A e RN e (] 58 HATE FH X Wi g Xof 42 1)
SEMA  ARAT I 52w B S A i, L2 SRR Sy B R
R DI NE RN A

L 5 R () AR R B 1 S B N X IR
JEALB R R MEHEAT T L 25 R 1k WK S,
ML e HERE B RE AR AT B /LB R 1 0 S BUR
Wit I=500 AL G & Qa = 40 L/min Fl W ff
d=80 mm, Jtt I 7 B8 2K A5 19 5/ FL B 83k 3]
1L5% . BA5 L 0. 90, J T A% M % H Ak
EHEZHERE KRS hEil TESH0h e £
RS RAEAT T AW, 7T LR SR P RE 05 3K
/ML R BRI S EX BRI [=700 AR
SR E Q=40 L/min fIBiHE d=120 mm,

{BASVE E Y2 . Box — Behnkne — i i i iy 1]
B 28 B 5 A8 & KA B4 A i
S — AT T A sl i AL AT e L 3RO it A
ST 7 AR DRI R T B A A AR i AR R, AN 3
PRI b TR0 12X 30 A S 30 4 9 7 AL I 38 e /M T
MSEGEE N . BInTER 2 B wlm & i 1=
700 ARSI E Q=40 L/min FIMiEEd =100 mm
At BRAR R FL B R 2. 8 %6 . FL I 2 B (i A 36 &%
F58 55 26 AR IR, 7o if
SEURGE 1 S A I U TR CFL R S LR D R
W 700 ALIEEE 110 mm B34S, HO 56 &4 5 %
5% 22.23 AR .

7E Box—Behnkne A58 4 X 41 f1 & 3 57 4 &
WS Z AT 3 A kil R, T2 S5 AL
R AN 6, 25 2 R WA T 55 AL B 8 R0 52
LB AR R 0n . AT WAL O R X () R e ik
LI S5 B AR S B A5 2 e R 5 LB
R A] Y B A B R, AT DL SR RORAE B R

Cr, Oy W2 LA RE DTN R 2% .

x5 RBEFLEERZEB TN
Table 5 Model prediction of porosity

Qur./ Porosity/
No. I/A d/mm

Desirability
(L *» min™") 0

1 500. 00 40. 00 80. 00 1.5 0.90

2~11 similar parameter to No. 1 1.6~1.9 0.89~0. 88
12 699. 98

40. 00 120. 00 2.2 0. 86

13~20 similar parameter to No. 12 2.2~2. 3 0. 86~0. 85

21 500. 01 40. 00 92. 96 2.5 0. 84
22 699. 94 40. 00 113.57 2.5 0. 84
23 700. 00 40.02 113.10 2.5 0. 84
24 635.08 40.00  120.00 2.9 0.82
25 699. 99 40. 01 102.20 3.1 0. 81
26 700. 00 48. 00 80. 00 3.4 0.79

27 700.00 48. 00 82. 14 3.5 0.78
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Fig. 3 Box-Behnken design of three—factor''"]
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Table 6 Check analysis of porosity

Flow of
Spray  Calculated Actual
N Current,  argon di ity/ ity/
o. 1stance  porosity/ porosity,
I/A Qa:/
d/mm % %
(L +min ")

1 600 40 110 3.2 3.6
2 600 45 110 6.9 6.3
3 650 40 110 2.9 2.6
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