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Process Optimization of Y,0; Coating Prepared by Atmospheric Plasma
Spraying Based on Response Surface Methodology
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(Hunan Advanced Coating Engineering Technology Research Center, Hunan Research Institute of
Metallurgy and Materials Co., Ltd., Changsha 410129, China)

Abstract: With self-made high-purity Y, O, powder as raw material, Y, O, coating was prepared on the
surface of A6061 aluminum alloy substrate by atmospheric plasma spraying. Based on the response surface
methodology. the corresponding response surface maps were constructed, and the influence of the interaction of
spraying voltage (60 —80 V), spraying current (500 —600 A) and spraying distance (100 — 120 mm) on the
microhardness and porosity of the coating was analyzed. The plasma spraying process was optimized. The results
show that a quadratic mathematical model of the microhardness and porosity of coating was established by response
surface methodology. The optimal process parameters of the Y,(; coating predicted by the model were listed as
follows: spraying voltage of 78 V, spraying current of 500 A and spraying distance of 120 mm. The corresponding
microhardness and porosity were 633.28 HV and 3.22% ., and the relative errors of the predicted value and the test
value were 1.92% and 1.26% ., respectively, verifying the accuracy of the model. Under the optimal process. the
surface roughness of the prepared coating was 5.733 pm, and the bonding strength was 25.6 MPa.

Key words: atmospheric plasma spraying; Y,; coating; response surface methodology; microhardness;

porosity
0 3| = T R R S U R T

Ji. 40 CF, \CCL, #4755 B 11 206k i LSO B db

AT B2 AR IE 3 0 B SR Ak i L BE SR XS e im M O U A B TR
SRR AR F AR SRR EE] 10 nm LA SIO, B AL Oy S X 20 Pl L T 20 B P BE 3k |
RAEFPRNEL 1 iU S 7 A kL 23 ﬁéa'%

YR B 83 : 2022-05-23: 41T AL 8 2023-06-01 [ , 45 e A5 0 ) A %%d‘ﬁ?mu%wiﬁ
TEBRIAr 220 (1988 —) . 5B BRI, TR, Wi+ Wi 3 oA 7= A B R 75 G EPEBE%%BZEE%E’J

45



ML EH %

MATERIALS FOR MECHANICAL ENGINEERING

N AT R EERLREAFETFHA Y0, AELY

/N BN A PERCRI T I — A E B R,

Y. O, MfbeEtese v m kv, RA R r
i b 2 S B IR T RE 7, 5 CF, &8R4
AL (YF,) BA BAR R 28 <%, HERA 5
TR I Y, O WA — R AU 1 20 ek A 19 6
SEAPEL. AR, H AR SE A E ZER TR T 20
BUT BTt JE b Pk BE A 5T, JF X e 2l 30% Y, 0, TR
Rl T 2T THRR 591K, WX iR 2 G e
PE TR 2 Ik T A5 S R Dl A AT T
B ENERLL Y, 0, RIZM K& T bAa T
A g AR R Y, 0, Bk Z ik,
I AR SR AH AR 1 I WA B TR A
DUREE AR 2 = 4l Y, 0, )2, (HIX S5 R pli A
K1 s HLIJCT A T 2 2 DAL ARE B2 DR A TRt [m] Fsf i,
AR T A A =

KRAEFEFWOIRBRBA AR il 555 2
FDRLRE BEAIR A TR I H B D05, wT LA
Tl Y,0, IRZE. RFEEFBIREAR T
JE FELTE IS U B 55 | 06 93 25 R S A6 A T 4 Bl i B 46
TESHE 520 T A MR 5% AT 53
IRFR . FEAEG B B T R Ab B v, FRAR o
A4 PRl g 1% H R 26 0y R 6 TR 2
Z HARRFER wi R pl I (response surface

(a) HUFSR

methodology, RSMD 1E 415 #b T 3K $ER I L 1% J7 7
T —RERCs Mgt r) TR, T35 &
PEEBCAA RS n] DL i 5 AR B0 YR R R AR
TR R A N 2 B OC R, LRI IR T2 S
B gt R B i AR R e T R )
R, B 1 20 P AT T 2 B i A5 g IR b fig L VR R
M AGIE L Y, O By, il i RASE B T iR 4L
ARIE A6061 AR Y. 0, U2, T 0w N i
TR AR) R0 1 R IOE £ e 17 gt T T 43 A7 T R L L F
Tt ISR PR B 1Y) A2 B A FH R U )2 A R L B R 1) 5
Wel, 3845 T UL A5 B iR T2, AR Z1 B AL
A2 v 2 0 AR AR T S

1 R EEKETE

B TR R A R I 25 AR A Y, O #
A, Sl R 99.95 %0, JWOkE 1) BRE B 151 4549 M 31 0
L5k OB K X AT 5T (XRD) 3 an &l 1 37
71 3 % Malvern Mastersizer 3000 B3 GHR7 3BT
FRBHKLAR 15 ~60 pm, "PHEDRLAE N 30.44 pm;
Y, 05 BHABIAA S HJ 1,68 geom L JRSLHE N
2.5 geem ' RIRFEECH 21.63. HAEK A6061
A4, R5FH 50 mm X 50 mm X 5 mm, FH N R
VEHARF I, B J5 A7 2R T B AD FAL BE

Y0,

fiil 3

“LJLDJJJLT@L&LM

10 20 30 40 50 60 70 80
20/(°)
(b) XRDit

E1 Y,0, HERNHUFERS XRD i
Fig.1 Micromorpholgy (a) and XRD pattern (b) of Y,O; powder
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Table 2 Response surface experiment results

RT3 A U J2 B AR 2 0 R B AE K, b2, T e Aty fia W/ LB/
YRR 40 KV, TAEHLR 100 mA, FHTE F Y W I WEREDE v %
0°~90°, FHHH A K 10 () emin ', R TR200 %I oot 0 oA 492
FEMLREIE DR 2 R IRk T, s © L ’ Pt v
WAW-600 MUHLAR TR SR FxbRRE i fjjj E
FO 25 4 R B AT , R 2 mmemin ', 0 o s o
PRI R 25 mm, WRHTH E7 B ia wes
PERRAERRE B BN 100 °C ARIRAR PRI 3 bl S, X 1o s
HI L. 8 1 0 1 540.2 4.43
2 iﬂﬂﬁéﬁ%'—ﬁﬁ'i@ 9 0 —1 —1 608.6 3.56
10 0 1 —1 571.2 4.05
21 MEHESHER 11 o —1 1 595.3 3.78
i 17 it TR 5 SR AN R 2 T s s X o R AR 7R 12 0 1 1 509.5 4.93
Bras RNk 3 FioR s 73 R MR (P R R A8 | 13 0 0 0 532.1 4.56
KRB (2FT B | ORI =k 205 4 A4k 14 0 0 0 518.6 4.35
BRI S A AT TG AR 3T B 1 0 0 0 bl 188
F3 RRHEENERSTER
Table 3 Model analysis results of test data
RIUEESHL
M b : T A 1 oy F i pfi
LR A 0.551 4 16 328.96 9 1814.33 5.52 0.162 6
2FT A 7Y 0.705 9 10 478.79 6 1 746.46 5.32 0.166 7
R TR 0.954 2 1077.74 3 359.25 1.09 0.510 3
=R 0.982 6 0 0
LR MR 0.575 8 2.49 9 0.28 3.89 0.221 3
2FT A7 0.717 4 1.61 6 0.27 3.77 0.224 3
b TR 0.950 1 0.17 3 0.06 0.78 0.603 1
=AY 0.977 1 0 0

TH 0T AR ALy R AT A3 AT s B AR AR
i H FSLBRR P (LG T 53 l
H =3 787.54 +46.29U — 12.651 — 20.88d
—0.048UI - 0.27Ud — 0.33U° 4-0.0141* (1)
P =—69.78 —0.15U + 0.231 +0.26d —
0.003 4Ud 4+ 0.003 5U% —0.000 21*  (2)
R4 ATJ0: B EE LA BRI F (AR

14.66, p {HAL A 0.001 1, F5EHY [y i 25 e g 5 A 0 4
PUEER) FAEA 1.07, p (HAUH 0.547 5 4RI 13
M2 5 AlA LRI A BRI F (20 11.02, p E
A 0.002 3, B I 2 M v s SRV U FE Y F (H
137, p {HN 0.479 0 ARRA R, K 2 i L
B LY, 0, 32 0 5 R FE AL B SR A4 5% 25 03 A
ORI PERAAE . R 3 vl DL& B, o (i B D

47



ML EH P

MATERIALS FOR MECHANICAL ENGINEERING

s A Tom o B KR AE B TR Y.0, RELY

FL B3R B o S5 503k i 23 A 2R LGB DAL R A R
A AR S A B 1 B oy g — 2D R A
LRI T

T4 ENEERMSRENAESNER

Table 4 Variance analysis results for microhardness
fitted model
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Table 5 Variance analysis results for porosity fitted model
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Fig.2 Normal probability distribution of residual of
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Fig. 4 Response surface maps between voltage, current and microhardness of coating under different spraying distances
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Fig. 5 Response surfaces maps between voltage, spraying distance and porosity of coating under different currents
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Fig.6 Micromorphology (a—b), XRD pattern (c) and section hardness distribution curve (d) of coating prepared under optimal process:

(a) surface morphology and (b) section morphology
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