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Optimization of the Plasma Spray Coating Parameters of Ni-5%Al Alloy Powder
Using the Taguchi Experimental Method
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*Dept. of Welding and Production Engineering, Hanbat National University, Daejeon 305-719, Korea

Abstract

Ni-5%Al alloy powder is widely used as the bond coating powder to improve the adhesive strength between the

substrate and coating.

The important properties in the bond coating are the deposition efficiency and surface

roughness. In this study, it was tried to optimize the plasma spray parameters to maximize the deposition efficiency
and surface roughness. In the first step, spray current and hydrogen gas flow rate were optimized in order to increase
the deposition efficiency. In the next step, the seven plasma spray variables were selected and optimized to improve
both the deposition efficiency and surface roughness using the Taguchi experimental method. By these optimization, the
deposition efficiency was improved from about 10 % at the frist time to 51.2 % by the optimization of spray current
and hydrogen gas flow rate and finally to 65.2 % by the Taguchi experimental method. The average surface roughness

was increased from about 12.9 ym to 154 m.
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ZAZE A319 EFE S ARSEIYE A319
d2n)F ¥ 5~6% Si, 0.8% Fe, 4~5% Cu,
0.3% Mn, 0.1% Mg, 0.5% Zn, Al¥ 4L 71X
= o4 (hypoeutectic) FELEAM FEAo] uif-
Holuhm] 2 QX BEol| ol AlgHm I =
AE 20x80x4° mm A9 HY AFHeR shEet
At Zelznl gA1 BoaE Ni-b%Al 249 84
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Fig. 1 Morphology of Ni-5%Al powder
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Power feed rate =0.4499-0.2458+0.0772x%+1.8389y
+0.00833xy~0.00182y2

(x: Carrier gas flow rate, y: Power feed rate setting)

Fig. 2 Powder feeding characteristics of Ni-5%Al
powder
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Y 882 A A-F AT AR FARYH
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Fig. 3 Scanning method of the spray gun
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Fig. 4 Positions of the selected plasma spray coating
parameters
(1) Powder feeding position (2) Injector dia
meter (3) Injector distance (4) Spray distan
ce (5) Plasma gas flow rate (6) Powder carri
er gas flow rate (7) Powder feed rate
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Parameter
Powder feeding position | Top | Bottom

Injector diameter, (mm) | 1.5} 1.8 |20
(mm) 4 6 8
(mm) 120 140 | 160

Primary plasma gas flow
rate (Ar, 1/min.) 41 48 55

Powder carrier gas flow
rate (Ar, 1/min.) L5 2.1 |27

G | Powder feed rate, (g/min.) | 18 27 36
(number of passes) 24 18 |12

Injector distance,

Spray distance,

o | " |O|Q|w |

SAPFY FAvte G W] ©E §Al=H
"89] 2FAINE Fig. 5ollA RAFED. 471~ F
2ol 10 I/min¥ W $AIEE F&S SARFIT 500A
NN 650A% 27k wet 3435 ZAElanh. 4
7k~ 88& 13 |/min® VRS W 8A1EE &
& AR 500ANA 550AR F7Vel wet §
A3l F7tetdou 600ANAM 650AA )0l A
gtk &AL Ao I Favts fEe] AdS
sl EARF 600A, FA27FA F% 13 1/mine
2 Zopzv 81218 At ofn 8AlEE &
92 51.2%% AU 1WAZ £ARARS favta

TS HAgteHon, g thE SAMRSES
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Current (Amp)
Fig. 5 Effects of the spray current and Hz flow rate
on the deposition efficiency
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oA ol o3 Ni-5%A1 3 B89 Zek=zel 8Alme 2319 235 123
EAMASE0| BAIRE E800 DIXlE ¥E : 2
32 BAl50| BAtZE =80 ol S/N Ratio = — 10 log 10(_1 3 ;2)
Zohzol Az e $AlEY BES 242 | ogua - 2 —
€7 #Hads, S/N Hl(Signal to Noise Ratio)e
Table 2014 BolZt} £A}7E 5L Z4HE F7) EAMASEC] SALEE E& HAUF S/N w9
w &) iS4 (Larger the Better type)o] mat  PIAIE 92 Fig. 604 adZ= Hojgr, §AM
S/N HlE thee] 2o o) Axkstdn?. FE°| HagT S/N Hldl vX& 92 A v

Table 2 Experimental arrangement of the parameters on a L18 orthogonal

denosition efficiency and surface roughness

array and the results for the

Deposition Efficiency (%) Surface Roughness (¢m)
No.| A B C D E F G
1 2 3 Aver. | /N 1 2 3 |Aver.| S/N
1 {Top|15]| 4 [ 120] 41 |1.5| 18 |51.28(49.14|47.22|49.21 |33.83}10.2| 8.7 | 11.7| 10.2 119.98
2 {Top|15] 6 | 140 | 48 | 2.1 | 27 {63.4761.52|61.02]62.00 [35.84112.0|12.5} 9.7 | 11.4 |20.97
3 |Top | 15| 8 | 160 | 56 | 2.7 36 {20.31123,27(24.02{ 22.53 |26.99(10.7]11.5]14.5] 12.2 |21.54
4 |Top | 18| 4 | 140 | 48 | 2.7{ 36 |37.78139.64|39.26| 38.8931.79|12.212.7|14.7| 13.2 [22.33
5 | Top {18 6 | 160 | 56 [ 1.5{ 18 |55.76(57.38[55.49| 56.21 }34.99(12.7{14.2(12.5| 13.1 |22.33
6 | Top |18 8 | 120 41 | 2.1 | 27 [45.33]|44.23{46.60145.39{33.13{15.7|16.0110.5| 14.1 {22.46
7 | Top 20| 4 120 56 | 2.1 | 36 [66.46[61.69]60.18]62.78 |35.93112.5]16.7|17.5] 15.6 ]23.55
8 | Top | 2.0 6 [ 140 | 41 | 2.7 | 18 159.34|56.90|58.18| 58.14 (35.29|13.5|14.0|14.0| 13.8 |22.81
9 | Top |20 8 | 160 | 48 | 1.5 27 [55.21160.65|55.84157.23 [35.13|11.2112.7|16.0| 13.3 |22.20
10 |Btm| 15| 4 {160 | 48 | 2.1 | 18 |61.92]60.34{59.07(61.01 |35.71{11.7{ 9.5 |11.0] 10.7 |20.51
11 [Btm | 1.5 6 | 120 | 56 | 2.1 | 27 (44.94145.51|43.14|44.53{32.97|14.7|17.0112.2| 14.6 [23.07
12 |Btm |15 8 | 140 | 41 | 1.5| 36 |63.69|60.93|59.07}61.23|35.73|13.5|12.7{12.5] 12.9 (22.20
13|{Btm|1.8] 4 | 160 | 41 | 2.7 | 27 |27.18|26.82|27.66]27.2228.70|12.711.5] 9.2 | 11.1 [20.69
14 {Btm| 18| 6 | 120 | 48 | 1.5 | 36 [56.59!55.39|53.49| 55.16 |34.82|15.2}16.5(14.7| 15.5 |23.76
15| Btm| 1.8 8 | 140 | 56 | 2.1 | 18 |50.08|48.96|49.42|49.4933.89|13.5|12.5|11.7| 12.6 |21.94
16 | Btm | 20| 4 | 140 | 56 | 1.5 | 27 |58.69|57.37|54.2756.78 {35.07112.711.7|11.2| 11.9 |21.45
17 |Btm{ 20| 6 | 160 | 41 |2.1| 36 |64.31|58.58|58.58! 60.49 [35.61{12.5(13.2]11.5| 12.4 |21.83
18 | Btm | 2.0 8 | 120 ] 48 | 2.7 | 18 |64.44|62.70|60.22(62.45|35.90|12.2|14.5|13.5| 13.4 {22.48
~ 70 ~ 70 ~ 70 ~ 70
) ) ) )
\EGO L260 %60 :Z;GO-
§ s0] =" § 50 -\/ ‘é 50 /\- § 50 1 k’—.\_
Z Z Z Z
w7 40 1 vl 40 vl 40 Ul 40
g30 §3o —" Eéso T §30—
QZO D20 Q20 QZO
Top Btm 1.5 1.8 2 4 6 8 120 140 160
Powder feed position Injector diameter (mm) Injector diameter (mnm) Spray distance (nm)
~ 70 ~ 70 ~. 70
) ) g
‘;’eo ‘g’sm EGO
Erol 50/ ’—’\ L N
Z Z Z
U} 40 U3 40 Ul 40
§ -~ o § o——o\. § " e
Ej3°' Eiao- ‘@30
P A 20 P
41 48 55 1.5 2.1 2.7 18 27 36
Ar flow rate (/min) Carrier flow rate ¢/min) Powder feed rate (g/min)
Fig. 6 Effects of the plasma spray conditions on the deposition efficiency and S/N ratio
(M : deposition efficiency, @ : S/N ratio)
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AS BHoFErd, SAPASE] 93-S F o AP Atgo] £8 (pooling) ALY . EREEvlA §3
2 N5 dal] BAlEE Z&e HI@H S/N ¥ I JAE HHo] SA=E g8 PF & FES 1)
o thgt BEAMREX(ANOVA, Analysis of Varlance) Rom tE SARISFES 8AIEH 89 A9 JES
< FYsitt. SAPATEY] HE S/N HE F w2 oottt BaEgEvkA ) QA Ade &
A WA & Aolrt glen, HA gAlxze 4% T Bl H|g) Fo Zekzel g FHARE B3t
Lo FFAFHOE F2AAE 18F S/N HE AUz & dFd & 43S nAE dAST. &Al7E 58
e 2Hg $AHog AFsheE Aol ubgAsith & Edo] ZEiznt s o dvh) ggFog 7}

Table 39]A& S/N vlo] thgh B4HEA AE Hdo
Foh AHFAD)Y $ako] 48] Agtom ARA%
£ A% Aoz BoEh, BAEA Aoy mw
529 F, (2 2 ASole 9%l Ad gl

Table 3 ANOVA for S/N ratios of the deposition

efficiency
Chr. Factor Df SS \Y Fo Ro(%)
p Powderfeed gy g6 g5 - -
position
B Injector diameter 2 22.12 11.06 2.88 13.24
C Injector distance (2) 8.28 414 - -
D  Spray distance (2) 11.14 5.57 - -
E Primary plasma (9) 786 393 - B

gas flow rate

F Powder carrier 9 36.89

18.45 4.80 26.79
gas flow rate

G Powder feed rate (2) 850 425 - -

I ERROR (2 3.17 1.58 - -
e Error (2) 939 4.69
(e)  Pooled error  (13) (50.00) (3.85) 59.98
Total 17 109.01 100.0

Df : Degree of freedom(parentheses mean pooled),
SS @ Sum of square, V @ Variance, Fo, : F value,
R, : Percentage contribution
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Fig. 7 Effects of the plasma spray conditions on the surface roughness and S/N ratio
(M : surface roughness, @ : S/N ratio)
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ool 3 Ni-5%A1 3= 3¢ Zet=nt §41=28

A @itk olF Felde AR A7, A" A,
LA, BEdESsrt of1te 9% vtk B9

AZ79 FolME JAE A7 2.0 mm, AAE Az
6 mm, $AHAE 120 mm, FEE5EEE 36 g/mine
2 ARk ol HidHei, oY EHAAYY 7]
A& Ateld BH 157 mE FFHASD. o]RAS A
4] Bgkol 12.9 mell Blsk] I w2 glo=
ALY FAsle] ofa) eizte] dsE 71U 5 Sl

Table 4 ANOVA for S/N ratios of the surface

roughness
Chr. Factor Df SS \Y% Fo  Ro(%)
p  Powderfeed () 5003 0003 - -
position
B Injector Diameter 3.59 1.79 3.34 14.27
C  Injector Distance 3.40 1.70 3.17 13.22
D Spray Distance 3.22 161 3.00 12.18
Primary Plasma B B
E Gas Flow Rate (2) 128 0.64
Powder Carrier
F Gas Flow Rate (2) 023 0.12
G Powder Feed Rate 2 2.56 1.28 2.38 8.42
I ERROR (2) 0.13 007 - -
e Error (2) 3.20 1.60
“(e) pooled error (9) (4.84) (0.54) 51.90
Total 17 17.61 100.0
Df : Degree of freedom(parentheses mean pooled),

SS  Sum of square, V ! Variance, Fo, : F value,

Ro © Percentage contribution
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He flow Powder Injector Injector Spray Ar flow | Carrier gas | Powder feed
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