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ABSTRACT Thick and dense deposit of higher than 97% of theoretical density was formed by induction
plasma spraying. To investigate the effects of powder morphology on the density of deposit, two different
kinds of Yitria-Stabilized-Zirconia powder, METCO202NS (atomized & agglomerated) and AMDRY146
(fused & crushed), were used and compared. After plasma treatment, porous METCO202NS powder was all
the more densely deposited and its density was increased. In addition to the effect of powder morphology, the

process parameters such as, sheath gas composition, probe position, particle size and spraying distance, and so
on, were evaluated. The result of experiment with AMDRY146 powder, particle size and spraying distance af-
fected highly on the density of the deposit. The optimum process condition for the deposition of -75 um of
20%-Yttria-Stabilized-Zirconia powder was 120/20 [/min of Ar/H: gas rate, 80 kW of plasma plate power, 8
cm of probe position and 150 Torr of spraying chamber pressure, at which its density showed 97.91% of
theoretical density and its deposition rate was 20 mm/min. All the results were assessed by statistical approach

what is called ANOVA.
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Fig. 2. Morphologies of AMDRY146 powders & cut sec-

* tion.

Table 1. Measured particle size of YSZ powders

Powders mesh avg. dia. by  avg. dia. by

size, {lm number _ weight

counted fraction

average average

size, pm size, um

METCO -150 30.70 70.0
202NS -90+45 59.52 81.11
AMDRY146 -45 22.98 46.11
=75 25.45 59.93

-90 28.21 74.33

*The theoretical density of 20%-YSZ powder: 5.482 g/cc.
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Fig. 3. Schematic drawing of the powder deposition
equipment for 100 kW plasma spraying system.
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3.1. METCO202NS £219| E&alsy

YSZ202NS B#-& AW WA A), ezl 5
H(B), 2 £4AE(0) 2 H27ks ZAHD)S 471
A W 27t 278 oA M= 23sle] 4§
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Table 2. Design of the powder deposition experiments 9l ghduiss 1 o] o ZQ}E} o] ZH3}o]| u]A] = o3

of METCO202NS and its results go wAEt A 1} 7ok}
o r,]_n .
Condition ' Treatment Combinations Avg. 311 LHEtorad (A
e G A Lot @)
— : : (%) 2E ARAFANA] Fos- ‘Q"'—‘]O] FE4E F
(Ton) a0 (ZS) - L2 AAYES e gk 1 olf Y ghell
Torr k cm
Eolzul o]l e 7 = c:] 1 Zgl=ul &
I 200 80 0. A, 8833 getzet o o] SEAe FUIE A% ERk2eh 2
a 400 80 30 AvH. 8369 w9 FrrE}e} LZJ.°H F7h7 A%k 2] A
b 200 60 30 - AyH, 7938 A7t 27V ET), o8y Buke] w2 402 Qlah
ab 400 - 60 30 ArH, 5821 Cmd = = 1 A A 7hg)
. 200 20 2 AgH 9008 A5 2 i} A7} 3 ]°ﬂ —P%—‘{ 23 Yzt
Lac 400 80 22 AvH, 8829 3.1.2. Z2I=0LSH®)
be 200 60 2 AYH, 8617 - ANOVA 24737 ZalrolEals) Wsls 427
abc 400 60 22 AYH, 8065 2 ARG o5 % Theo 2 o
d . 200 80 30 AN, 7364 Asfell 23 A 5 Zi_oﬂ =LA < %
ad 400 80 30 ArN,  B0.78 2 A FeAxE AgEgd. 53] Sek=atE
bd 200 60 30 AN, 6347 o] FIEAABC), 2T FeTgE o 2
W w0 s 2 mn e SPGB0 23 g 2 sex v
acd 400 80 » AN, 7165 ok, Eehzet FHo] g Aol A Rt
bed 200 60 22 AN, 5117 . Hel wst= AR E0] U Ao ¢dEke nA)z] o
abed 400 . 60 22 AT/N,  66.29° gtch,

*Powder: METCOZ202NS, -150 pm. *Sheath gas: Ar/H,= [
120/10 l/min, Central gas: Ar=35 l/min, Powder carrier 3'1_'3' EHEMIAEIC)

gas: Ar=5 //min. *Sheath gas: Ar/N;=100/40 //min, Central CAHAN AN BEEAA} A E DR ‘31
gas: Ar=35 //min, Powder carrier gas: Ar=5 //min. *Powder A= ofike o2 gold u]3le] 28] =27 4L
feed rate: 16.8 g/min. *Zp=4 cm.

Table 3. ANOVA for powder deposition experinients of METCO202NS

Source -Effect . Sum of Squares Degree of freedom Mean Squares F value P value
A 2.333 65.310 1 65.310 8.431 0.007
B . 13.389 2151.103 1 2151.103 277.692 0.000
AB -2.526 76.583 1 76.583 ‘ 9.886 0.004
C -2.785 93.102 1 93.102 12.019 0.002
AC 4.363 228.420 1 228.420 29.487 0.000
BC' 4.120 203.734 1 203.734 26301 0.000
ABC -5.296 336.603 - 1 336.603 43.453 0.000
D 15.244 2751.997 1 - 2751.997 355.263 0.000
AD 6.009 433.261 1 433261 55.931 0.000
BD -1.832 40.278 1 40.278 5.200 0.029
ABD -2.475 73.532 1 73.532 9.493 0.004
cDh -60.046 438.685 1. 438.685 56.631 0.000
ACD 0.324 1.258 1 1.258 . 0.162 0.690
BCD 1.665 ~ 33.250 1 33.250 4.292 0.046
ABCD 2.160 . 55.966 1 55.966 7.225 0.011
ERROR 247.884 - 32 7.746
TOTAL 7230.968

*Z: ANOVA £4-& 517] $)3le] A 22ke] 226 delz] FaaH(main effect) = FEAS] 235 2¢aA
(interrelated effecty=-2] %77 & (mean square of the main effect of their interactions)¥} ¢ =}.2] 7| F(mean square of
random erroryg 78 th& FEN w 2FEAES 94 AFHTLZ o] FA|(F value)s Tt Th o] 3
w2 B foleFolAe] P2} wlmate] WAk ojatel e 1 W)k Aol Tt FE PIAE AL
2 7pFsle, w4k o)stoldl Ao v]x| d¥ke] AL AL 2 4l ghc). Table 38 W $-Zof o5 gt
& le) Ak Eotek
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Fig. 4. (a) Deposit(800x) of METCO202NS powders at

80 kW, 200 Torr, Z,=22 cm, Ar/H,, (b) Splats of METCO
202NS powders at 80 KW, 200 Torr, Z=22 cm, Ar/H..
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- AEHA eRg). Fig. 4-a 2 4= 80 kW, 200 Torr,

Zs=22 cm, Ar/H,ol4 9] A& E(p=90.08%)2] Aokl

- 3 splat AFZle]d, Fig. 5-a ¥ 5-b: 60 kW, 400
“Torr, Zs=22cm, Ar/NollAde] 3#E(p=66.29%)2]
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Fig. 5. (a) Deposit(800<) of METCO202NS powders at

60 kW, 400 Torr, Z,=22 ¢cm, Ar/N,, (b) Splats of METCO
202NS powders at 60 KW, 400 Torr, Z,=22 cm, Ar/N..
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Table 4. Comparison of deposit density between plas-
ma treated and original powder deposition

Treatment Combinations Avg.
N A B C p Density
Condition (%)

Sheath gas Zp  Powder ZI
ArH, (J/min) (cm) type  (cm)

120/20 8 treated 30 95.21
a 120/10 8 treated 30  92.06
b 120/20 4 treated 30 9561
ab 120/10 4 treated 30  90.64
c 120/20 8 original 30 9236
ac 120/10 8 original = 30 = 89.35
be - 120/20 4 original 30 91.92
abc 120/10 4 original 30 88.72
d 120/20 8 - treated 22 9455
ad 120/10 8 treated 22 9257
bd 120720 4 treated 22 9574
‘abd 120/10 4 treated 22 91.16
cd 120/20 8 original 22 94,01
acd 120/10 8 original 22  92.38
bed = 120720 4 original 22 9345
abed 120/10 4 original 22 9145

*“treated” : plasma processed METCO202NS powder be-
fore deposition.
*“original” : METCO202NS original powder.
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Fig. 6. Sphervidized METCO202NS particles at 80 kW,
200 Torr, Ar/H;=120/20 //min.
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Table 5. Spheroidization experiment with -75 pm AMDRY146

5 vehligl) 3
P TG 16.8 g/min, £'0o]E

Za}=v} 7} (central gas)

Experiment condition Collecting Collected powder Spheroidized

16.8 g/min, Gx Zp. cm position weight (g) Wit% NC. %
200 Torr, center | 36.4 76.2 98.86
80 kW 120/20 8 surround 114 238 97.08
total 478 100 98.01
. center 29.71 65.6 91.65
120/10 8 surround 15.61 34.4 89.90
total 45.32 100 90.62
center 350 66.1 94.83
120/20 4 surround 14.62 339 89.85
total 49.62 100 91.92
center 31.26 70.6 90.70
120/10 4 surround 16.14 294 89.10
total_ 47.40 100 90.03

*N.C.: The particles number %: the spheroidized %.
*center: diameter 130 mm water basin below 100 cm from the torch.

*surround: diameter 280 mm water basin below 100 ¢m from the torch.

*weight of sprayed powder during each experiment: 75 g.
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.Table 6. ANOVA variables for AMDRY146 powder
deposition

Table 7. Powder deposition experiments and resulis
with -90 and -45 pm of AMDRY146

Parameters Level
Fixed Central gas flow 35
Parameters rate, J/min (Ar)
Powder feed rate, 16.8
g/min
Carrier gas flow 5
rate, //min (Ar)
Variable A, Sheath gas . 120(Ar)+10(H,)
Parameters  composition, &
Gx, l/min “120(Ar)+20(H,)
B, Probe position, cm 8 & 4
C, Particle size, <x pm 45, 75 & 90
D, Spraying distance, .22 & 30
Zs, cm ‘
E, substrate temperature, 400 & 800,

°C uncontrol

9 471 ARG A7 kR $EL 2 2gule] A
A3e Ak 3714 90 um} 45ume)
7} #e] AMUE Y ANOVARA Ashabg 1}
B lek(Table 7 % 83FE).

33.1 #1ATIA FO| H, 72HA)

|27k~ 2 Ar®] R 120 /min2 WA A7)0
H,9) #5210 =& 20 /minZ W3} AA 3359
x| A& JF-E T8 27 Table 8o vehal
Hjg} zho] Hxvhx Fo] H, H3E JHUE 2
AP T Ao vhehgrh

At Treatment Combinations Avg.  Depo-
B00kW ™ gy oo Zp particle Zs Density sition
-2 gas  (cm) size  (cm) rate
Tor  Avm, (m) (mx/
(l/min) min)
120/20 8 -45 30 95.70 4.2
a 120/10 8 -45 30 94.14 4.0
b 120/20 4 -45 30 95.57 5.6
ab 120/10 4 -45 30 91.66 4.2
c 12020 8 -90 30 B86.67 5.0
ac 120/10 8 -90 30 82.54 4.0
be 120/20 4 -90 30 8472 4.5
abe 120/10 4 -90 30 80.04 3.0
d 120/20 8 -45 22 9717 54
ad 120/10 8 -45 22 9633 6.0
bd 12020 4 -45 22 96.88 6.5
abd 120/10 4 -45 22 9554 6.0
cd 120720 8 90 22 94.80 7.5
acd 120/10 8 -90 22 89.15 7.0
bed . 120/20 4 -90 22 93.70 7.5
abed  120/10 4 -90 22 87.50 5.5

332, 22 BAIEO| YXIB)

FohEet BEAW] HXH= 2 AR 914
& 2 9o 2ve) 8 emsh 4emE 242} WA
3 Pwe) Jakg A AT LAe] FL 915
¥l v 5o WEo| A Eo) YA=grh. 2 o] f
olehi Rate] AFATL 27} Yt Fekmeh €

Table 8. ANOVA for power deposition experiments of -90 ad -45 wm of AMDRY146

Source Effect Sum of Squares Degree of freedom Mean Squares F value - . .+ P.ovalue
A 354 150.24 1 150.24 31:.10 "0.00
B 1.36 2225 1 22.25 461" 0.04
AB -0.492 2.90 1 2.90 060 ° - 044
C 7.98 764.80 1 764.80 158.32 - 0.00
AC -1.627 31.75 1 31.75 6.57 -0:.02
BC -0.438 231 1 2.31 048 0.50
ABC - <0217 0.56 1 0.56 0.12 0.74
D -5.003 300.30 1 300.30 61.16 0.00
AD 0.03 0.01 1 0.01 0.00 0.96
BD 0.40 1.96 1 1.96 0.41 0.53
ABD -0.231 0.64 1 0.64 0:13 0.72
cb 2.79 93.58 1 93.58 19.37 0.00
ACD 0.79 7.51 1 7.51 1.55 0.22
BCD -0.021 0.01 1 0.01 0.00 0.97
ABCD -0.231 0.64 1 0.64 0.13 0.72
ERROR 154.59 32 4.83
TOTAL 1534.04
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