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Abstract Plasma spraying technique which has been used for thin coating, up to now, was applied to make a thick
and high density ceramic deposit. ZrO.-20wt%Y:0; powder of high melting point of 2910K was used in this study and
deposit with up to 97% of theoretical density was obtained. Parameters of deposit process for higher density were plas-
ma chamber pressure, plate power, plasma gas composition, spraying distance, particle size and so on. The density of
the deposit and the shape of the splats were greatly influenced by degree of melting of the powder and chamber pres-
sure. Above all, fully melting the powder was the most important for higher dense deposit. With this condition, low
chamber pressure and short spraying distance which were supposed to give the great momentum to the flying particle
were also regarded as important factors. ANOV A technique was employed to analyze the interrelated effects as well
as the main effects of the experiment parameters.
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Fig. 2. Cut section of METCOZ202NS powder.
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Table 1. Summary of the YSZ powder deposition conditions by the induction plasma.

Parameters Level
Fixed Central gas flow rate, /_Xr( £ /min) 35
Paramerters Powder feed rate(g/min) 16.6
Carrier gas flow rate, Ar( £ /min) 5
Pressure in chamber, Pa(Torr) 200 & 400
Plasma plate power, Pw(kW) 80 & 60
Powder spraying distance, Zs(cm) 22 & 30
Variable Sheath gas compostion, Gx 120 ¢ /min(Ar)+10 £ /min(H,)
Parameters & 100 £ /min(Ar)+40 £ /min(N,)
H. flow rate of sheath gas, ¢ /min 10 & 20
Probe postion, Zp(cm) 4&8
Particle size, /m -150 & -90+45
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Table 2. Design of the powder deposition experiments of METCO202NS and its results.

Treatment Combinations Replllcate Rep121cate Repgcate Average
Condition A B C D Density Density Density De(x:/s;ty
Pa(torr) | Pw(kW) | Zs(cm) Gx (%) (%) (%) ’
I 200 80 30 Ar/H; 87.55 89.75 88.45 88.58
a 400 80 30 Ar/H, 79.54 86.74 84.8 83.69
b 200 60 30 Ar/H, 80.03 77.23 80.88 79.38
ab 400 60 30 Ar/H, 60.5 58.4 55.74 58.21
c 200 80 22 Ar/H, 92.81 89.53 879 90.08
ac 400 80 22 Ar/H, 88.64 88.89 87.34 88.29
bc 200 60 22 Ar/H, 82.58 86.78 89.16 86.17
abc 400 60 22 Ar/H, 82.98 80.13 78.84 80.65
d 200 80 30 Ar/N, 71.34 75.18 74.39 73.64
ad 400 80 30 Ar/N. 83.84 78.32 80.18 80.78
bd 200 60 30 Ar/N; 60.66 63.76 65.98 63.47
abd 400 60 30 Ar/N, 57.2 54.34 55.25 55.60
cd 200 80 22 Ar/N, 71.62 74.29 68.1 71.34
acd 400 80 22 Ar/N, 72.55 73.05 69.34 71.65
bed 200 60 22 Ar/N, 57.23 50.87 454 51.17
abed 400 60 22 Ar/N, 63.44 68.63 66.79 66.29
*Powder : METCO202NS, -150m
*Sheath gas: Ar/H,=120/10 £ /min, Central gas: Ar=35 £ /min, Powder carrier gas: Ar=5 £ /min
*Sheath gas: Ar/N,=100/40 £ /min, Central gas : Ar=35 £ /min, Powder carrier gas : Ar=5 £ /min
*Powder feed rate: 16.6g/min,  *Zp=4cm
Table 3. ANOV A for powder depostion experiments of METCO202NS.
Source Effect Sum of Squares Degree of Mean Squares F-value P-value
freedom
A 2.333 65.310 1 65.310 8431 0.007
B 13.38% 2151.103 1 2151.103 277.692 0.000
AB -2.526 76.583 1 76.533 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 26.301 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 1 433.261 55.931 0.000
BD -1.832 60.278 1 40.278 5.200 0.029
ABD -2.475 73.532 1 73.532 9.493 0.004
CD -6.046 438.685 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 4292 0.046
ABCD 2.160 55.966 1 55.966 7.225 0.011
ERROR 247.884 32 7.746
TOTAL 7230.968
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Fig. 6. Cut section of the deposit(left, 800X) and splats(right). At 60kW, 400Torr, Zs=22cm, Ar/N,=100/40 ¢ /min.
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Table 4. Design of the powder deposition experiments of different powder size and results.

Treatment Combinations Replicate 1 | Replicate 2 | Replicate 3 Average
At 80kW A B C D . . . .
. . Density Density Density Density
200torr Sheath gas Zp particle size Zs (%) (%) %) %)
Ar/Hfslpm)| (cm) (1m) (cm)
| 120/20 8 small 30 94.34 95.75 95.98 95.36
a 120/10 8 small 30 92.77 92.13 92.15 92.35
b 120/20 4 " small 30 95.12 95.00 94.63 94.92
ab 120/10 4 small 30 91.71 93.67 89.79 91.72
c 120/20 8 large 30 91.64 94.76 90.70 92.37
ac 120/10 8 large 30 90.24 89.75 88.45 89.48
be 120/20 4 large 30 94.24 92.09 94 .45 93.59
abc 120/10 4 large 30 87.55 89.75 88.45 88.58
d 120/20 8 smalil 22 97.44 96.30 97.30 97.01
ad 120/10 8 small 22 96.51 94.38 95.24 95.38
bd 120/20 4 small 22 96.45 96.56 96.35 96.45
abd 120/10 4 small 22 95.55 93.58 94.49 94.54
cd 120/20 8 large 22 96.65 94.04 95.19 95.29
acd 120/10 8 large 22 92.53 91.20 91.15 91.63
bed 120/20 4 large 22 95.42 93.53 92.63 93.86
abed 120/10 4 large 22 92.81 89.53 87.90 90.08
*Large : METCO202NS, - 150;m
*Small : METCO202NS, - 90+ 45/m
*Powder feed rate : 16.6g/min
Table 5. ANOV A for powder depostion experiments of different powder size.
Source Effect Sum of Squares Degree of Mean Squares F value P value
freedom
A 3.137 118.064 1 118.064 72.169 0.000
B 0.639 4.902 1 4.902 2.997 0.093
AB -0.337 1.386 1 1.367 0.836 0.368
C 2.856 97.870 1 97.870 59.825 0.000
AC -0.699 5.866 1 5.866 3.586 0.067
BC -0.023 0.007 1 0.007 0.004 0.950
ABC 0.222 0.590 1 0.590 0.360 0.552
D -1.984 47.243 1 47243 28.878 0.000
AD 0.387 1.802 1 1.802 1.101 0.302
BD -0.455 2.484 1 2.484 1.519 0.227
ABD -0.240 0.691 1 0.691 0.423 0.520
CD -0.275 0.907 1 0.907 0.555 0.462
ACD 0.275 0.908 1 0.908 0.555 0.462
BCD 0.372 1.665 1 1.665 1.0188 0.321
ABCD 0.263 0.827 1 0.827 0.505 0.482
ERROR 52.350 32 1.636
TOTAL 337.543
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Fig. 7. Spheroidized particles(100X). (7-a: 80kW, 200Torr, - 150m, Ar/H.=120/20 £ /min, 7-b: 80kW, 200Torr, - 90+ 45m, Ar/H.

=120/20 £ /min)

o] ~150im Z7)9] B3} -90+45m 2719 L& 7zt
SEBABLL 2 ZAE oo Ay AT} v)wstgdn) o]
Ao e HA o dyoM FaF W,E BA5 Sz
ubz 9 A W iehE g 2 AnE Yy 270
2 aAAN7 D Hxrlas £ Z2FE Bodd Ar/H.E
Addstgot. zeiv o] AddelA Hartart g 2
Zo) JP Z S A e g BAEend Ar/H,
7b2 9 Ho oS 0 934217 Botar, 2giAady
EezolE X Wi 49 97 5§ MEL HFE 98]
o Ar/H.7t2 59 H, 3, 48430 Zep=xalg R
Wio e 915, ixtar) g EFEEAA e 5 4714 W
S 2] AYI A =AM AjHY) WUE W olE ¥
Sof wAE 2t HEEo] 93¢ ANOVAJ] o 48]
T2 AE E 4 % E 5 Jeliidch. o) A4 Ar
/Ho7k2e 39 H, 35 Ab=7]9) ddfe] & Ao
Ehgtom, 1 ohg du A e 9 EEARe $F &
o2 HriEqich, 223 2FEI Sl e Honrsd Qab)
JARrzr] QdAbe) Az =FEHE wW(ZE 59 2FEI
‘AC) 2 9%E vAe AR BAEUnh. At
200Torr, Z2}2eHEag 80kWE LA BE A4
A AHEY WEe A9 90% o1& Jehiigler, £ 4
27 QoA o]BUE 2 97.01% ¢ HAHEL I8+ 9l
oot 28 7-a % 2§ 7-b= 80kW, 200Torr % Ar/H,
=120/20 £ /min 274 -150/me] &3 -90+45/m
o] FUE zH EARsEe] AUl Rol] AXF gz
e od@ Babo) slxled). ErfxnlEE S E3g 5
FoAME =277} oha 2L §IAFER A SFEH T3S
yelglot, 277 & YAELS 4557 Fitn 22
ol slgltt. o] Agle g gixte] A7) AXHE] U
o BlA= Fel F& & F Ul

4.2 B

8470 ¥ Ay 222 bnm o] $AF 7
£ UE P48 Yo 4% mlHt e o
$5¢ ST ANOVAS) 2jsto] o5 o] Japg B}
ek WA WeIARYE, FetzebEd, 2REAAe g
Sazobrle 359 4700 WSEA LYY A FEE

o] Ao g v FouFE Sel2erls 5 9
oy e 2 veht Zefzele] 2x5) S $a%
& AL, a2 Ar/H. & AHES
r/N.& AHshe A¢8n & IHUes
Bolon, Fejanpide] 52 29y zURS AHES
sk 293t 2R EH FollMe EYpRals R}
Ay stae] A% 23dE o "WEd =24 93-S v)H
© A2 FAFI. TAdT tAFF stele Fepii
G EdEAbAR Y] 2:12F 2P E I F A S Yo
ZA GHE v ZeE vepkdoh &, Ywulrghy,
Fefzobs¥d 9 Eefzel JASRE 2 SR
vhrbs Fo) H,9o f3, FuiAige) 9%, odxp=7), &
BEAAE 5E HEE 3] AR AT E H.9
=, dx=27], e SR FobE9led, Ha9 #
o] E31 Jze] =Y} AR TR A B 45}
=9k3, EAARY) substrate 258 ke AN =
AAUEE velyiich. o4 HELZA, 2 W
e Yl Hde EE SALE A9 Aol
T2, ) 44§ 270 o]F o)A At
Hol] Yy BubiAlA7E gE 24 5, BalsEe 229

o 1l
Y

]

o

RS 24 dhe £2o] WEFI fF Aoz A
= ich
EOEE

—

. E.Y.Sun, J. of the American Ceramic Society, 80
(1), 264 (1997)

2. W.H.Zhuang, D.Gray, K.Etemadi and D.M.
Benenson, Plasma Chemistry and Plasma Process-
ing, 16 (1), 1275 (1996)

3. T.Yoshida, Materials Transactions, 31 (1), 1(1990)

4. M.Andritschky, L.Rebouta, H.P.
Buchkremer and D.Stover, Surface and Coatings
Technology, 76-77, 101 (1995)

5. M.I.Boulos, J. of Thermal Spray Technology, 1 (1),
33(1992)

6. S.Dallaire, J. of Thermal Spray Technology, 1 (1),

41(1992)

V.Teixeira,



706

7.

10.

11.

E.Bouyer, F.Gitzhofer, M.I.Boulos, Proceedings of
the 8th National Thermal Spray Conference, Hous-
ton, Texas (1995)

. A.Y.Wong, Laboratory Report, The UCLA Plasma

Physics Lab, UCLA, USA (1995)

. C.S.Wang, H.T.Chang and N.M.Wu, Proceedings of

the 50th Industrial Waste Conference, W. Lafa-
yette, IN, United States (1995)

T.Yamamoto, K.Mizuno, T.Tamori, A.Ogata, M.
Nifuku, M.Michalska and G.Prieto, IEEE Transac-
tions on Industry Applications, 32 (1), 100(1996)
H.Ahn, M.Hur and S.H.Hong, Proceedings of 1996
[EEE International Conference on Plasma, Boston,
MA, United States (1996)

12.

13.

14.

15.

16.

17.

AT A8 A8E (1998)

K.Okazaki, T.Nozaki and Y.Uemitsu, Proceedings
of 12th International Symposium on Plasma Chem-
istry, Minneapolis, MN, United States (1995)
S.Bammidipati, G.D.Stewart, J.R.Elliott and S.A.
Gokoglu, AIChE Journal, 42(11), 3123 (1996)
R.P.Mulpuri and V.K.Sarin, Journal of Materials
Research, 11 (6), 1315 (1996)

D.C.Montgomery, Design and Analysis of Experi-
ments, 290, John Wiley & Sons, N.Y., (1997)
S.Sodeoka, M.SuSuki and K.Ueno, J. of Thermal
Spray Technology, 5(3), 277 (1996)

M.Boulos, P.Fauchais and E.Pfender, Thermal Plas-
mas, Volume 1, 213, Plenum Press, N.Y., (1994)



