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Abstract

The characteristics of the high—performance ceramic coatings fabricated on the optimum processing con-
ditions for the atmospheric plasma spraying are cvaluated by various material tests and analyses. The opti-
mum processing parameters for the plasma spraying are determined by using the twolevel orthogonal arrays
of fractional factorial testing method as a statistical approach. Material tests for the coating specimens are
carried out to evaluale microstructure, hardness, adhesion strength, and deposition efficiency. The properties
of Al0;—13%TiO, coating are discussed with regard to the effective processing parameters. The
decarburization effect of WC—12%Co coating is examined by XRD analysis in terms of the arc power and
the secondary gas species. The hardness of Al,—13%Ti0; coating is increased with the arc power and
shows the maximum value at around 40 Ipm of Ar gas flowrate, which appears to be the most critical parame-
ter on the depecsition efficiency. For reducing the decarburization of WC—12%Co coating, the injection of
inert He gas instead of reactive H, gas as a secondary gas is more effective than the dropping of arc power to
lessen the plasma enthalpy.
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Fig. 1. Schematic diagram of plasma spray coating.

LEE o BE A 2ese ARE d49 Snd §eh m9 I Fo THEe-£4
A R Aok duEel g9 Sl dld $E o) g, 134 s $9, 2% he 29 84
ZAle LL»L ok 15000~20000K 2. #4538 = A — el ALO,—13%Ti0, H1ke] 7Ax, =jA
BB 455 ~50m/sE AS MEA A A, v 5% Fol VA 93e i fos
59 mgRe) AEE s Azel fElsith = 4 g47]d £H W4 g selshn, WC
it Febzel Galoll 2l siwhe] palEe Rz ok RlzA] bR 2 FAR A2 sE we s ek
R ﬁ}“‘fzﬁfz‘r AR A Lw Abeld A gl 2N Feisly] e E417] e 9 24 sla F
Aoz o|FolAnm Al mubafa] 4l Fol wE WC—-12%Ce w2l weidl akge
Ao ARA o3 dzhel Ag #A4% Edol  mrs XRDE ol feie] W vesH 1% ¥
A3k At s desle] WS mud 4 glo i wsEo] Hubg) Ede| ulxi o 5re zAbE)
W, §al4 mAY £EE 200CoHZ RAT o

G el mA2) Aol A HY & FU 4

N, BG4 shart B9I7 skae) 2EE o 9. M mbd

Aol Abshi A wbgor YAd SoEo it ‘

detel 71 AstE #Aadd 5 glch” ofd 21 2Ab BH AS AR

ol dubAql 29 Aol dlel Abehd] FoAE

Antg ge A7 el 4 + ge AR A SEkEeh Fape s Aty dAug Azt
2 9eh, e glakbdE S4alvE edal ol Hte] /‘J_%"EOM A A ARG A
2 gepzele] 544 A0St W4st W We non-transferredd Fohme) §441E A-gstel
Wyt ylo] abxH dgjoz el I o] of Fig. 29} 7o) A} Fef2al &4} A5 A= 4
o9 TAG AL 7] el AHyel el ARNE TAHSU Adsp Fetzeh $4 a7 1*
A wgel Uyl wiel G s 9] 9 & Aade Fo ez Ao skWe
AME o] FAE FEshE Aol A Tt T F e AR A A, 471 oz 7P_z_:
P oA FAE 2 WS o feled AlaA] F Addez 2D £ gl b FEEA,
o A FehEel SAVRS daks] B4 SHFE, TG Aol =dA, A A Fe
GEFE 7 Bel oAy FekEel #el w4 2 o] %o glv) Hukd Fuke ¢hEFolo] ¢
ek Az A 26 web Alzsl dnte] 4 G e B oldrlael e B FsR
WEHE F4po e Ade I @4 2L R ¥ Zasl s del $50), 3508 91
2 oHute] BEAS ded oz #ojd £ grE of= FAb7] oldraalel maAl 3 A eleo]Ho 2]



lo4 HAEELE A 26 AH4E 1993

Carrier Cas

- <O 4
ol (5 L
8 L Air Compressor i;r F%{i?r

Grit Blast

O
BEBO

Cooling ———— g
Woter R

1A

20
-~ l =
i Gun Sproy Booth
Control Unit Power Supply Manipulator & Turn-—table

Fig. 2. Atmospheric plasma spray system.
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Table 2. Levels of processing parameters for
the plasma spray coating of Cr(Qs in
the factorial test.

leed| I 2 3 4 5
Processing Parameler <) )+ =G
Plasma Gun Power(xW) R
Primary Gas(Ar) Flowrale(lm) | 25 | 30 [ 35 ; 4 | 4
Secordary Gas(HyFlowrate(lpm) 4] 6] 8] 0] 12
Turr-table Rotation(rpm) 60 | 80 | 120 | 160 | 180
Powder Feedrate(kg/hr) 186 238 | 306 | 328 | 402
Spray Distance(em) 70 8L 3wl
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Tabie 3. Optimum processing parameters for the plasma spray coatings of ceramics and bond—coat

metal.

Coating Material]  Cr0, | AlDs ’ WC | A, | TO. |z
Wmeters (90%) | 13%TiO, | 12%Co | (38%) ] (985%) | 24%Mg0
| Arc Power (kW) 38 33 | 33 36 | 36 36
Are Current (A) 540 | 500 | 500 560% 560 | 520
Arc Voltage (V) 70 65 65 65 65 70
Ar Flowrate {lpm) 30 | 33 41 33 33 39
|1, Flowrate (Jpen) 2 | 8 8 10 8 10
Turn—table Rotation (rpm) 120 { 140 100 8¢ 106G 180
Powder Feedrate (kg/it) | 306 | 296 | 24 | 225 | 358 | 365 | 271 | 19 [ 25 |
E&pray Distance (cm) r 9 L1 10 8.5 18 [ 12 9 i 9.5 12
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Fig. 3. Favor ratios of the levels of processing
parameters for the plasma spray coating
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Fig. 8 SEM photographs of ALG;— 13%TiO, coatings sprayed with the powers of (a) 25kW,

(b) 43kW and the spray distances of (¢} 9cm, {d) 12cm.
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Table 5. Specimens of WC—12%Co coatings
produced by different processing pa-
rameters.

Level
Processing b C d e
Parameter

|
Power (kW) 25 30 35 24
Ar Flowrate (lpm) 40 | 40| 40 40
8 8 8 -
100 10; 10

H; Flowrate (lpm)
He Flowrate (Ipm)
Spray Distance (cm)
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Fig. 8. X-ray diffraction patterns of tungsten
carbides.
(m:WC, d:W.C, w:W,c:Co)

(a) WC—129%Co powder

(b) Spray coating at H,—8 Ipm, 25kW

{c)} Spray coating at H,—8 lpm, 30kW

{d) Spray coating at H,—8 lpm, 35kW

{e) Spray coating at H,— 21 lpm, 24kW
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