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Effect of ambient pressure on splat formation process and
coating properties in low pressure plasma spraying
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Abstract: Aiming at clarifying the effect of ambient pressure on splat flattening behavior and coating performances in
thermal spraying, Ni powders were thermally sprayed onto SUS304 substrates using low pressure plasma spraying (LPPS)
at different ambient pressures. Individual splats and coatings were collected on the substrates under designated conditions.
The splat characterizations were evaluated by optical microscopy, scanning electron microscopy and focused ion beam,

respectively. The microstructure, oxygen content and adhesion strength of the coatings fabricated under atmospheric and

reduced pressures were also characterized. The influencing factors, including adsorption/desorption of adsorbed gas

condensation on substrate surface, wetting of substrate by molten droplet, heat transfer from molten droplet to substrate

and the initial solidification at splat-substrate interface varied with ambient pressure on the splat formation process of
thermal sprayed particles were systematically investigated. The results show that the shapes of the individual splat change

transitionally from splash type to disk-shaped ones with the decrease of ambient pressure. Dense coatings can be achieved

in low pressure plasma spraying. In particular, the coating adhesion strength increases gradually with the decrease of
ambient pressure, which agrees well with the changing tendency of splat shape varying with ambient pressure. Therefore,

the flattening behavior of the individual splat in thermal spraying process plays a very important role in the coating

fabrication process.
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Fig. 1 Morphologies of Ni powders for spraying: (a) For splat

collection; (b) For coating fabrication

N, MEETHRERRERE, 30RO ) T
B THRRR O $IA LR AL TR K
SR b, A R ROk AR TR AR LR E
FEARSRT

FESEAR SR TR AR 1D U ) I T T 3R FH o 2 S i
BI(OM) K13 L BE (SEM)EAT AL 8. SR )5, HH S ke
A w5 TR T — @ SRR Ak b, IR HF
J 5 18 MR TT S A, P S R A |
WA B TR T TE AT S . BN S
B (R B bR 0 B A T T A5 ) T 2R 6 8 1 SR (FIB) F
1T RS

W E ARG, BT N OB A R O Pmiia kA

1 NigZHLPPSHA S

Table 1 Spraying parameters of Ni coating deposited by
LPPS
Parameter Value
Ambient pressure/kPa 6.7-101.3
Current/A 800
Voltage/V 36
Flux of Ar/(L-min"") 50
Flux of Hy/(L'min ") 12
Flux of carrier gas (Ar)/(L'min ") 4

Powder feed rate/(g-min ")
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Fig. 2 Splat morphologies of Ni deposited onto SUS304
substrate at different ambient pressures: (a) 101.3 kPa; (b) 40
kPa; (c) 6.7 kPa
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Fig. 4 Top surface morphologies of Ni powders thermally sprayed onto SUS304 substrate at different ambient pressures: (a) 101.3

kPa; (b) 40 kPa; (c) 6.7 kPa
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Fig. 5 Bottom surface morphologies of Ni powders thermally sprayed onto SUS304 substrate at different ambient pressures: (al),

(a2) 101.3 kPa; (b1), (b2) 40 kPa; (c1), (c2) 6.7 kPa
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Fig. 6 Cross-section morphologies of Ni powders thermally sprayed onto SUS304 substrate at different ambient pressures:

(a) 101.3 kPa; (b) 6.7 kPa
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Fig. 7 Top surface morphologies of Ni coatings deposited on SUS304 substrate at different ambient pressures: (al), (a2) 101.3 kPa;

(bl), (b2) 53.3 kPa; (cl), (c2) 6.7 kPa
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Fig. 8 Cross-section morphologies of Ni coatings deposited on SUS304 substrate at different ambient pressures: (al), (a2) 101.3

kPa; (b1), (b2) 53.3 kPa; (cl), (c2) 6.7 kPa
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