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Abstract: Supersonic plasma spraying technology is one of the most important directions in the development of
thermal spraying technology. The particle flight time and the energy density of plasma nozzle throat are calculated
and compared by simplified model. The characteristics of the particle flight and the main properties of the coating
of typical ceramics, oxidizable pure metals, cermet composites and amorphous materials by high efficiency
supersonic plasma sprayed are discussed. The results show that the high efficiency supersonic plasma spraying
technology (HEPJet) has the characteristics of high temperature and high speed, so the coatings could be prepared
with low cost, high efficiency and high quality for various melting points and materials which are easy to be
oxidized and easy to lose carbon
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Tablel Heat source temperature and particle flying distance, velocity and time of different spraying methods

Vt m/s D mm t s
HEPJet 4000~11000 450 100 4.4%x 10
HVOF 1000~3000 600 400 13.3x 10™
APS 6500~11000 250 100 g8x 10
FS 1000~3000 150 300 40x 10™
1 HEP]Jet 60~220V
HVOF 1/3  APS 1/2 FS 1/10 HEPJet
4 HEPJet
HVOF 3~4 2.4~8.8
HEPJet 2
HEPJet 1] 2
. P
Ti Al Zn b= o (2)
3 HEPJet
P D
2 HEPJet

Table 2 Comparison of energy intensity between HEPJet and conventional plasma spraying

P kW D mm P kW/mm®
HEPJet 80 3.9~5.5 6.7~3.37
APS 40 6~8 1.42~0.76

HEPJet

HEPJet
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Table 3 Several Typical Coatings Prepared by HEPJet

3 HEPJet

(MPa) (%) (HV,3)
ALO” 25~33 <2.5% 900~1100
WC-12Co!""* 50~65 <2% 950~1150
Cr,0, 28~35 <1.5% 1000~1300
NiCr-Cr,C,!">"% 60~70 <1% 950~1000
Ti'" 45~55 <2% 200~350
Fe 1] 50~60 <1% 800~950
ALO,+40%TiO,!" 30~40 <2% 850~950
2.1 ALO, 2.2 WC-Co
ALO, WC-Co WC-Co
1200~1400
ALO, HV,,
ALO, wC
AlLO, WC-Co
AlLO, wWC
SprayWatch-2i CCD (HEPJet)
AlLO, 650m/s 4  WC-Co HEPJet
3150 2 3 420m/s
AlLO, 2600 5 HEPJet
AlO, WC-Co
6 WC-Co

XRD
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HEPJet NiCr-Cr,C, 2 NiCr-Cr;C,
HVOF 7 8 HEPJet HVOF
HEPJet NiCr-Cr,C,
HVOF 60% HVOF
7 NiCr-Cr;C,
Table 7 Performance comparison of NiCr-Cr;C, coatings prepared by different processes
HVOF HEPJet
0.98%"" 1.07%
68-75MPa 65-70MPa
Cr,C,, Cr,0,, NiCr, NiO,Cr,C;, )
Cr;,C,, NiCr Cr,C,4 HEPJet
C(CrO,
950-1100HV 950-1000HV
8 NiCr-Cr;C,
Table 8 Consumption comparison of NiCr-Cr;C, coatings prepared by different processes
HVOF GTV HEPJet
/ 26L/h 62KW
) 140L/min
800L/min ]
. 24L/min
20L/min )
12.6L/min
50g/min 40g/min
15g/min 25g/min
2.4
thermal barrier coatings TBCs CG-TBCs 10 “
" HEPJ
CG-TBCs
Y,0;-CeO, Zr0,
NiCoCrAlY
CG-TBCs CG-
TBCs 1200 -
- ’ 200 Imm CG-TBCs
TBCs 0.2~0.3mm

“ " " » [23]
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10 CG-TBCs

[23]

Fig.10 Cross section morphology of CG-TBCs

prepared by supersonic plasma spraying
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[23]

Fig.11 Surface morphology of CG-TBCs specimens
after 200 thermal shock tests
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Table 9 Test results of coating properties

70

XRD
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Fe
HEP]Jet
Fe

HVOF HEPJet
Fe

HEPJet

% HV,, MPa

%

HEPJet 0.65 905 58.1

HVOF 1.12 890 54.4

1.7

65.4

HEPJet
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