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Abstract 
Material processing using nano-technology is now advancing towards a more precise and 

controllable smart stage.  Regarding thermal processing, the plasma system with high precise, 
has been proposed for advanced thermal processing.  The gas tunnel type plasma system 
developed by the author exhibits high energy density and also high efficiency.  Among its 
various applications is the plasma spraying of ceramics such as Al2O3 and ZrO2. The 
characteristics of these ceramic coatings are superior to conventional ones. The ZrO2/Al2O3
composite coating by the gas tunnel type plasma spraying has the possibility for the development 
of high functionally graded TBC (thermal barrier coating).  The corresponding results showed 
that the alumina/zirconia composite system exhibited an improvement of mechanical properties 
and oxidation resistance. Also other functional coatings were introduced as the examples of 
further developments by the gas tunnel type plasma spraying. Another application of gas tunnel 
type plasma is for the surface modification of metals. For example TiN films were formed in a 
short time of 5 s. And, the thick TiN coatings were obtained by gas tunnel type plasma reactive 
spraying.  
Keywords: Gas tunnel type plasma system, Al2O3 and ZrO2, Thermal barrier coating: TBC, 
Surface modification. 
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Fig.2 Current-Voltage characteristic of Schematic 
of gas tunnel type plasma jet. 
 

Figure 2 
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Table 1
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Fig.3 Comparison of the shape of plasma jet (500 A). 
(a) conventional type plasma jet 
(b) gas tunnel type plasma jet (long, stable) 

Table 1 Comparison between gas tunnel type plasma 
jet and conventional ones. 

Fig.1 Schematic of the gas tunnel type plasma torch. 

 Gas tunnel type 
plasma jet 

Conventional ones 

Temperature 
Energy density 
Heat efficiency 

15000 K 
105 W/cm2 

 80% 

10000 K 
104 W/cm2 

50% 
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Figure 6
Al2O3 coating 
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Table 2 

Fig.5 Behavior gas tunnel type plasma spraying in the 
case of deposition of Al2O3 powder. Spraying distance: L

 10cm. 

Fig.4 Schematic of the gas tunnel type plasma spraying 
torch. L: Spraying distance. 
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At L=30 mm, when P=33 
kW L=30mm the Vickers 
hardness of ZrO2 coating was about Hv=1200 15) ,
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Fig.7 Dependence of Vickers hardness and porosity of 
zirconia composite coating on the alumina mixing rate.  
L=40 mm when P=25 kW.  

Fig.6 Comparison between gas tunnel type plasma 
spraying and conventional type for Al2O3 coating. 

Input 45 kW Distance = 65-100 mm  

 
 

Gas tunnel type 
plasma spraying 

Conventional 
ones 

Vickers 
hardness 
Porosity 

1200 
10% 

800 
20% 

(a) gas tunnel type plasma spraying  

 (b) conventional type. 

 

Table 2 Comparison between gas tunnel type plasma 
spraying and conventional type for Al2O3 coating. 
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Figure 7 ZrO2  Al2O3

ZrO2   
P=25 kW, L=40 mm

 200 m
 2 ZrO2

Al2O3 Al2O3

Hv50 1440 
ZrO2 R(wt%)

ZrO2 30  

ZrO2
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Figure 8
50%Al2O350% ZrO2composite coating

30 at P 
= 25 kW, L = 40 mm. 

1000 cm/min in Fig.4
10 150 m

 
white and gray 2

EPMA white is zirconia (ZrO2) and 

gray is alumina (Al2O3)
 

Figure 9 Al2O3 ZrO2 Vickers 
hardness Hv50  
 

 
 

l=40 m Hv50 = 1300

 

TBC (up to 25vol%)
ZrO2 coatings  

 

Fig.8 Comparison between gas tunnel type plasma 
spraying and conventional type for Al2O3 coating. 

Input 45 kW Distance = 65-100 mm  

 
Figure 9 shows the distribution of Vickers 
hardness: Hv50 of the zirconia/alumina 
composite coating shown in Fig.8 (coating 
thickness: about 150 μm). 
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