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Application of Cross Electrode Type Plasma Spray Gun to Formation
of Ti-Al Functionally Graded Coatings
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A newly designed cross electrode-type plasma spray gun, which can inject the spraying materials into
the arc column, has been developed. In order to demonstrate the application feasibility of this spray
gun to formation of Ti-Al functionally graded coatings, the performance characteristics of this spray
gun and the structure and composition of formatted coatings were investigated. It was clarified that this
spray gun was operated stably during spraying, jet power was easily controlled by arc current and the
high quality Ti-Al functionally graded coatings was formatted under the following conditions: the jet
power of over 7kW and Ti powder diameter distribution of 54-63 #m. It was also found that the
structures of coatings were controlled by Ti powder diameter.
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Fig. 1 Sectional view of cross electrode type plasma spray gun.
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Fig. 2 Experimental set-up.
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Fig.3 Arc voltage and jet power versus arc current with and
without Ti powder loading. Experimental conditions:
working gas flow rate Q = 50/min, Ti powder feed rate
M= 0.1g/min and carrier gas flow rate Qy= 20/min.

(b) No-powder loading

Fig. 4 Oscillograms of arc voltage with and without Ti powder
loading. Experimental conditions: arc current Ja= 100A,
Q= 50l/min, M{=0.1g/min and Qy=20//min.

0 20 40 60 80 100 120 140mm

r~rr+ 7 ~7r 1 "1 " /"]

Fig.5 Photograph of plasma jet with Ti powder loading.
Experimental conditions: Ia = 100A, Q = 50/min, jet
power W;=7.7kW, My= 0.1g/min and Qy= 20/min.
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Fig. 6 Cross sectional SEM and EPMA images of Ti-Al functionally graded coatings and Ti composition ratio corresponding to the
result in SEM images for three different powder diameter distributions, where L is distance from the substrate and Cr; is Ti
composition ratio. Experimental conditions: Ja= 100A, 0= 50/min, W;=7.7kW, M;= 0.1g/min and Q= 20V/min.
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Fig.8 XRD patterns of coatings formatted three different
layers. Symbol O, ©, @ and A show Ti, TiO,, TiN and
Al, respectively. Experimental conditions: Ja = 100A,
Q= 50//min, W;=7.7kW and Q= 20//min.
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Fig. 9 Vickers hardness of Ti-Al functionally graded coatings,
corresponding to the result in Fig.6, as a function of
distance from the substrate.
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