
1.  Introduction: (at approximately 800 m/s) in the presence of high 

temperature plasma. The particles then strike with Thermal spraying is a coating process in which 
the substrate surface and cool rapidly [3-4]. The particles in molten, semi molten or solid form are 
temperature of the plasma spraying process is deposited on the substrate to form metallic or non-
6000°C to 15000°C and at this temperature almost metallic coatings [1]. By the development of the 
all the materials can be melted [5]. Very small heat advanced materials such coatings have been used to 
transfer into the substrate occurs because the splat protect the substrate materials from corrosion, 
(the building unit of the coatings) cools down very wear and elevated temperature [2]. Plasma 
rapidly during its flight to the substrate of the order spraying is the most widely used spraying process 

6 of 10 K/s [6].among various thermal spraying processes. In 

plasma spraying process usually powder feestock is Conventionally plasma spraying process is known 

deposited onto the surface of substrate in molten as air plasma spraying process (APS) because it is 

form. The powder feedstock is introduced into the commonly done in normal atmosphere. This process 

coating chamber which is heated and accelerated has many advantages over the other thermal 
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Plasma spraying is most commonly used to produce thick coatings over a wide range of substrates. Thick 

coatings play an important role in improving the wear and corrosion resistance of a component. In this study, 

titanium based in-situ composite powder was produced by high energy mechanical milling using Al and TiO  2

powders. The composite powder was then subjected to a self-propagating combustion reaction to produce 

feedstock for air plasma spraying. Very fine particles within the feedstock were treated using an organic binder 

to improve the overall flowabilty of the feedstock powder. The feedstock was then sprayed by air plasma 

spraying on an aluminum substrate. A thick composite coating was successfully deposited on an aluminum 

substrate. Composite coating was found continuous and uniform over the Al substrate. However, it showed poor 

adhesion with the substrate Composite coating showed porosities and micro-cracks. Microstructure of the 

coating revealed presence of three phases, alumina particle, metallic phase Ti(Al,O) and a ceramics phase (Al 

rich Ti-Al oxide). A longitudinal deformation was observed in case of aluminium particles compared with 

feedstock powder used for spraying.
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spraying processes. It can deposit materials which 3.   Results and Discussion:

have very high melting points like tungston due to 3.1 Characterisation of feedstock used for air 

its high temperature. Air plasma is commonly used Plasma spraying

to deposit any type of ceramic and cermet. It The details regarding powder feedstock preparation 
produces more clean and dense coatings than other for spraying have been reported previously [12]. 
processes but not denser than the high velocity Figure 1 shows large lumps of powder produced by 
oxygen fuel (HVOF) sprayed coatings. However, self-propagating combustion reactions using 

dense plasma sprayed coatings can be produced by mechanically milled composite powder. The large 

post treatment of these coatings by suitable porosity lumps of the combustion reacted powder were 

sealing processes such as laser remelting and sol- milled for 15 minutes to improve powder flowing 

gel [7,8]. through the spray gun. The resultant fine powder 

feed (with particle size < 75 µm) was then separated Zhang [9] produced a range of in-situ TiO /Al 2

and treated with an organic binder for particle 
composite powders through powder metallurgy 

agglomeration purposes and to improve the over 
route. The main aim of this study is to produce thick 

flowability of the feedstock powder. 
coatings using an in-situ composite feedstock 

[10,11] for possible marine and industrial 

applications. The in-situ composite powders have a 

great advantages of having continous metallic and 

ceramics phases. Due the nature of this continous 

interpentarting nextwork , coatings deposited by 

using these composites are expected to perform 

better than traditional composites for similar kind 

of applications. 

2.  Experimental Procedure:

The details about composite powder production and 

its characterization have been reported previously 

[10, 11].  Air plasma spraying (APS) was used to 

deposit thick coating on an aluminium substrate. Figure 1: Combustion reacted powder

The coating thickness was measured using optical 

microscope. The spraying work was carried using a Figure 2 shows powder feedstock morphology. The 
Gun (G-type Nozzle) out at Holster Engineering Co. SEM back scattered image (Figure 2a) shows the 
Ltd., Tokoroa, New Zealand. The details about agglomerated particles by using an organic binder. 

spraying parameters are given below; Fine feed agglomeration resulted in improving the 

flowability of the feedstock. The main reason for Fuel pressure (H2) = 10 l/min; air jet = 40 l/min; 
this improvement was spherical nature of the carrier gas pressure (N2) = 75 l/min; powder feed 
particles as a result of agglomeration. Figure 2b 

rate = 35 g/min; voltage = 70 V; current = 500 A; and 
shows the feedstock used for air plasma spraying. 

standoff distance = 76-100m. The coating's 
From the SEM image, it is very clear that feedstock 

characterisation was done using optical microscopy 
for spraying mostly consists of particles of size less 

and scanning electron microscopy (SEM, Hitachi S- than 50 mm; however, presence of a few large 
4700). particles with sizes ranging from 50-100 mm are also 

confirmed [10].
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Figure 3: SEM image of feedstock particle  

3.2  Characterisation of composite coating

Figure 4 shows the surface characteristics of an air 

plasma sprayed composite coating. The SEM image 

(with marked arrows) confirms the presence of 

intra-splat micro cracks, porosities and debris 

particles on the coating surface.

Figure 2: Feedstock particle morphology (a) Fine 
feed with spherical particles after agglomeration 

(b) Feedstock used for air plasma spraying

An SEM image of feedstock particle confirms the 

presence of dark and bright phases (Figure 3). 

Energy Dispersive X-Rays analysis (EDX) analysis 
Figure 4: Plasma sprayed coating surface of the dark phase confirmed the presence of Al O  2 3

morphology 
with a small amount of TiO whereas Ti with small 

amount of Oxygen and Aluminum was confirmed in 
An optical image of composite coating shows a 

the bright phase. The presence of three phases was 
layered structure (figure 5). The thickness of the 

also confirmed by XRD as Al O , Ti  and TiO [10].2 3 coating is the range of 100-180 µm. The presence of 

pores with a size range 10-20 µm is also confirmed. 

Generally, the coating is continuous and uniform 

over the substrate as confirmed from Figure 5. The 

coating shows a poor adhesion due to having small 
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gape with coating/substrate interface. The poor 4.  Conclusions:

adhesion can be linked with the low velocity of the A thick plasma sprayed titanium based composite 
particle during spraying.  A metallic bond can be coating was successfully deposited on an aluminum 
used as an intermediate layer to improve the substrate. Microstructure of the coating confirmed 
coating adhesion. the presence three phases, alumina particles with 

small amounts of TiO, a metallic lamellar phase 

consisting of Ti (Al,O), and a ceramic phase 

consisting of aluminium rich Ti-Al oxide. A 

longitudinal deformation was observed in case of 

aluminium particles compared with the feedstock 

powder. The coating showed poor adhesion with the 

aluminium substrate. By using a metallic bond coat 

as an intermediate layer, coating adhesion can be 

improved.
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