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The cold spray process was developed more than two decades ago and this advanced coating
process has been rapidly developed. This process enables to produce thick and high purity metallic
coatings under atmospheric ambient with extremely high deposition rates. Conventionally, a thermal spray
process has been used to produce thick coatings in a wide range of industrial applications. However, the
thermal spray coatings are formed through the deposition of molten and semi-molten feedstock powder
materials. The melting metallic material is easily oxidized or azotized under atmospheric ambient, then the
spray materials lose original properties. The solid particle deposition processes: the cold spray process and
the aerosol deposition process overcome this problem by avoiding material melting. The aerosol
deposition process uses mainly a ceramic fine powder as the feedstock powder material and the powder
material deposits in a vacuum condition. The feedstock powder materials deposit on the substrate without
heating. On the other hand, the cold spray process uses mainly a soft metal powder as the feedstock
powder materials and the powder materials deposit in an atmospheric condition. This process uses
electrically heated supersonic gas (nitrogen, helium or air) stream with lower temperatures than the
melting point of feedstock material. The feedstock powder materials are accelerated by the gas stream
through a De-Laval nozzle towards a substrate. The feedstock powder materials collide and deposit on the
substrate surface in the solid phase. Currently, this process has been made actively studied in research
institutions in the world. However, the practical applications are few. Thus, elucidation of more detailed
mechanism and phenomena in order to obtain industrial reliability are required. For example, because of
the solid state particle deposition, the electrical and chemical properties of the cold-sprayed coatings are
almost similar to the bulk materials. On the other hand, the mechanical properties are different from the
bulk materials due to the severe plastic deformation of the particles. The residual stress and the bonding
state of the particles in the coatings can be considered to be additional reason for the coating property.
However, the formation mechanism of residual stress is not entirely clear. Therefore in this study, the

elucidation of particle deposition mechanism of the cold spray process was selected as a main purpose.




The influence of spraying behavior on characteristics of coating was investigated throughout of the

deposition process: from single particle bonding to building up of coating.

The results obtained in this study are summarized as below:

(1) To investigate the mechanism of single particle bonding, a cold sprayed Cu-Al composite
coating was compared microscopically with a coating sprayed by the aerosol deposition process. The
aerosol deposition process is solid particle deposition process without material heating. Metal diffusion
has been observed between dissimilar metal particles of the coating by both deposition processes.
However, the aerosol deposited coating generally showed bonding mediated by oxide layer of particles.
The aerosol deposition process generates a small amount of newly-formed surface.

(2) The gas flow and in-flight particle behaviors were analyzed by the computational fluid dynamics.
The analysis results showed that a particle velocity is increase by increasing standoff distance until
specific distance. However, coating adhesion strength decrease by increasing standoff distance. The
shorter standoff distance showed higher adhesion strength. As reason of this, increasing collision of
subsequent particle and increasing heat input by gas stream were suggested.

(3) To investigate influence of temperature at bonding on adhesion of coating, the substrate
temperature was controlled by substrate heating during spraying. Cu, Al and Fe particles sprayed on
heated Al alloy, Cu and Fe substrates. The substrate heating showed potential to enhance coating
adhesion. However, it was limited for material combinations: Cu particle-Al alloy substrate, Cu
particle-Fe substrate, Fe particle-Cu substrate and Al particle-Al alloy substrate.

(4) A heat treatment after the coating formation was investigated for the effect on the mechanical
properties of the coating. To focus bonding mechanism between particle and particle, the bending strength
of coating was examined. As result, the bonding strength was significantly changed by sequence of
bending specimen preparation and heat treatment. As reason of this, a distribution of internal stress of
coating was suggested.

(5) The distribution of internal stress of the coating was examined by X-ray diffraction and substrate
deformation. As a result, the internal stress is non-uniform in the direction of coating thickness.
Especially, there is disproportion of internal stress at the coating interface. It was suggested as a main

factor for decreasing the adhesion strength.




