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Technical Note    New trends of cold spraying process

The further investigation of ceramic coatings 
formation with CS method opens totally new 
manufacturing routes of ceramics. It will allow to 
obtain ceramic coatings which will maintain initial 
properties of feedstock with low energetic 
method. The applications include thermally 
sensitive substrates and endangered with phase 
transition ceramic powders, e.g. TiO2. 

Summary  

Cold spraying basically was assigned to deposit 
metal or metal-ceramic composite coatings. 
Nevertheless, a series of research determined the 
crucial properties responsible for pure ceramic 
deposition. Bonding mechanism depends strongly 
on the morphology of the powder and material 
phase as well. Application of agglomerates or 
aggregates is mandatory. In the case of 
crystalline aggregates, bonding mechanism takes 
place by slipping or sliding of nanosized particles 
over particles with simultaneous pore collapse, 
aggregate fragmentation and structure 
densification. Soft agglomerates consisting of 
amorphous particles enable coating formation 
due to large atomic mobility and local free 
volume, which are beneficial to the formation of 
shear bands and further plastic deformation. 
Additional factor seems to be crystallization of 
amorphous powder while particles impact onto 
the substrate with high kinetic energy. 
Summarizing, the CS process is full of 
unpredictable phenomena resulting in outstanding 
coating properties and new applications are just a 
matter of time. 
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Research News from Academia

Interfacial bonding and chemistry 
effect on TBC 
Fredy James J and SB Arya* 
Department of Metallurgical & Materials Engineering, NITK Surathkal, Mangalore, India. 

Thermal barrier coatings (TBC) are coatings 
employed in high temperature turbine engine 
components with the aim of protecting the 
underlying components from high temperature 
interactions of oxidation, corrosion along with 
environmental deposits, such as calcium-
magnesium-alumino-silicate (CMAS) and foreign 
object damage. The turbine component materials 
are superalloys (nickel based), as they offer 
comparatively better performance at elevated 
temperature. However, a typical constituent in a 
TBC system include a top coat (mostly ceramic), 
bond coat and a metallic substrate. The top coat 
enables thermal insulation, oxidation and 
corrosion resistance to the component, while 
bond coat bridges the properties between ceramic 
top coat and metallic bond coat.  
The chemistry of the substrate is highly 
significant, as elementals diffusion at elevated 
temperature can have detrimental effects on 
stability of the TBC system. In many cases, traces 
of substrate elements have been detected to 
migrate to bond coat and bond coat-top-coat 
interface, forming oxides at interface on oxygen 
ingress. An undesirable compound at interface 
such as Mn-Cr spinels so formed shortens the 
component life from stress development and 
expansion mismatches.  
The interfacial mechanism is more dependent on 
the bond coat and top coat chemistry, as the 
oxidation reactions takes place at the interface 
forming thermally grown oxide (TGO) layer. 
Although, it is well established fact that high 
enriched (~100%) Al2O3is the preferred TGO 
composition, other oxides and spinels may form at 
interface upon oxidation.  
The most established commercial grade material 
for top coat is yttrium stabilized zirconia (YSZ) 
offering superior performance up to 1200° C. 
However, this YSZ tends to destabilize above 
1200°C, from a volume expansion suffered by 
transformation from tetragonal to monoclinic 
zirconia phase. The top coat microstructure also 

determines the oxygen permeability and the 
oxidation interactions, which leads to interface 
TGO. Other than permeability, oxygen diffusion 
may occur by ionic movement along the grain 
boundaries. 
The TGO growth at interface follows a parabolic 
trend and brings about a stress gradient along top 
coat thickness and may further lead to cracking 
failure. The aluminium enriched bond coat system 
leads to an initial higher kinetics of alumina 
formation which slows down on aluminium 
depletion. As oxidation time increases, spinels 
forms with a higher kinetics increasing TGO 
thickness while purity decreases and finally TGO 
may consist of sub layers with alumina layer and 
mixed oxide (NiO, CoO, Cr2O3, Ni-Cr spinels) layers 
as constituents. This higher kinetics and spinel 
formation aids a stress development at the 
interface. Thus, it is evident that the bond coat 
chemistry significantly influences the interface 
TGO growth kinetics.  
In case of any intrusions near interface, the stress 
difference between top coat and TGO will not be 
the same on either side of intrusion, which is 
attributed to a stress level readjustment by 
intrusion morphology at non uniform interface 
through decohesion and microcracking. Also, on 
continuous high temperature exposure, the stable 
Al2O3 phase of TGO, grows between topcoat micro 
cracks, which accumulates interfacial stress often 
liberated on threshold as microcracks. The 
interface being rough and non-uniform, TGO will 
be wavy in geometry creating stress variations 
within through thickness of TGO.  
The bond coat chemistry also has significant 
effect on rumpling behaviour of TGO, failure 
location of spallation interface and stress 
concentration at interface. Although rumpling is 
not a preferred event, there are reports showing 
that TGO rumpling reduces the accumulated 
residual stress in case of Pt-Al bond coat.  In case 
of Pt-Al bond coat, the aluminium depletion 
causes a transformation from single phase β-(Pt,  
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Ni)Al to a mixture of  β-(Pt, Ni)Al  and ϒ’-(Pt, Ni)3Al 
inducing non uniform volume change at TGO 
interface. This mechanism of rumpling is 
dominated over by the ability of bond coat 
microstructure to resist plastic deformation. The 
two phase microstructure evolved may have a 
strengthening effect, by precipitation of fine 
dispersed phase. A bond coat composition with 
superior aluminium rich beta phase can provide a 
sound TGO. Diffusing an alumina layer between 
top coat and bond coat also leads to a thin sound 
TGO. The presence of alumina will decrease the 
oxygen ingress via reduced porosity and prevents 
TGO thickening and subsequent failure. Under 
same exposure time, the stress development will 
vary depending on the phase transformations and 
martensitic formation in the system. The 
martensitic structure induces molar volume 
shrinkage on cooling, causing additional TGO 
stress. Aluminium depletion and rise in Ni further 
content leads to martensitic phase formation on 
cooling, a very low Al leading to coarse 
martensitic structure. Also, Ti and Ni from 

substrate tend to segregate at aluminium 
depleted regions, which accelerates kinetics of 
further oxidation. Similarly, interface toughness is 
highly dependent on the interface science. The 
intrusions or impurity segregation will tend to 
reduce the toughness, which is undesirable. 
Thus, it is evident that the chemistry of the system 
has a dominant factor on developing a sound 
thermally grown oxide (TGO), thermal stability and 
on TBC performance at elevated temperature over 
other factors. More researches are to be 
performed in optimising the chemistry for an 
enhanced lifetime. 
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