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Abstract- To protect surface of substrate from heat loss, a Thermal insulation layers(TIL) were produced by the supersonic 
spraying process which is consisted of a supersonic nozzle, an atomizer, a gas heater, a syringe pump, and a x-y motor stage. 
While it has been found that sufficiently thick coating layers improve thermal protection, still we want to manufacture 
thinner layer using optimal coating materials; clays, silica, and aerogels have been used, and have the properties which are 
non-toxic, competitive price as cheap in this research. Herein, we show the high-performance results using thermal coating 
layers regard to insulation of both heat and cooling. The thickness of layers is from 1 to 5 mm, Aerogel/SiO2/Mont. 3 mm 
layer performed best insulation effect about 100 °C comparing to bare case. Deposition by supersonic cold spraying are rapid 
and scalable to large area, so do applicable for commercial industry. 
 
Index Terms- Thermal Insulation Barrier, Layer, Metal Materials, Supersonic Spray Coating. 
 
I. INTRODUCTION 
 

 
Figure 1. Schematics of cold spray system. Each solution of 

clay, silica and aerogel is injected through the atomizer at the 
different direction simultaneously. The heated air is 
accelerated through the de Laval supersonic nozzle. 

 
Figure 1 shows that the supersonic cold spray nozzle 
produced a supersonic-stream entraining the atomized 
droplets containing clay, silica and aerogel micro-
particles. The thickness of coating layer can be 
controlled by swept number of the x-y stage. These 
thermal-insulating layers are scalable, can be 
manufactured rapidly and have properties which are 
non-toxic and low price of production process. 
 
II. EXPERIMENT AND RESULTS 

 
Figure 2. (a) Schematic of the experimental arrangement coil-

heater, thermal-insulation layer(TIL), SKD substrate, and 
thermal-couple. (b) Schematic of the cooling system. Cold 

water is supplied to the heatsink and cool down to hot-section 
substrate. Both experimental equipment are used to show 

performance of hot and cooling insulation. 

Figure 2 shows experimental setups are used to 
evaluate the thermal insulation performance and 
cooling test of fabricated films. The coating layer was 
deposited on a SKD substrate and then was placed on 
an intermediate plate below which a heater is present. 
Figure 2c shows the set-up for the cooling test. The 
cold substrate be chilled with cooling water from a 
chiller and circulated. 

 
Figure 3. Surface-view SEM images of entanglement of each 

particle on substrate 
 
Figure 3 shows SEM images of the morphology of 
montmorillonite, silica, and aerogel micro-particles, 
which are in the wide range of a few to tens of 
microns. Each particle’s shape looks different as 
shown SEM images, aerogel and silica is relatively 
sharper than montmorillonite. This bulkiness and 
sharpness of these particles make them difficult to be 
deposited efficiently on substrate so adding 
montmorillonite with SiO2 or aerogel was needed to 
promote their adhesion onto a substrate. 

 
Figure 4. Temperature distribution depends on thickness of 

layer using infrared camera 
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Figure 4 shows temperature distribution depends on 
thickness of layer using infrared camera as mentioned 
above. Figure 4a can do confirming the superior 
insulation capability of multi-mixed coating.  
Figure 4b compares the changing of temperature of 
the substrates which are made differently respectively. 
As much as thick the thickness of coating layer, they 
are showing high performance about insulating. 
 

 
Figure 5. (a) The steady-state temperature for each type. (b) 

The cooling response temperature as a function of thickness of 
layer. 

 
The heat source temperature reached the steady-state 
at 800 °C after 30min, the thicker insulation layer 
shows high-performance about thermal-insulation. 
the hybrid-material layer (Mont. + aerogel or SiO2) 
outperformed than 5 mm-thick pure montmorillonite 
layers, confirming the superior insulating capability. 
As expected, the hybrid, 3 mm layer shows the high-
performance than pure montmorillonite layer because 
of the superior insulation properties of aerogel. 
 
CONCLUSION 
 
Supersonic cold spraying technique is used to 
fabricate thermal insulation coating layer. Insulating 
layers of various thickness were experimented 
regarding to their performance as thermal barriers. 
The results showed that including about 30% aerogel 
yielded improved performance over pure 
montmorillonite clay materials layer even with more 
thickness. Supersonically-sprayed insulating layers 
are flexible and readily attach to complex shapes. In 
addition, the application process is rapid and scalable 
and shows commercial potential as the thermal 
insulation.  
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