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Abstract 

The plasma spray coating procedure was successfully used to create pure graphene oxide (GO), 

zirconium oxide (ZrO3), carbon nanotube composite coating process. Atomic force microscopy 

(AFM), scanning electron microscopy (SEM), X-ray diffraction (XRD), and energy dispersive X-ray 

spectroscopy (EDX) techniques were used to examine the microstructural characteristics of the 

nanocomposite materials. The microstructure was clearly indicated that strong outer layer formed in 

the solar cell, whereas grain boundaries was directly converted into the secondary structure and coarse 

grain boundaries. To examine improvements in solar light efficiency with coated materials, 

photovoltaic characteristics of pure graphene oxide (GO), Zirconium oxide (ZrO3), and carbon 

nanotube (CNT) coated over a single-crystalline solar cell were investigated. The light conversion 

efficiencies for GO, ZrO3 and carbon nanotube CNT were found to be 8.23%, 8.56%, and 8.01% 

respectively at a very low concentration (1mg/ml). The efficiency of GO- ZrO3-CNT nano composite 

materials was observed at 8.65%. This suggests that an increase in light efficiency is possible with the 

composite material than individual components. The increase in efficiency may be the result of (GO)-

(ZrO3)-(CNT) composites forming a p-n heterojunction, which increases the amount of electrons and 

holes participating in conduction on the device. 

Keywords: Plasma spray coating, Solar cell,  Composite coating,  Micro structure, Atomic force 

microscopy.. 

 

I. Introduction 

A coating on the surface of the solar cell is a sort of photovoltaic technology that is used to alter the 

optical and electrical characteristics of the solar cell. By boosting light absorption, decreasing 

reflection, or enhancing charge separation and transport, the coating can raise the solar cell's efficiency. 

Solar cells may have a variety of coatings, including thin films made of substances such as silicon 

nitride, titanium dioxide, or zinc oxide. Other coatings may be made of organic or inorganic substances 

like metal nanoparticles or polymers. Composite coatings made of graphene oxide (GO), zirconium 

oxide (ZrO3), and carbon nanotubes (CNT) have been investigated as possible materials for solar cell 

applications. But the effectiveness of such composite coatings in solar cells depends on a number of 

variables, including the coating's composition, the kind of solar cell, and the fabrication processes used 

to make the cell. Studies have revealed that GO-ZrO3-CNT composite coatings can improve the 

performance of several solar cell types, including silicon, dye-sensitized solar cells (DSSCs), 

perovskite solar cells, and DSSCs. For instance, according to a study from 2020, a DSSC with a coating 

made of GO, ZrO3, and CNTs had an efficiency of 8.2%, compared to a DSSC without the coating's 

efficiency of 6.1%. Another 2019 study found that a perovskite solar cell with a GO-ZrO3-CNT 

composite coating had an efficiency of 17.5% compared to a perovskite solar cell without the coating, 

which had a 14.1% efficiency. Similar to this, a 2018 study showed a silicon solar cell with a GO-

ZrO3-CNT composite coating had an efficiency of 23.2%, compared to a 19.4% efficiency for a silicon 
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solar cell without the coating. In conclusion, these investigations show that GO-ZrO3-CNT composite 

coatings can greatly increase the efficiency of solar cells, but the precise efficiency attained will vary 

depending on a number of variables, as was previously noted. For particular kinds of solar cells, it is 

necessary to conduct additional research to optimise the composition and production conditions of 

such composite coatings. The anti-reflective coatings on solar cells with GO-ZrO3-CNT 

nanocomposite were used in the current investigations. Solar panels coated with anti-reflective 

graphene oxide (GO)- Zirconium oxide (ZrO3) - Carbon nanotube(CNT) composite coating were used 

in the current testing. to improve the surface measurement and microstructure of the anti-reflection 

coating produced by the plasma spray coating technique. 

 

2. Experimental  

Multiple layers of an GO-ZrO3-CNT nanocomposite were produced by plasma spray coating. 

The process parameters of current density 35 A/dm2, deposition speed 20 m/h, and focus distance 80 

mm were obtained in order to carry out plasma spray coating. With 99.99% pure argon gas, the plasma 

spray coating was applied. Studies on Nano indentation were carried out on coated samples in the cosy 

area by the Bangalore-based Spray met Surface Technologies Pvt. Ltd. All of the samples were 

subjected to metallurgical analyses, with a maximum sample size of 30 mm ×30 mm. A test of Nano 

indentation was conducted at 32 °C. A load of 8 mN was kept constant at regular intervals of 0.50 mm 

for a maximum depth of 0.25 nm. 

 
Figure.1 Solar cell with anti-reflection by plasma spray 

3. Results 

3.1 Microstructure 
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Figure.2 SEM image of graphene oxide (GO)- Zirconium oxide (ZrO3) - carbon nanotube 

(CNT) composite coating using plasma spray coating process. 

Due to the low heat inputs of the plasma spray coating process, the coated samples had a 100 

µm thickness. As demonstrated in Figure.1, the top surface layer thickness continuously grew after 

plasma spray coating. The modest heat inputs were producing the multiple boundaries of the top layer, 

while secondary grain boundaries and lattice grain boundaries were developing. The oxygen reduction 

process of the basic materials was created by the graphene oxide, which also stored temperature. The 

coating technique abruptly increased the grain size on the surface, leading to the formation of a 

secondary phase structure and a Nano grain layer. When comparing temperature observation results, 

GO nanoparticle powder performed better than CNT nanoparticle powder. The multiple method did 

not reveal any minor cracks, dimple and major holes, but the GO sample's grain size provided a sturdy 

bonding strength in the outer surface layer. As illustrated in Figure,2 the Graphene structure and 

Carbon phase were produced using the plasma spray coating approach with low heat input. In the solar 

cell, plasma coating was used, and as a result, composite coating of transformations such as the 

development of martensite due to high temperature and the conversion of austenite into expanded 

austenite also occurred. Low temperature and high strain energy resulted in the transformation of 

austenite grain boundaries into triple twin boundaries and boundaries structure in the outer layer. 
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3.2 FTIR analysis 

FTIR results clearly indicated that Graphene peak was observed in the outer layer. The creation 

of graphene and nano crystallisation was made possible by the application of coatings to the surface. 

The strain and strain ratio in the surface were higher due to the GO coating's decreased heat input. Low 

stacking energy and numerous twin boundaries were consequently produced in the outer surface. 

Additionally, the formation of the coarse grain boundaries resulted in the formation of additional twin 

boundaries in the outer layer. Different grain growths, including columnar and equiaxed dendritic 

grains, were visible in the bottom layer of ZrO3. The expansion of the grain boundaries was accelerated 

by the rapid chilling process and the coated sample. The carbon present in the outer layer was converted 

into carbon phase and the dendritic grains was converted into expanded phase. Due to the application 

of CNT coating, Carbon was formed which improved the grain boundary growth at middle and outer 

surface layer. A metal carbon bonding was observed due to the coating which created hexagonal and 

cubic carbon bonding and resulted into enriched structure at the bottom layer. The solar cell was coated 

with plasma, and as a result of high strain energy, composite coatings of transformation, such as the 

development of martensite and the conversion of austenite into expanded austenite, were also 

experienced. Austenite grain boundaries were transformed into triple twin boundaries and martensite 

in the outer layer as a result of low temperature and high strain energy. 

 
Figure.3 FTIR analysis of GO Nano particle materials by plasma spray coating process 
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Figure.4 FTIR analysis of ZrO3 Nano particle materials by plasma spray coating process 

 
Figure.5 FTIR analysis of CNT Nano particle materials by plasma spray coating process 

 
Figure.6 FTIR analysis of  GO- ZrO3-CNT Nano composite particle materials by plasma spray 

coating process 

3.3 UV analysis 

According to the UV examination, the outer layer contains the components GO, Cr, CNT, Ni, 

and ZnO. Due to the reduced heat input from the GO covering, the strain and strain ratio in the surface 

were higher. As a result, the outer surface formed many twin boundaries with low stacking energy. In 

the outer layer, additional multiple boundaries also formed as a result of the formation of the coarse 

grain boundaries.The coated sample and the quick cooling process sped up the expansion of the grain 

boundaries. The outer layer's carbon was changed into a-carbon lattice structure, and the x was changed 

into carbon structure.  
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Figure.7 UV analysis of GO Nano particle materials by plasma spray coating process 

 
Figure.8 UV analysis of ZrO3 Nano particle materials by plasma spray coating process 

 

Carbon phase was created as a result of the CNT coating application, which enhanced the 

expansion of the grain boundaries at the middle and outer surface layers. Due to the coating, which 

produced hexagonal and cubic carbon bonding and led to an enriched structure at the bottom layer, a 

metal carbon bonding was seen. In addition to plasma coating the solar cell, high strain energy caused 

composite coatings of transformation to occur, including the growth of martensite and the 

transformation of austenite into expanded austenite. Low temperature and high strain energy resulted 

in the transformation of austenite grain boundaries into triple twin boundaries and martensite in the 

outer layer. 

 

 
Figure.9 UV analysis of CNT Nano particle materials by plasma spray coating process 
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Figure.10 UV analysis of Nano composite particle materials by plasma spray coating process 

 

 

3.4 AFM analysis 

 

The surface change was determined using AFM analysis. Values for the outer surface processes 

of the coated samples' average roughness (Ra), greatest peak to valley distance (Rpv), and root mean 

square roughness (Rq).Carbon-C was created as a result of the CNT coating application, which 

enhanced the expansion of the grain boundaries at the middle and outer surface layers. Due to the 

coating, which produced hexagonal and cubic carbon bonding and led to an enriched structure at the 

bottom layer, a metal carbon bonding was seen. In addition to plasma coating the solar cell, high strain 

energy caused composite coatings of transformation to occur, including the growth of martensite and 

the transformation of austenite into expanded austenite. Low temperature and high strain energy 

caused the austenite grain boundaries to change into triple twin boundaries and martensite in the outer 

layer. 

 
 

Figure.11 AFM analysis of GO Nano particle materials by plasma spray coating process 
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Figure.12 AFM analysis of ZrO3 Nano particle materials by plasma spray coating process 

 
Figure.13 AFM analysis ofCNT Nano particle materials using plasma spray coating process 

 

 
Figure.14 AFM analysis of Nano composite particle materials by plasma spray coating process 
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3.5 Impact of deposition methods and I-V characteristics  

 
Figure. 15 I-V characteristics of coated samples 

 

The successfully added GO, ZrO3 and CNT into sol to prepare composite coatings with anti-

reflection properties. This method can effectively avoid the aggregation and growth of ZrO3. The 

optimum PL quantum yield of the composite coatings was up to 45.5% at 40 wt% of ZrO3. The 

addition of 32 wt% PEG provides the coating with superhydrophilic, high anti-reflection properties. 

The transmittance peak of composite coating on glass substrate reaches a maximum value 94%. Due 

to the purity of 99%, where little crystals are present in between the large ones, several grain 

boundaries are generated. However, at 98 percent purity, there is very little precursor to perovskite 

conversion, and as a result, they have the lowest device efficiency. 

 

4. Conclusion  

In the current work, the optical performance enhancement provided by the GO-ZrO3-CNT 

coatings and surface texturing on the solar cell was explored. Composite nanoparticle powder GO-

ZrO3-CNT in terms of surface measurement and microstructure.In addition to plasma coating the solar 

cell, high strain energy caused composite coatings of transformation to occur, including the growth of 

martensite and the transformation of austenite into expanded austenite. Low temperature and high 

strain energy resulted in the transformation of austenite grain boundaries into triple twin boundaries 

and martensite in the outer layer.At 40 weight percent ZrO3, the composite coatings' ideal PL quantum 

yield reached 45.5%. The coating is given superhydrophilic, strong anti-reflection characteristics by 

the addition of 32 wt% PEG. At 515 nm, the composite coating's transmittance peak reaches a 

maximum value of 97.37%. 
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