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ABSTRACT 
The purpose of the study is to prepare and test a transparent, low resistance, conductive glass by  coating a glass substrate with  
SnO2 thin film substrate of (6µm)  thickness. this can be used used for dust removing from solar panels . The film 
transmittance  in the region 400 -1100 nm was measured to be between  80 – 95 % . This region is the response region of many 
types of solar cells.  the  clearing factor was also calculated and discussed as a  function of dust particle  diameter ( it showed a 
slight change) and particle weight ( it showed inverse proportionality). The dust shield  showed good response  after it was 
energized with   D-C voltage in the range of  (1-7 volt). The main factor that affect  the removal  of dust particles is the voltage 
applied to the surface. 
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1. INTRODUCTION 
Dust in homes, offices, and other human environments contains small amounts of plant pollen, human and animal hairs, 
textile fibers, paper fibers, minerals from outdoor soil, human skin cells, burnt meteorite particles and many other 
materials which may be found in the local environment.  The first step in control of hazards of dust is their 
reorganization. This requires a clear understanding of nature, origin, mechanisms of generation and release, and sources 
of particles, as well as knowledge on the conditions of exposure and possible associated effects on our life.[1] 
According to the international standardization organization (Dust is defined as: small solid particles, congenitally taken 
as those particles below 75µm in diameter, which settle out under their own weight but which may remain suspended for 
some time).  
Here are some examples of dust particles found in our environment :  
1- Mineral dust, such as those containing free crystalline silica (e.g. quartz, coal, and cement dusts. 
2- Metallic dust, such as lead, cadmium, nickel, and beryllium dusts. 
3- Other chemical dusts, e.g., many bulk chemicals and pesticides. 
4- Organic and vegetable dusts, such as flour, wood, cotton and tea dusts pollens. 
5-  Biohazards, such as viable particles, moulds, and spores. 
There are several characteristics of dust such as: shape and one of the most frequently used is sphericity,  which is defined 
as the ratio of the surface area of a sphere having the same volume as the particle to the actual particle surface area [ 2] ,  
Density (In practical measurements): a given amount of dry powder is weighed and its volume is determined  by the 
volume of fluid it displaces). [3], Van der Waals forces between rigid bodies: When two particles are brought into contact 
they are subjected to capillary, electrostatic and van der Waals forces. Capillary forces are caused by condensed moisture 
on the surface of the particle. Electrostatic forces depend on the charges present in the particles [4, 5,6]. There are many 
methods for dust removing from surfaces which are:           

A: Natural Dust Removal: The only significant category of natural dust removal is wind clearing. 
 B: Mechanical Dust Removal: refer to implementing automatic equipment to clean the solar panel surfaces including 
brushing, shaking, shocking, sweeping and vibrating the solar panels.  
C:Super-hydrophobic / Super- hydrophilic solar panel surface: The surface of super-hydrophobic solar panel has 
similar characteristics to lotus leaves. The water droplets roll off  the solar panel surface and carry the dust away [8]  
D: Electrical Dust Removal: mainly refer to the electro-dynamic removal method [9].  
In this work we adapted the fourth method and we done using a  glass substrate transparently coated with      SnO2 layer. 
The  method is based on the electric curtain developed by F.B. Tatom in 1967. this technique able  the lifting and 
transporting the charged particles using electrostatic forces. The glass substrate with SnO2  film  placed on the 
solar panel and negatively charged from the output of the solar cell constitutes what is known as the conductive glass. 
SThis can be used to repel dust particles to prevent their accumulation on the solar cell... The sample is tested  to show 
excellent results as it is discussed in this paper. 
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A 6 µm. thin film of SnO2 was  used as a  transparent, low resistance, conductive glass coating for  dust shielding, fig.(1) 
. SnCl4  solution was sprayed using a pressure spray nozzle on a  glass substrate ( 12 x12 cm2),  then it was heated to 
decompose the SnCl4 to SnO2 according to the chemical equation:  
  

3CH3OH + SnCl4 = SnO2 +4HCl + CH2O + 2CH3 
 

 
Figure (1): SnO2 thin film on glass substrate, used as transparent, low resistance, conductive glass for  dust shield 

purpose. 
 

The film was characterized optically by  UV-VIS transmittance measurements which were performed with (OPTIMA SP-
3000) spectrophotometer supplied  by (Optima Company ) in the spectral range 200 -1100 nm .  
Fine dust was collected and separated according to its diameter by passing it through different sieves which was then used 
to cover the glass with the SnO2 film to form the dust shield sample. 
To evaluate the performance of the conductive glass, we calculated  the cleaning factor,  which is defined as the 
percentage mass of the dust that have been removed from the screen [10].  The clearing factor is used to judge the 
performance of the screen while applying different voltages. Fine dust  is collected and distributed according to their 
diameter by using different sleeves, then added to the surface of the screen, after energizing the screen with different 
values of voltage (1-7 volt) for one hour , the dust particles are  moved  and slide down directly towards a digital balance 
(used to weigh the removed  dust in each experiment). To know the components of the dust, a basic test is done for the 
accumulated dust sample taken from the surface of solar panel by SKYRAY EDX P 730 instrument. 

 
3. RESULTS 
3.1 Composition of dust: 
Before starting the experimental work, we examined the composition  of the accumulated dust on  the surface of the dust 
shield. The result is shown in table (1):   

Table (1): the composition of the accumulated dust on  the surface of the dust shield. 
Availability (ppm) element Availability (ppm) element 

2012.57804  Titanium (Ti) 111669.9977  Calcium (Ca) 
 

28490.90414  Iron (Fe) 1555.09577  Tin (Sn) 
394.37986  Strontium (Sr)   511.78923  Zinc (Zn) 

 
210.09176  Zirconium (Zr) 210.09176 Manganese (Mn) 
137.35998  Lead (Pb) 180.33809  Copper (Cu) 

 
65.18051  Gallium (Ga) 166.71896  Nickel (Ni) 
33.43892  Rubidium (Rb) 41.61326  Atrium  (Y) 

 
3.06229  Antimoine  (Sb)  19.68949  Chromium (Cr) 

 
0.13623 Silver (Ag) 1.72596  Arsenic (AS) 

 
 

Figure (2): shows a scanning electron microscope view of the shield before spreading the dust , while figure (3): shows 
the same sample after spreading the dust particles on its top. 
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Figure (2)  Scanning electron microscope photo of the clean  shield. 

 
Figure (3)  scanning electron microscope view of the shield after  spreading the dust 

 
The optical transmission spectrum of the dust shield  in the range (200- 1100)nm   is shown in Figure  (4).  The relative  
transmittance vary over the range 80 – 95 % in the region 400 -1100 nm . This region is the transparent region of the film 
which is very suitable to the response of many types of solar cell [11]. 

 

 
figure (4)  The optical transmission spectrum  of the dust shield compared to the solar cell spectral sensitivity [11]. 

3.2 Effect of dust  weight on the percentage of clearing factor: 
The dust particles will levitate over the dust shield due to the repulsion force that opposes the gravitational force, to 
enhance the cleaning, we tilted  the shield at 45o with the horizon ( as it used with solar panels) so the charged and 
uncharged particles will move along the surface more easily . To study the effect of dust weight on the percentage value of 
clearing factor, we made three sets of experiments. In each set we used a different dust particle diameter and studied the 
clearing factor as a function of dust weight. In each figure below (4,6 and 7) , we used seven weight values , and calculate 
the clearing factor. each value is average of three readings. All results show inverse proportionality between the clearing 
factor and the dust weight, this is sensible because of the effect of gravitational force . Also we examined the effect of 
increasing the voltage supplied to the shield in each case. The voltage was found to have the most important effect upon 
the cleaning of the deposited dust particles. The clearing factor is directly proportional to the applied voltage. as it is 
obvious in figures (5,6 and 7). studying these figures we can notice that the particles with diameter  40µm  showed the 
highest values of clearing factor . In all cases the shield was able to remove deposited particles , whether they were 
charged or un charged because once  the particles touches the energized surface they will be charged due to tribocharging. 
The amount of charge increases with rolling , sliding, vibrating and colliding against the surface. 
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Figure (5) The clearing factor as a function of dust weight at constant particle diameter(20 µm). 

 
Figure (6) The clearing factor as function of dust weight at constant particle diameter(40 µm) 

 

 
Figure (7) Tthe clearing factor as a function of dust weight at constant particle diameter(56µm) 

 
3.3 Effect of particle diameter  on the clearing factor: 
The clearing factor of the dust shield is studied as a function of the dust particle diameter at constant weight. (0.2gm)  of 
fine powder was spread on the surface , then the surface was energized with different values of D-C voltage. The results 
of the experiments are declared in figure ( 8). Generally we didn’t notice a significant change on the clearing factor 
versus  diameter , also the general behavior didn’t change when we changed the value of the shield's voltage.  The value 
of the clearing factor was obviously increased with increasing the applied voltage because the relatively low voltage 
provides less energy to transport the particles, and high voltage provides higher electrical repulsion force .  In all 
experiments , increasing the voltage showed a better percentage cleaning factor. The final conclusion is that the  voltage of 
the conductive glass has a direct effect on the cleaning factor. 

 
Figure (8)  The clearing factor as a function of dust particle diameter at constant weight(0.2 gm) 

 
CONCLUSION 
A conductive glass for preventing the dust or the airborne particulate from depositing on the surface of  solar panels is 
constructed and tested. This is used as a way of self-cleaning of solar panels. Applying different values of voltages resulted 
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in different cleaning factors.  Even at relatively low voltages the surface was able to remove the deposited dust ( low 
clearing factor) , but as a general observation, the higher the voltage, the better the dust removing (higher clearing factor)S. 
We  Did not notice very strong  influence on the clearing  factor when we changed  the diameter at constant  total weight of 
the dust spread on the surface, while the influence of the weight at constant diameter was obviously  indirect.  
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