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SUMMARY

Many countries experience dusty weather year-
round. This type of weather is a major challenge for
collecting solar energy. Specifically, dust buildup
reduces solar panel electricity output by 20 to 50%.
Rather than changing the fundamentals of how
solar panels are made, an easier way to modify the
surface energy of solar panels could be to create
nanotextures on the solar panel itself. As water and
dust are both polar substances, we hypothesized
that a hydrophobic solar panel surface would repel
not only water, but dust and dirt as well, to increase
solar energy capture. For this study, we first used a
mathematical equation to predict the optimal surface
nano-roughness on solar panels to reduce dirt
accumulation by creating a hydrophobic surface. We
found that a surface roughness of 205 and 445 nm
for model solar panel silicone and glass surfaces,
respectively, would decrease dirt accumulation.
Our results further showed the least amount of dirt
accumulation when soaking glass and silicone in
potassium hydroxide (KOH, a base which creates a
nanotexture and changes the energy of surfaces) for
13 and 10 minutes, respectively. Although requiring
more studies to determine the specifics of which
basic chemical is optimal and the best treatment time
with that chemical to create hydrophobic surfaces on
different solar panel chemistries, our study suggests
that solar panels can be easily treated with KOH to
create a nanotextured surface decreasing dirt and
dust accumulation to optimize the adsorption of light
by photovoltaic cells for greater solar energy.

INTRODUCTION

A commonly occurring problem for solar panels is the
buildup of dust, sand, dirt, and other debris, which causes
a reduction of power output by 20 to 50% (1). Cleaning solar
panels is a time-consuming, frequent, and an expensive
process that involves a great amount of fresh water and other
materials, which is an inconvenience for users. Countries
that are prone to dusty weather, such as those in Africa and
the Middle East due to their proximity to the Sahara Desert,
experience more intense dust buildup compared to other
regions of the world, particularly in rural and extremely sandy
and dusty areas (2). Such areas also tend to lack electricity
and the continuous access to fresh water to clean dirty solar
panels (3, 4). There has been progress made in terms of
creating coatings for solar panels to reduce dirt accumulation,
however, most of these approaches are costly and more

challenging than using simple bases such as potassium
hydroxide (KOH) since KOH does not create a coating but
rather quickly etches the surface whenever needed (5).
Additionally, in the long run, solar panel coatings will wear off
and need to be reapplied.

Tempered glass is usually the outermost layer of solar
panels, while silicone is often used for placement (6).
Nanotexturing is a well-known process that can increase
the surface area of a material and, thus, change its surface
energetics (7). Nanotexturing of solar panels can occur
through a top-down method which is defined as an approach
taken when parts of a material are removed from the larger
material to develop nanotextures. This can be accomplished
chemically by using a strong base (such as KOH) to etch the
glass surface (8).

In this study, we aimed to develop a simple nanotexturing
method that can alter the surface energetics of solar panels to
decrease charged dirt accumulation and maximize the power
output of solar panels. This study also used contact angles to
confirm if the surface energy of glass was changed through a
base (KOH or NaOH) treatment. If the contact angles of water
and a surface are acute (<90°), the surface is considered
to be hydrophilic or of high surface energy, and if they are
obtuse (>90°), the surface is considered to be hydrophobic or
of low surface energy.

The contact angle between a liquid and a solid can be
used in the well-established Young’s equation to determine
the surface tension or surface energy of silicone and glass
(model solar panel chemistries) which can then be used in
the Webster’s equation to determine the effective roughness
on silicone and glass needed to achieve a hydrophobic
surface to reduce charged dirt accumulation (9, 10). We
used contact angles to determine how the hydrophobicity of
model glass or silicone solar panel samples changed with
various KOH or NaOH treatment times. Moreover, the contact
angle before treatment was used to determine the desired
surface energy of a control model solar panel surface. These
equations help explain that small contact angles result from
high surface energy and hydrophilic solar panels that would
promote dirt accumulation, while large contact angles result
from low surface energy and hydrophobic solar panels that
would inhibit dirt accumulation. Water and charged dust
likely behave similarly in a typical state. Specifically, water
molecules are polar due to their uneven sharing of bonded
electron pairs and dust as well as dirt have either a positive
or a negative charge due to interactions with different objects
and particles (11). Thus, a change in contact angles would
provide evidence of a change in surface energy of the
silicone or glass solar panel surface to interpret different dirt
accumulation.

Ultimately, in this study, we tested the hypothesis that
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Figure 1: The relationship between the KOH treatment time of
glass and the weight of dirt-settlement. Average of n=3 glass
samples are shown per timepoint. The average of all the SD of the
mass of dirt was +0.6 mg which was used to graph the error bars.
The sample that accumulated the smallest mass of dirt was the 13
minute treated sample. The trend is a cubic trend as the best-fit
polynomial function passes through all of the error bars. The optimal
treatment time to decrease dirt accumulation using the cubic trend
was around 20 minutes.

glass and silicone (key components of solar panels) could
be modified with KOH or NaOH to possess nanotextures to
increase their hydrophobicity, reducing dirt accumulation and
increasing solar power output. For this, we measured contact
angles with a liquid and determined dust accumulation
where the change in mass of a glass or silicone sample was
measured when fine dirt was blown onto its surface. Results
showed that a model solar panel glass sample treated for 13
minutes in KOH accumulated the least amount of dust and dirt
by 0.8 mg suggesting the value of using this simple method to
improve solar panel performance. This approach was further
confirmed by showing that treating silicone surfaces in 10
minutes of KOH reduced dirt accumulation by 3 mg.

RESULTS

The aim of this study was to determine the optimum
treatment time for model solar panel chemistries of glass
and silicone in basic solutions (KOH or NaOH) to minimize
dust and dirt accumulation. After we treated the samples in
the basic solutions for various times, we determined contact
angles on each sample converting such values to surface
energy using the Young'’s equation. For glass, we used honey
as the contact angle liquid because even with an extremely
small drop of only water, the contact angles were too small
and there were no measurable differences. Therefore, a more
viscous liquid with honey was used so that the measured
contact angles were larger leading to smaller uncertainties.
The surface energy of honey is 55 mJ m2 (12). For silicone, we
used water contact angles since silicone is more hydrophobic
so the contact angles were easier to determine with pure
water. Then, to calculate the predicted effective roughness
for a surface to repel dirt, we used the Webster equation and
then completed dirt accumulation studies.

Using the Young’s equation and the Webster equation, we
determined E (r,,) by calculating the nearest whole number
greater than o_ that would provide an idea for the minimum
positive value for the effective roughness. If E(r.)) < o,
the effective roughness was a negative number, indicating
a smoother surface would be more ideal and polar water
molecules would remain attached more easily. See the
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Time of Glass | pass of Dirt on Glass (+0.000.1g) | Mean Mass
in KOH of Dirt on

(minutes) Trial 1 Trial 2 Trial 3 Glass (mg)

0 0.0012 0.0018 0.0023 1.8

13 0.0002 0.0010 0.0013 0.8

30 0.0009 0.0009 0.0020 1.3

50 0.0015 0.0013 0.0028 1.9

70 0.0014 0.0025 0.0020 2.0

80 0.0017 0.0027 0.0022 2.2

Table 1: The effect of KOH treatment time of glass on the weight
of dirt that settled on glass. n=3 glass per timepoint. The mass of
the dirt that was accumulated on the surface of the glass samples as
recorded by trial and the mean in mg.

Appendix for the calculations. Results from these equations
showed that the predicted effective roughness for solar panels
to reduce dirt accumulation was between 205 nm to 455 nm.
Next, we determined the effective basic solution treatment
times to create the surface energy needed to reduce dirt
accumulation. For glass, we found that the sample that was left
in KOH for 13 minutes accumulated the smallest mass of dirt
(Figure 1, Table 1). We further fit the data to a cubic equation
where the cubic equation showed an optimal KOH treatment
time to reduce dirt accumulation was 20 minutes. However,
these results did not correspond with the sample that had the
largest contact angle or was the most hydrophobic (Figure
2) which was the sample that was not treated in KOH. This
would require more investigation as it was expected that the
most hydrophobic surface would decrease dirt accumulation
the most, thus, suggesting that other factors for controlling
dirt accumulation are coming into play (such as the surface
features for the most hydrophobic surface may have had the
most crevices or defects to physically trap dirt confounding
trends).

For silicone, similar to glass, the least amount of dirt
accumulation occurred by soaking silicone in KOH for 10
minutes (Figure 3). The greatest hydrophobicity was observed
after soaking silicone in KOH for 30 minutes (Figure 4). For
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Figure 2: The relationship between the KOH treatment time
of glass in minutes and the contact angle between honey and
glass. Average of n=3 glass samples are shown per timepoint. The
trend is cubic which corresponds to the cubic trend observed with
the dirt accumulation experiment (Figure 1) and the function passes
through all of the error bars. The magnitude of the error bars was
calculated by finding the average of all SD of all of the contact angles
(£2.9°). The 0-minute treated sample had the highest contact angle.
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Figure 3: The effect of KOH treatment time on the mass of dirt
on silicone. n=1 silicone per timepoint. The least amount of dirt
accumulation was achieved at 10 minutes of KOH treatment time or
when the contact angle showed increased hydrophobicity.

NaOH, the greatest hydrophobicity was found for soaking
silicone for 50 minutes (Figure 5). All the angles were obtuse,
meaning that the surface was hydrophobic. By comparing the
results from using NaOH and KOH, the main difference was
that the contact angles from soaking in NaOH produced an
increasing trend while the silicone samples treated in KOH
showed that the angles first increased, reached a maximum,
and then decreased. Again, such results may be confounding
in terms of interpreting dirt accumulation due to simultaneous
changes in roughness (which can independently inhibit water
from spreading on a surface) and surface energy.

Nonetheless, the least amount of dirt accumulation was
found when soaking glass and silicone in KOH for 13 and 10
minutes, respectively.

DISCUSSION

As a reminder, the central question of this paper lies
around the problem of dust accumulation hindering the
performance of solar panels. This study used materials from
two solar panel types: silicone and glass. First, we calculated
an optimal surface roughness to reduce dirt accumulation
using well established mathematical equations. Then, we
nanotextured silicone and glass by soaking them in bases
(KOH and NaOH) for various amounts of time, determined
contact angles, and the mass of dirt they accumulated.
Results showed that contact angles increased (surfaces
became more hydrophobic) as the treatment time increased,
except for the 50-minute silicone KOH sample. Additionally,
we discovered that on silicone, there was less dirt buildup on
a more hydrophilic surface, created by a shorter treatment
time of about 10 minutes. Glass exhibited similar behavior:
as treatment time increased, contact angles increased
(became more hydrophobic) and there was less dirt buildup
on the hydrophilic surfaces. Dirt accumulation showed an
initial decrease on both materials at the short treatment
times. Overall, while we were successful in reducing dirt
accumulation and thus improving solar panel efficiency,
correlating this change to changes in surface energy (or
contact angles) can be difficult due to the confounding effects
of roughness and surface energy on dirt accumulation. For
example, due to the type of roughness, it can be envisioned
that a more hydrophobic surface could have crevices and
defects that physically trap dirt more than a hydrophilic
surface.

https://doi.org/10.59720/23-318
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Figure 4: The effect of KOH treatment time on the water-silicone
contact angle. n=1 silicone per timepoint. The most hydrophobic
silicone surface was made after 30 minutes of KOH treatment.

In this project, KOH and NaOH were used to etch the
samples. However, seeing these effects with different bases
or even acids may be interesting as well to determine which
one is most economically viable, safe, or efficient. Further,
instead of soaking glass in these solutions, future studies
should consider a spraying method for ease of use. Questions
like these must be posed for the real-life application of
nanotexturing solar panels for harnessing energy. Finally,
finding the surface energy of dirt should be furtherinvestigated,
as it would be another method for determining the effective
roughness and energy of dirt-resistant solar panel surfaces.

A point of weakness from the methods used here was that
the initial basic (NaOH versus KOH) treatment for silicone
was different as they were applied using different methods.
The NaOH treatment involved allowing the silicone to sit on
a glass surface then removed, whereas the KOH treatment
was from letting silicone dry on parafilm then peeled off.
They most likely molded to the different underlying surfaces
resulting in contrasting initial contact angles. This may have
affected the rate of change of contact angles, therefore, an
improvement to this method should be implemented and
could use a consistent silicone surface for treatment.

Another limitation in this study is that the type of dirt, dust,
and other particles should be formulated differently depending
on the target location of the solar panels, as there are distinct

100

2 a

‘Water-Silicone Contact Angle (')
o
®

0 10 20 30 40 50
Time of Silicone in NaOH (minutes)

Figure 5: The effect of NaOH treatment on the water-silicone
contact angle. n=1 silicone per timepoint. The contact angles made
when a small drop of water was placed onto a 1.5x1.5 cm piece
of silicone treated in NaOH for various length of time. The most
hydrophobic silicone surface was made after 50 minutes of NaOH
treatment.
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types of airborne particles found in select regions that may
adsorb in alternative ways chemically to a solar panel due to
various charges (14). This study was focused on producing
more efficient solar panels to be used in Middle Eastern,
North African (MENA), and West African countries, and as
the dirt that was experimented with was found in Providence,
Rl (USA), the composition of dirt likely does not represent
the soil and dust found in MENA and West African regions.
Therefore, experiments completed in different locations will
improve the validity of this research.

Results from this study could be directly used in the solar
panel industry, with further research for greater certainty,
to improve the ability of solar panels to collect sunlight and
convert that sunlight into energy. This study shows that
treating solar panels with a strong base for just a few minutes
can achieve such an important goal. Or, one could apply
such a base as that used in this study after solar panels are
installed to reduce dirt accumulation which inhibits solar light
accumulation. Nanotexturing the glass or silicone surface of
solar panels will be vital for regions that have dusty weather so
that they can begin using solar energy, a renewable energy,
more effectively.

It is important to place the results of this study into context
with other studies. For example, one study found that NaOH
smooths glass at a faster rate than KOH (15). In this present
study, this finding was not demonstrated, as the comparison
between KOH and NaOH was done solely through silicone
samples and therefore was not verified. However, using KOH
for glass may have allowed for results that provided a more
complete picture. As the treatment times were kept the same
here, the behavior of NaOH and KOH interacting with glass
are likely to be very similar, as the only difference is the metal
ion in the base. However, because KOH reacts with glass at
a slower rate, the contact angle trend may be more accurate
than the one found for NaOH.

Further, a study published in 2015 by Yilbas et al
investigated a similar issue regarding the effect of dust and
mud accumulation on solar panels (16). Whereas the present
study utilized a more affordable and easier method and
materials to find a solution to this problem, the aforementioned
study looked into the problem of dust altering the properties
of solar panel surfaces. They found that KOH present in mud
causes etching of glass so this raises the question of how
long the treated, nanotextured glass will last if or when put
into use if placed in locations where KOH and other bases
naturally occur.

In regards to the results, the behavior of contact angles
increasing then decreasing requires further study, this could
be due to KOH being a stronger base which increased the
etching reaction, perhaps first forming nanotextures but then
smoothing the surface when treated too long. The KOH-
treated samples reached a maximum contact angle before
the NaOH samples did, essentially allowing us to view the
potential results if the samples treated in NaOH were to be
treated for longer periods of time. Additionally, both silicone
and glass with short treatment times support the hypothesis
that as the surface became hydrophobic, it became more
dust-resistant.

There are many areas to be considered to further research
this topic. A crucial point to consider is the reflectiveness of
the glass. Reflecting light away from the solar panels is the
last thing that is desired as the purpose of solar panels is
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to harness or collect energy. Therefore, ensuring that the
glass (and resulting nanotexture) is not reflective is also
important, which leads to another idea for future research
that could be done to minimize the reflectiveness of glass on
solar panels so that increased quantities of energy can be
absorbed by the PV cells. Specifically, the reflectiveness of
the nanotextures created from this study could be tested as
a future experiment. Moreover, the type of glass used in this
study was borosilicate. However, solar panels are made with
tempered glass, which may have different properties than the
microscope slides; therefore, such differences in chemistry
must also be investigated.

It is clear that the process developed here to reduce dirt
accumulation is easy, inexpensive, and effective. However,
similar to existing solutions which use coatings that may need
to be reapplied frequently, nanotexturing glass may need to
be replaced or chemically treated again and again. If research
on this topic continues, it is clear that large-scale solar farms
could use this approach as an economic and effective solution
in the long-term. This method does not yet permit zero dust
accumulation, however, even around 10 minutes of treatment
time could reduce the frequency that solar panels have to be
cleaned. In regions where dust is a major barrier to switching
to solar energy for electricity, this is a breakthrough that could
reduce inequalities of resources and opportunities, thus, also
having significant social impact.

MATERIALS AND METHODS
Nanotexturing

Silicone, used as a model solar panel surface, was poured
onto a flat piece of parafilm and was left to dry overnight. It
was then cut into six pieces 1.5 cm long x 1.5 cm wide. KOH
was poured into a wide-base beaker/container up to a height
of around 1 cm. Pieces of silicone were added to the KOH
solution and then removed after 0, 10, 30 and 50 minutes
and fully dried with a paper towel. Glass was added then
removed from the KOH solution at 0, 13, 30, 50, 70, and 80
minutes and then dried with a paper towel. There was one
set of silicone samples tested in this study and three sets of
glass samples, making a total of 18 glass samples and four
samples of silicone.

The main component of glass consists of silicon dioxide/
silica (SiO,). The chemical reaction between KOH(aqg) and
SiO,(s) predicts that the surface of glass will corrode after
exposure to KOH (Equation 1), leaving behind an altered
surface of glass which has varying roughness, thus, affecting
the adsorption of water, dust, and other substances:

2KO0H(aq) + Si0,(s) = K,Si03(aq) + H,0(l)  (Equation 1)

Contact Angles of Water/Honey on Silicone/Glass

The silicone/glass samples were placed on flat surfaces
with the nanotextured surface facing up and placed in order
from shortest to longest treatment time. A three-mL syringe
was filled with regular tap water for silicone samples and
honey for glass samples. It was closely held above a silicone/
glass sample and a drop of water/honey was placed on it,
ensuring it was as even as possible. Similarly sized water/
honey droplets were placed onto each silicone/glass
sample. A side-view picture of the droplets was taken. The
contact angles were manually measured with a protractor by
estimating the tangential line where the droplet meets the
silicone/glass surface.

Journal of Emerging Investigators « www.emerginginvestigators.org

30 JANUARY 2025 | VOL 8 | 4



EMERGING INVESTIGATORS

Testing for Dust Resistance

A flat surface that was long enough to hold all the
microscope slides and silicone samples, and large enough
so that no samples overlapped each other, was made from
cardboard. It was made to form an angle of between 30°
and 45°. A small lip was added to the bottom of the device
so that the content stayed in place. An electronic balance
(£ 0.0001 g) was used to measure the weight of the silicone
and glass samples. The apparatus was set up outside with
a small fan and a bag of around 100 g of fine, dry dirt on
standby. The fan was moved back and forth parallel to the
surface of the cardboard while taking a small handful of dirt
in hand. The dirt was slowly released in increments, making
sure that it flew towards the silicone and glass and landed
on their surfaces. This process was continued while ensuring
that the dirt was blowing on the silicone and glass surfaces as
evenly as possible until there was no more dirt. The weights
of the silicone and glass samples were carefully measured
and recorded again, making sure not to add or remove dirt
particles from them in the process. The silicone and glass
samples were rinsed with water and paper towels to repeat
this process two more times for a total of three ftrials, but
only for the glass samples. One silicone was used for each
experimental condition.

Calculations

The Young's equation (Equation 2) shown below can be
used to determine the surface tension of silicone and glass:
where o_is the surface tension of the solid, o, is the interfacial
tension (which is 0 J as it is in equilibrium), o, is the surface

a0y = 0g; + 0, X cosO (Equation 2)

tension of the liquid, and 6 is the contact angle. As the contact
angle gets closer to 0°, o, gets larger. Increasing the contact
angle to 90° decreases the surface tension value as cos@
approaches 0.

The Webster equation (Equation 3) can then be used
to determine the effective roughness desired E(r..). The
equation is as follows:
where E (r ;) is the desired surface energy of a substance,
E, . is the initial surface tension, p is a constant of 1.4 mJ m?

Es(reff) =Eys +p X1 (Equation 3)
(100 nm)", and r_ is the predicted effective roughness for that
surface to possess the desired surface energy.
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