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h i g h l i g h t s

� A self-coating with composited layer structure can applied in PV panels is proposed.
� This coating is consisted of TiO2 and KH550.
� pH in hydrothermal reaction is an important factor to control the self-cleaning property and light transmittance of coating.
� This coating can increase the output of PV panels in outside test.
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a b s t r a c t

To improve the properties of anti-dust for PV modules, the concept of self-cleaning has been proposed for
many years. However, the traditional self-cleaning coating is unstable in nature environment, which lim-
ited its application in the PV panels. Therefore, this study aims to design a novel super-hydrophilic coat-
ing with high stability and corrosion resistance, which would be very advantageous to apply in the PV
panels. The super-hydrophilic self-cleaning coating is composed of 3-triethoxysilylpropylamine
(KH550) and TiO2. KH550 is a kind of surface modification agent, which creates more active groups on
the surface of glasses. TiO2 is prepared by a hydrothermal reaction with titanium ethoxide, and the influ-
ence of pH is investigated as an important factor during the application in PV panels. The composition
was measured by UV/VIS/NIR spectrophotometer, and the particle size distribution and the surface struc-
ture were characterized by Scanning Electron Microscope (SEM). The TiO2 nanocrystal was investigated
by X-Ray Diffraction (XRD) and Transmission Electron Microscope (TEM). The water contact angle (WCA)
was measured by contact angle instrument. It was found that the static water contact angle on the sur-
face of super-hydrophobic coating was as lower than 5�, which show an excellent super-hydrophilic
property. Abstract should state the principal results and conclusions briefly, and the significance of this
study.

� 2017 Published by Elsevier Ltd.

1. Introduction

The application of photovoltaic power station was increased
with over 150 gigawatts (GW) capacity in the past 4 years, more
than the cumulative installation volume in the previous 4 decades
[1]. PV installations have been expected with a great significant for

the observed rapid decrease in system prices, the lower cost of cap-
ital, and PV’s market maturation. PV installed capacity in the world
is likely to be more than doubled in a few years, d and PV is
installed faster than any other renewable energy technologies
[2]. The solar PV panel as the core component of the solar power
system remains long-running, so the effect of the dust deposition
on the system efficiency is significant. The sources of the dusts
include the tiny inorganic particle formed by the motion of sand,
soil and wind, the below dust due to the industry, building, and
transportation, and organic dust form the biomass of animals and
plants [3–5]. The researches about the effect of the dust-fouling
on PV panel have been studied for many years all around the
world. Due to the different air quality in different area, the effect
of the dust-fouling on PV panels are quite different. In dry and less
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rainfall area, the dust has a great effect on efficiency of the PV pan-
els. Nimmo and Said [6] discovered that a reduction of efficiency
reaches 26%–40% in Saudi Arabia after 6 month without washing.
Sayigh [7] showed another result that the efficiency of solar ther-
mal collector decreased 30% after 3 days without washing. In
1981, Wakin proposed that 17% of efficiency degradation for the
PV panel occurred after 6 days in Kuwait. EI-Nashar, [8] who comes
from The United Arab Emirates showed that the transmittance of
glass reduced 70% because of the dust in summer.

Conventional cleaning methods involving sanitizing materials
and solutions are necessary to maintain the freshness of the sur-
face of PV panels. Besides of the economic burden, extensive clean-
ing potentially leads hazardous substances to the environment and
ecosystem. Inspired by the surfaces with a high intrinsic ability to
clean themselves in nature, the self-cleaning surface, has attracted
huge research curiosity in past decades due to its unique mecha-
nism and high adaptability [9–14]. The concept of self-cleaning
was based on the super-hydrophobic or super-hydrophilic nature
of certain plant leaves. The most well-known example for super-
hydrophobic is the lotus leaf, which allows the water droplets roll-
ing off the surface with dirt to obtain a cleaning surface. This sur-
face, as shown in Fig. 1, demonstrates a water contact angle (WCA)
higher/larger? than 150� and a small water sliding angle lower/
smaller? than 2�. On the contrary, water film can be formed on a
super-hydrophilic surface to detach the dirt components from sub-
strate. As show in Fig. 2, the WCA is extremely small or even zero
and the water film makes the dirt components movable along with
the water flow on the surface. Thus, both super-hydrophobic [15–
18] and super-hydrophilic surface [19–20] can be efficiently
cleaned only with the aid of water.

In generally, super-hydrophobic surfaces are composited by
some organic materials with micro- and nano-structure. However,
most of the super-hydrophobic surfaces will fail, when they are
exposed in the air. Because they would be damaged by some envi-
ronmental factors which include chemical reaction with some
solution and air, ultraviolet aging, erosion by some particles and
germs, even mechanical wear, which limit the application of the
super-hydrophobic coating in PV panels.

Most of super-hydrophilic self-cleaning coatings are compos-
ited of TiO2 which is a kind of photocatalyst [12]. These coatings
can chemically break down dirt when exposed to light. However,
with the poor dispersion and adhesion, this coating show a short
life time and low transmittance. Despite the commercialization
of a hydrophilic self-cleaning coating in a few products, the field
is far from mature. Also, there are many other materials to process
a super-hydrophilic surface. Hu Yan [6] showed a controllable
water contact angle of super-hydrophilic coating with TEOS and
silane coupling agent. But the lifetime of this coating is not long
enough which limited its application in the PV panels.

2. Experiment

2.1. Nanosized TiO2 synthesis

Nanosized anatase TiO2 was prepared by the following route
and the structures of raw materials was shown in Fig. 3. Titanium
ethoxide (30 ml, Ti 7.3 wt.%) (guaranteed reagent grade from Alfa-
Aesar) was diluted with absolute ethyl alcohol (100 ml) under vig-
orous stirring. After rotary evaporation, the pale brown colloid was
obtained, then the hydrochloric acid (36%) and nitric acid (60%)

Fig. 1. Super-hydrophobic surface.

Fig. 2. Super-hydrophilic surface.

Fig. 3. The structure of Titanium ethoxide and KH550.
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