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Abstract
Transparent hydrophobic glass materials had played an important role in our daily life, but some problems such as complex
or expensive manufacturing processes, poor wear resistance and opacity limited its applications. In this paper, a composite
silica sol composed of modified SiO2 nanoparticles and transparent special water-based silicone resin was prepared. An
organic-inorganic hybrid coating was formed on the glass surface by a simple spraying method to produce a hydrophobic
surface with high transparency and durability. Perfluorinated polyether (PFPE) chains with lower surface energy were
introduced into the silica sol prepared above. The composite coatings had both the low surface energy of fluorine-containing
substances and the rough structure. The surface topography, static water contact angle, self-cleaning performance, anti-
fouling performance, wear resistance, adhesion performance, acid and alkali resistances of the coating were tested. The
results showed that the maximum water contact angle of the prepared transparent hydrophobic glass can reach 140°. The
coating had good adhesion performance, wear resistance, self-cleaning and acid resistant, but poor alkaline resistance.
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Highlights
● Wear-resistant self-cleaning silicon sol coating was developed.
● Perfluorinated polyether (PFPE) chains improved the hydrophobicity of the surfaces.
● The effect of KH550 and KH560 with different volume ratios on the coating properties was investigated.
● Hydrophobic coating was developed on glass substrates by spray-coating.

1 Introduction

In daily life, glass fiber is a widely used inorganic non-
metallic material, its main components include silicate,
silica and other substances. High transmission hydrophobic
glass allows for many potential applications, including anti-
frost [1–3], self-cleaning materials [4, 5], anti-icing mate-
rials [6, 7], anti-corrosion [8–10], sensors [11], oil/water
separation [12, 13], fabrics [14]. However, in practical
application scenarios, because the glass is generally
exposed to the air, its surface is polluted by dust particles,
which will significantly reduce the transmission of light.
Especially in the photovoltaic application scenario, the
pollution of the glass surface of solar panels is one of the
main problems affecting the performance of photovoltaic
modules [15]. Sulaiman et al. had found that dust particles
on the glass surface of the panel will reduce its efficiency by
85% [16]. In order to solve this problem, regular artificial
cleaning of the glass surface needs to consume lots of
financial and material resources. Therefore, the develop-
ment of self-cleaning glass with hydrophobic property has
become a research hotspot.

In 1997, through the observation of the surface mor-
phology of lotus leaves, low surface energy substances and
the micro-nano level rough structure were the key factors to
make the solid surface have hydrophobic properties [17].
Since then, the preparation method of superhydrophobic
surface has been widely studied. However, there are few
researches on transparent hydrophobic coating. Because
from the point of view of surface roughness, hydrophobicity
and transparency are competing properties [18]. According
to Akria et al., controlling the rough structure to less than
100 nm was conducive to the simultaneous realization of
both transparent and hydrophobic properties [19].

Numerous techniques have been utilized to prepare super-
hydrophobic coatings, including electrochemical method [20],
dip coating method [21, 22], etching method, spray method
[23, 24], self-assembly method [25] and sol-gel method [26].
Sol-gel method is a common method for preparing organic-
inorganic hybrid materials. The preparation method is to
dehydrate and condense esters or metal salts as precursors to
form a gel with a three-dimensional network structure. The sol
with different surface structures can be obtained by adjusting
the composition of the precursors and the sol-gel preparation
process. Bake [27] et al. adopted the sol-gel method, using the
appropriate molar ratio of methyl trimethoxy-silane (MTMS)

and γ-(2, 3-epoxy-propoxy-propyl) propyl trimethoxy-silane
(KH560) silanized adhesive as the primer, and then 1H, 1H,
2H, 2H-perfluorooctane-trichlorosilane (PFOTS) modified
SiO2 nanoparticles sprayed on the primer obtained a strong
and super-hydrophobic coating with a transmittance of 6%
higher than that of bare glass, mainly due to the reduction of
surface reflectivity caused by the rearrangement of SiO2

nanoparticles. Zhang et al. hydrolyzed KH-560 and added
polyethylene glycol as a pore-forming agent to prepare a
nanoporous structural layer solution. The glass coated with the
structural layer solution successfully formed a porous cross-
linked network structure after calcination at high temperature,
and then embedded modified hydrophobic sol-gel SiO2

nanoparticles in the porous network structure to obtain a
permeability of up to 97%. Superhydrophobic surface with
refractive index reduced to 1.3471. In addition to the above
methods, there are many methods to construct hydrophobic
coatings on the glass surface, such as electrostatic spinning
[28, 29], chemical vapor deposition [30], phase separation
[31]. Each method has its own advantages and disadvantages
in terms of preparation procedure, preparation scale, process
cost, film performance, etc. The selection of specific methods
needs to be determined according to the actual requirements
and the environment used. However, no matter what kind of
use environment, the mechanical stability and environmental
stability of the structure and performance of the surface have
certain requirements.

For inorganic materials such as glass, in order to prepare
superhydrophobic surfaces, the current methods often use
substances containing elements such as carbon and fluorine to
combine with them to form organic-inorganic hybrid coatings
with micro-nano rough structures. However, after such micro
and nano structures are constructed on the glass surface, the
mechanical stability of the transparent hydrophobic coating is
often affected due to it is usually in thermodynamic metastable
state. At the same time, there are a lot of pores and micro-cracks
on the surface of the glass, which will lead to the deterioration
of its wear resistance. Therefore, the functional modification of
glass surface can effectively improve its self-cleaning ability
and the wear resistance of the coating without affecting its light
transmittance, which has become an important direction for the
functional modification of glass surface [32].

In this paper, ethyl orthosilicate (TEOS) was used as a
precursor to prepare SiO2 sol under the action of alkali
catalysis. Then the prepared silica sol was functionalized
with silane coupling agent. The water-based silicone resin
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was added to obtain the modified silica sol with good dis-
persion and stability, which was sprayed on the glass sub-
strate surface. A rough structure with organic/inorganic
nanocomposite was constructed. After spraying nano
fluorocarbon polymer, which was equivalent to using low
surface energy material perfluoropolyether polymer for
surface modification, spraying on the glass to obtain a
chemically bonded composite coating. Finally, the X-ray
energy spectrometer (EDS) analysis, scanning electron
microscopy (SEM) and fourier transform infrared spectro-
scopy (FTIR) of composite coating materials were carried
out. In addition, a series of performance tests were con-
ducted to evaluate coating properties and study the rela-
tionship between material structure and properties,
including self-cleaning performance test, anti-fouling per-
formance test, wear resistance test, adhesion test, acid and
alkali resistance tests.

2 Experiment

2.1 Materials

25 mm × 60 mm glass slides were purchased from Shanghai
Xingtai Industrial Glass Co., Ltd. Ethyl orthosilicate
(TEOS) was purchased from Shanghai Chemical Reagent
procurement and supply of Wulian Chemical Plant. The
glass slides were ultrasonic cleaned with acetone and
anhydrous ethanol respectively for 20 min, the dust and oil
on the glass substrate were removed. Then the slides were
dried in the blast drying oven at 80 °C for use. γ-amino-
propyl triethoxysilane (KH550) was purchased from Beijing
Innokai Technology Co., LTD. RS-9711 water-based nano
silicone resin was purchased from Zhongshan Kobang
Chemical Material Technology Co., LTD. Acetic acid,
anhydrous ethanol, hydrochloric acid (HCl), sodium
hydroxide(NaOH), aqueous ammonia and γ-(2,3-epox-
ypropoxy)propytrimethoxysilane (KH560) were purchased
from Sinopharm Chemical reagent Co., Ltd. Quartz sand
was purchased from Shanghai McBiochemical Technology
Co., Ltd. QX-18 fluorocarbon nanocoating was purchased
from Nanjing Quanxi Chemical Co., Ltd.

2.2 Preparation of SiO2 sol

3 mL of 30% ammonia and 20 mL of anhydrous ethanol
were added into a 50 mL beaker. The solution was sealed
and stirred for 30 min at room temperature. Then 25 mL
anhydrous ethanol and 3 mL ethyl orthosilicate were added
into another 50 mL beaker, sealed and stirred for 30 min at
room temperature. Under the condition of intense stirring,
the solution in the two beakers was added to the three-neck
flask, and the nano-SiO2 sol was obtained by sealing and

stirring under the condition of 50 °C water bath for 1 h. The
prepared silica sol was poured into the beaker and stirred for
12 h to make the ammonia in the sol volatilize and ensure
the stability of the SiO2 sol.

2.3 Silane coupling agent modified SiO2 sol

50 mL anhydrous ethanol was added into the prepared silica
sol, adjusted the solid content to 2–3%. 10 mL deionized
water were added to 1 mL silica sol and the pH was adjusted
at 3~4 by adding acetic acid. KH560 and KH550 were
added to the solution, and the volume ratio of the KH560
and KH550 was 1:1. Moreover, after magnetic stirring at
room temperature for 30 min, 0.2 mL of RS-9711 water-
based nano silicone resin were added to the solution under
the condition of intense stirring, and the silane coupling
agent modified SiO2 sol was obtained by continuing to seal
and stir for 4 h.

2.4 Preparation of transparent hydrophobic wear-
resistant glass surface

A spray was used to continuously spray the composite silica
sol onto the substrate and form a thin liquid film. The coated
substrate was dried in an oven at 60 °C for 30 min. After
being placed at room temperature, the QX-18 fluorocarbon
nano coating was sprayed onto the glass surface coated with
composite silica sol (0.1 mL/cm2), and finally dried in the
oven at 120 °C for 30 min. At high temperature, silanization
graft reaction was occurred between the PFPE molecular
chain and the silicon hydroxyl group, thus the chemically
bonded transparent wear-resistant hydrophobic composite
coating was obtained (Fig. 1).

2.5 Preparation mechanism of composite coating

2.5.1 Mechanism analysis of SiO2 modification by silane
coupling agent

SiO2 sol was prepared with TEOS as precursor and
ammonia as catalyst. Silane coupling agents KH550 and

Fig. 1 Preparation process and hydrophobic properties of transparent
wear-resistant hydrophobic glass
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KH560 with different functional groups on the surface were
used to modify the silica sol. The two silane coupling agents
reacted with SiO2 colloidal particles respectively to obtain a
composite structure colloid with two kinds of colloidal
particles, and a rough surface with binary layers in the
microstructure was obtained. The corresponding reaction
equations of organic-inorganic hybrid silane coupling agent
were shown in Fig. 2.

2.5.2 Grafting mechanism analysis of perfluorinated
polyether chain and modified SiO2 sol

Firstly, the hydroxyl groups of the modified silica sol
underwent grafting reaction with the hydroxyl groups on the
surface of the glass slide. The hydroxyl group on the surface
of the perfluoropolyther polymer (PFPE) in the nano
fluorocarbon coating underwent polycondensation with the
unreacted hydroxyl group in the modified SiO2 micro-
spheres during heating, forming stable Si-O-Si bonds. By
chemically bonding the PFPE chain with the modified silica
sol, a composite coating with better hydrophobic property
was obtained.

2.6 Characterization

The functional groups of coatings were characterized by FTIR
spectroscopy (Nicolet iS20, Thermo Scientific, USA). The
micromorphology of the hydrophobic coating was observed

on a scanning electron microscope [33]. The elemental ana-
lysis test of the transparent hydrophobic coating was per-
formed using an EDS in combination with the scanning
electron microscope (SU1510, Hitachi, Japan). The transmit-
tance of the composite coating was tested using Perkin
Elmer’s Lambda 950 UV visible near-infrared spectro-
photometer loaded with an integrating sphere in the visible
light range of 350–800 nm at intervals of 5 nm. The contact
angle (CA) measuring instrument (Kyowa Interface, Inc.
Finland) was used to test the CA and sliding angle (SA) of the
high transmission hydrophobic glass. The slides were leaned
on the petri dish, spread a layer of 270-purpose standard quartz
sand on the surface. It was used an eyedropper to absorb
deionized water, which was dropped on the surface of the
slides, observed the rolling of water droplets on the surface of
the slides and the residual degree of quartz sand on the surface
of the slides [34]. The surface transparency of the untreated
slides and the coated slides were observed in contrast. The
adhesion test between the film layer and the substrate was
carried out in accordance with GB/T 9286-1998, Cross cut
Test for Paints and Varnishes Film. A blade was used to draw
10 × 10 grids at 1mm intervals on the surface of the glass
substrate. The cut surface was cleaned with a soft bristled
brush, and peeled off with 3M tape to check its adhesion to
the substrate [35]. In the sandpaper friction test, the 100 g
weight was tightly adhered to the prepared slides coated with
hydrophobic coating with glue. The coating layer contacted
the surface of the sandpaper and moved in a straight line, and

Fig. 2 Modification principle of
silane coupling agent
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the contact angle of the hydrophobic coating after the above
treatment was determined. An oil-based pen was used to write
on the surface of bare glass and coated glass. The ink was
observed on the surface of the glass, and then wiped with a
tissue to observe the remaining ink on the surface of the glass.
After the coated glass was soaked in pH= 2 (0.01M HCl) and
pH= 13 (0.1M NaOH) solutions for 15 h, cleaned by ultra-
sound with deionized water for 20min and dried to determine
the contact angles and sliding angles of the hydrophobic
coating every 3 h.

3 Results and discussion

3.1 FT-IR analysis of organic-inorganic hybrid
coatings and composite coatings

The fourier transform infrared spectroscopy of composite
coatings sprayed on glass surface with modified silica sol
and modified with perfluoropylether based on silica sol
were showed in Fig. 3. The strong absorption peak at
1100 cm−1 was due to stretching vibration of Si-O-Si
bond. The deformation vibrations peak of C-H bond was
near 2950 cm−1. The wide absorption peak observed at
3400 cm−1 corresponded to the stretching vibration peak of
O-H bond. At 3360 cm−1 and 1650 cm−1, there were N-H
stretching vibration and bending vibration peaks, respec-
tively. The N-H stretching vibration peak might exist near
3360 cm−1, but the N-H peak was covered because the O-H
vibration absorption peak was too strong. The absorption
peak observed at 1340 cm−1 represented the vibration
absorption peak of C-Si-O. The peak at 760 cm−1 was
attributed to the stretching vibration peak of Si-C bond in
methylsilane [36].

Among them, the N-H bending vibration peak at
1650 cm−1; the vibration absorption peaks of C-Si-O near
1390 cm−1. These characteristic peaks proved that the
silane coupling agent KH-550 successfully reacted with
SiO2 particles and grafted to its surface. Symmetric
stretching vibration peak of C-H bond in epoxy group
was around 2970 cm−1; the vibration absorption peak of
C-Si-O was observed at 1390 cm−1 and the stretching
vibration peak of Si-C bond in methylsilane was found
near 760 cm−1. These characteristic absorption peaks
proved that KH-560 was successfully grafted to the sur-
face of SiO2 particles.

On the basis of the organic-inorganic hybrid coating,
perfluoropolyether chain was introduced into the composite
coating, and the absorption peak of hydroxyl group in the
composite coating was weakened, which was consistent
with the theory that the hydroxyl group was consumed
during the linking process of perfluoropolyether. The
reduction of hydrophilic hydroxyl group also indicated that
the composite coating had better hydrophobic performance,
and the absorption peak of -CF3 appeared at 1460 cm−1.
The results showed that the structure was consistent with
the expected structure of composite coating and organic-
inorganic hybrid coating.

3.2 Microstructure and elemental analysis of
composite coatings

3.2.1 Microstructure of composite coating

The microstructures of the composite coating with different
dosages of silane coupling agents were shown in Fig. 4.

It was shown that there were a large number of silica
particles on the surface of the coating, and the particles were
agglomerated irregularly and formed a certain roughness on
the glass surface. A rough structure at the micrometer scale
for the hydrophobicity of composite coatings was provided.
With the increase of silane coupling agent usage, the surface
roughness of the coating was increased.

3.2.2 EDS test results and analysis

The EDS spectrum and the element content of the coating
were showed in Fig. 5. The contents of C, O, F and Si in the
sample were 23.14%, 40.07%, 0.93% and 35.85%, respec-
tively. The proportion of F was small, indicating that the
content of perfluoropolyether chain in the composite coating
was small [37].

From the analysis of the preparation mechanism of the
composite coating, the linking dendrimers of per-
fluoropolyether was few. When the prepared silica sol was
modified with KH550 and KH560, both of them were
grafted by reacting with the hydroxyl group on the surface
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Fig. 3 The fourier transform infrared spectroscopy of organic-
inorganic hybrid coating and composite coating
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of SiO2 microspheres. When the modified silica sol formed
an organic-inorganic hybrid coating on the glass surface, the
hydroxyl group on the surface of SiO2 microspheres and the
hydroxyl group on the glass surface also underwent dehy-
dration condensation. Therefore, there were less hydroxyl
groups remaining that could chemically bond with the
perfluoropolyether chain, resulting in less grafting of the
perfluoropolyether chain segment in the composite coating.

3.3 Effect of silane coupling agent dosage on
coating transparency and hydrophobicity

3.3.1 Effect of silane coupling agent dosage on the
transparency of composite coating

The hydrophobic performance of the coating was the best
when the amount of KH550 and KH560 was 1:1. Therefore,
this design only explored the effect of the total amount of
silane coupling agent on the transparency of the composite
coating. Figure 6 was filmed at night under lighting conditions,
from left to right: (a) bare glass, coated glass (silane coupling
agent added (b) 0.1%, (c) 0.2%, (d) 0.3%, (e) 0.4%, (f) 0.5%).

As the total amount of silane coupling agent were increased,
the transparency of the glass became lower and lower. When
the amount of silane coupling agent was 0.1%, the transpar-
ency of coated glass was almost the same as that of bare glass.
When the amount added was 0.2%, 0.3%, 0.4%, the trans-
parency of the coated glass was decreased obviously. When
the amount added was 0.5%, the transparency of the coated
glass was very poor.

Figure 7 was taken under daytime lighting conditions.
Consistent with the observed results in Fig. 6, the increase
of the amount of silane coupling agent in the modified silica
sol would reduce the transmittance of the coated glass.

The effect of silane coupling agent dosage on the
transparency of the coating was shown in Fig. 8. Under UV
visible near-infrared spectrophotometer testing, compared
with the uncoated bare glass surface, the coating had a
certain impact on the transparency of the glass. As the
amount of silane coupling agent gradually increased, the
transmittance of the coating in the wavelength range of
350–800 nm gradually decreased. Glass coated with 0.1%
silane coupling agent had little difference in transparency
compared to bare glass.

Fig. 4 Surface morphology of
composite coatings prepared
with different dosages of silane
coupling agents. a 0.1%,
b 0.2%, c 0.3%, d 0.4%, e 0.5%

Fig. 5 EDS spectrum and content of each element
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3.3.2 Effect of silane coupling agent dosage on
hydrophobicity of coating

The comparison of static water contact angles between bare
glass and glass with an organic-inorganic hybrid coating
was showed in Fig. 9. The contact angles of (a)–(f) were
33.6°, 95.3°, 108.1°, 112.8°, 113.1°, and 119.7°. It could be
seen that the surface property of the bare glass was
hydrophilic. With the increase of the amount of silane
coupling agent, the hydrophobicity of the glass was
increased. When the amount of silane coupling agent was
0.5%, the contact angle was close to 120°.

The comparison of water contact angles between bare glass
and composite coated glass was showed in Fig. 10. The water
contact angle of (a)–(f) were 33.6°, 103.3°, 115.1°, 124.4°,
136.0°, 140.2°. The hydrophobic properties of the glass were
further improved by the composite coating on the surface of
the existing rough structure. When the dosage of silane cou-
pling agent was 0.5%, the contact angle had reached 140°. On
the one hand, it was due to the reduction of hydrophilic
hydroxyl group. On the other hand, it was due to the strong
hydrophobicity of perfluoropolyethers with long chain and low
surface energy.

Combined with the analysis of the effect of silane coupling
agent on the transparency of the coating in 3.3.1, it could be
seen that the experimental results were in line with the theory

that transparency and roughness were competitive. The lower
the transparency was, the rougher the surface structure and the
better the hydrophobic property were. When the transparency
requirement was high, it was more appropriate to choose 0.1%
and 0.2% of silane coupling agent. When the hydrophobic
performance was required, the addition amount of silane
coupling agent were 0.3% or 0.4%. Although the hydrophobic
performance of the glass was the best when the amount of
silane coupling agent was 0.5%, its light transmittance was too
low and it didn’t have good application value on the glass
surface. Considering the balance of transparency and hydro-
phobicity, the best application value could be achieved when
the amount of silane coupling agent was 0.3%. The modified
silane sol silane coupling agent was 0.3% in the samples
prepared by a series of performance tests on the coated glass.

3.4 Adhesion performance test results and analysis

The grating knife test on the glass sprayed with composite
coating used to detect the binding force between the glass
surface film and the glass substrate was showed in Fig. 11.
A few of the 100 grids had film layer shedding in Fig. 11a.
Figure 11b was found that the film layer was obviously
peeled off at the cut edge of the grid of this part.
According to the test grading table, the adhesive force
grade was 1~2. The adhesive force between the coating

Fig. 7 Comparison of light transmittance between bare glass and coated glass (daytime lighting conditions): a was bare glass, and b–f were coated
glasses. The dosage of silane coupling agent were (b) 0.1%, (c) 0.2%, (d) 0.3%, (e) 0.4%, and (f) 0.5%

Fig. 6 Transparency of bare
glass (a) and coated glass (night
lighting condition): silane
coupling agent added: b 0.1%,
c 0.2%, d 0.3%, e 0.4%, f 0.5%
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and the glass substrate was good, and it had a good
application prospect.

3.5 Oil pollution prevention performance test
results and analysis

The oil-based pen left a continuous and uniform trace on
the surface of the bare glass, and the writing effect was
similar to writing on paper. However, it was difficult to
write on the coated glass surface with an oil-based pen,
and the ink droplets were discontinuous agglomeration in
Fig. 12a. When wiping with a dry paper towel, the
handwriting on the surface of the bare glass couldn’t be
erased, while the ink stains on the coated glass could
obviously be erased in Fig. 12b.

3.6 Self-cleaning performance of the surface

After water droplets flowed down the glass surface into
strands, they couldn’t carry away the quartz sand. The
quartz sand was still remained on the surface after com-
pletely washed in Fig. 13a–c. The quartz sand could be
completely coated and took away by the water droplets
without any residue on the surface in Fig. 13d–f. Figure 13g
showed the SA of the composite coating.

With the increase of the proportion of silane coupling
agent dosage, the SA of the composite coating was
decreased. It could be seen that the coated glass had good
self-cleaning performance and could be widely used in
many scenarios.

3.7 Wear resistance test results and analysis

The situation of the glass surface after reciprocating fric-
tion on the coated glass was showed in Fig. 14. The
reciprocating friction times were 50 times, 100 times, 300
times, and 500 times from top to bottom. The corre-
sponding static water contact angles were 120.9°, 117.6°,
109.3°, and 96.9° respectively. When the number of
reciprocating friction was 50 times, the surface film was
felt off, and the contact angle was decreased from 124.4°
to 120.9°. After the number of reciprocating friction
reached 500 times, the film layer was felt off seriously, the
contact angle was dropped to 96.9°, and there was still a
certain hydrophobic property.

3.8 Acid and alkali resistance results and analysis

As shown in Fig. 15, the slide coated with composite layer
was immersed in an acid or alkali solution for a total 15 h,

Fig. 10 Comparison of static water contact angle between bare glass
and sprayed composite coated glass: a was bare glass, and the rest
were coated glass, in which the dosage of silane coupling agent were
successively: b 0.1%, c 0.2%, d 0.3%, e 0.4%, f 0.5%

Fig. 8 Comparison chart of UV-Vis of different silane coupling agent
dosages

Fig. 9 Comparison of static water contact angle between bare glass
and sprayed modified silica sol glass: a was bare glass, and the rest
were coated glass, in which the dosage of silane coupling agent were
successively: b 0.1%, c 0.2%, d 0.3%, e 0.4%, f 0.5%
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and it was taken out every 3 h, then washed with deionized
water and dried. The contact and sliding angles were mea-
sured [38].

Under strong acid condition, the coating was not bro-
ken and the hydrophobicity was almost unchanged.

However, the hydrophobic property of the coated glass
was greatly reduced when the coating was destroyed under
strong alkaline conditions. It was concluded that the
composite coating was resistant to strong acid but not
strong alkali.

Fig. 11 Adhesion performance
test: a the grating knife test, b an
enlarged picture of the part of
the film layer apparently falling
off in the upper left corner of a

Fig. 12 Oil resistance test of
bare glass and coated glass:
a the result of writing on the
surface of bare glass and coated
glass with a common black
marker and letting it dry for 30 s,
b the result of wiping it with a
dry paper towel for five times

Fig. 13 Comparison of surface self-cleaning performance of bare glass and coated glass: a–c the bare glass surface, d–f the coated glass surface.
g The SA of the composite coating
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4 Conclusions

In this paper, the silica sol was prepared by sol-gel method.
Then the silica sol was functionally modified by silane
coupling agent, and water-based silicone resin was added to
obtain the modified silica sol with good dispersion and
stability. After spraying on the glass surface, an organic-
inorganic nanocomposite rough structure was constructed.
Further spraying of nano-fluorocarbon polymer was
equivalent to using low surface energy material per-
fluoropolyl polymer for surface modification, and then
spraying on the glass to obtain a chemically bonded com-
posite coating. The increase in the amount of silane cou-
pling agent led to a decrease in the transparency of the
coating when the amount of silane coupling agent was
0.1%, the transparency of coated glass was almost the same
as that of bare glass. When the amounts were 0.2%, 0.3%,
0.4%, the transparency of the coated glass decreased
obviously. When the amount was 0.5%, the transparency of

the coated glass was very poor. The test results showed that
the coating had good adhesion, good self-cleaning effect,
wear resistance, acid resistance but poor alkali resistance.
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Fig. 14 Friction resistance test
of coated glass and
corresponding water contact
angle: a 50 times, b 100 times,
c 300 times, d 500 times

Fig. 15 The water contact and sliding angles of composite coatings after immersion treatment in (a) 0.01M HCl and (b) 0.1 M NaOH solutions
for 15 h
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