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ABSTRACT: Hydrophobic coatings have considerable potential applications in
many fields. Ease of operation and high durability are essential for practical use. Fast
curing and being solvent-free are a plus, and if they possess certain characteristics
(antigraffiti, good adhesion, high hardness, heat resistance, wide range of
applicability, etc.) at the same time, it is a dream solution. Herein, a facile one-
step approach with the above features was reported for a UV curable robust
hydrophobic coating based on Epoxy Polyhedral Oligomeric Silsesquioxanes (EP-
POSSs). The structure and surface morphology of these EP-POSSs and their
derivatives were systematically studied. Because of the core-in-cage structure which
was constructed by repeating units of R-Si(O1/2)3 and the strong covalent bonds of
Si−C and Si−O, the coatings displayed high pencil hardness (6−8H), high thermal
stability with initial decomposition temperature around 350−400 °C, and a high
water contact angle (up to 108.06°) even after outdoor exposure for a month. These
POSSs and their derivatives are expected to find uses in various applications such as stain resistance, self-cleaning, scratch resistance,
and cigarette moxibustion resistance of wood furniture, kitchenware, and medical and industrial appliances.

1. INTRODUCTION

Hydrophobic materials can prevent moisture and dust for
electronic components, prevent drug pollution or residue for
medical devices, prevent pollution and self-cleaning for surface
coatings, etc. Due to the tremendous potential of water-
repellent applications in different fields, hydrophobic materials
have attained intensive attention.1,2 Hydrophobicity is
represented by water contact angle. In materials science,
surface tension and Gibbs free energy are different expressions
of physical parameters of the same value and the same
dimension. The contact angle is the tangent of the drop profile
at the triple point (three-phase contact point) where the
liquid−gas interface meets the solid−liquid interface, and it
provides an inverse measure of wettability. The hydrophobicity
of a solid surface is mainly determined by Gibbs free energy of
the solid surface when the chemical composition of the liquid
and gas phases is fixed. And the Gibbs free energy of a solid
surface mainly depends on inherent properties of solid
materials and their surface microstructures. Therefore, it can
be simply considered that hydrophobicity mainly depends on
the inherent characteristics of the material and molding
process.
The “lotus effect” theory3 was put forward by Barthlott and

Neinhuis in 1997. Inspired by the “lotus effect”, scientists
found that a surface structure constructed by hierarchical
micro-nanostructures can greatly reduce the area of the solid−
liquid interface and surface tension, which improves the surface

hydrophobicity of solid materials.4,5 There are many methods
to construct hierarchical micro-nanostructures,6 such as
physical or chemical deposition,7 electrochemical methods,
electrospinning, etc. Currently, most hydrophobic coating
materials are fabricated through imitated plant or animal
hierarchical micro-nanostructures8−13 or created artificial
hierarchical micro-nanostructure surfaces via multistep proce-
dures.14−22 The hierarchical micro-nanostructure is easily
destroyed by slight external forces due to insufficient strength.
Thus, it is difficult to achieve the expected purpose of durable
hydrophobicity.23,24 Therefore, it is urgent to find a material
with low surface Gibbs free energy and high mechanochemical
strength. The common strategy is inducing self-healing groups
into a formula system to maintain its hierarchical micro-
nanostructure as much as possible25,26 or building a micro-
structure to improve its mechanochemical strength.27,28

However, these methods may induce poor overall performance
due to dispersion problems, body strength, and so on.
Therefore, it is necessary to seek answers in the field of low
surface Gibbs free energy materials; there are several ways to
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induce long-chain alkyl and fluoroalkyl groups into the
polymers or particle fillers and modify them at the molecular
level.29,30

Considering Gibbs free energy and mechanochemical
strength, organic coating materials are suitable for preparing
hydrophobic coatings, for instance silicone, polyurethane,
epoxy, acrylate, etc. However, it is difficult for tranditional
organic coating materials to adapt to the increasingly stringent
environmental protection emission regulations and the
requirements of high-turnover production lines as a result of
using organic solvents, slow curing, high energy consumption
during the curing process, or poor thermal stability above
150−200 °C. The differences between traditional commercial
hydrophobic coatings and this work (UV cured) were shown
in Table 1. Polyhedral Oligomeric Silsesquioxanes (POSSs), a

type of intramolecular organic−inorganic hybrid material with
low surface Gibbs energy and excellent mechanochemical
strength,31,32 are suitable for preparing nanolevel hybrid
materials.33 In addition, one of the advantages is that POSSs
can be designed for UV curing, which could greatly expand its
application value. According to previous literature,34−37 Epoxy
Polyhedral Oligomeric Silsesquioxanes (EP-POSSs), in Figure
1 below, show an excellent mechanochemical improvement
effect on coating materials.
In this work, we built a robust, durable hydrophobic coating

with functional EP-POSSs and their derivatives containing
long-chain alkyl groups and/or fluoroalkyl groups, function-
alized surface-modified nanoparticles, cation photoinitiators,
and suitable organic solvents as building blocks. These series of

functional EP-POSSs and their derivatives were synthesized by
a sol−gel method through hydrolysis and a polycondensation
process of specified silanes with epoxy groups, nanoparticles
prepared by several methods, the first was from the mixture of
tetraethyl orthosilicate (TEOS) and specific epoxysilane
through core−shell copolymerization by sol−gel method; the
second was modifying the surface of micro- or nanofillers with
specific silane or other treatment agents. The selected fillers
included fumed silica, colloidal silica, etc. As illustrated in
Figure 2, the robust durable hydrophobic coating, which is
based on EP-POSSs, derivatives, micro- or nanofillers, cationic
photoinitiators, and other substances, was selected through
experimental design, formulated into a liquid, coated on PET,
and completely cured, and other processes studied the
relationship among hydrophobicity, hardness, strength, abra-
sion resistance, etc.
The series of UV-curable coatings based on EP-POSSs are

described in this article. The advantages are being solvent-free;
being completely cured in a few seconds; having good
adhesion on varieties of substrates, such as glass, wood, plastic,
and metal; and having high pencil hardness and considerable
scratch resistance, temperature resistance, and excellent aging
properties, etc. The series of POSSs and their derivatives have
a wide range of application prospects in industrial coatings.

2. EXPERIMENTAL SECTION

Ikada38 commented that there were two methods for surface
modification: one was the graft coupling method; the other
was the graft polymerization method. There were three ways of
creating silica-based nanofillers in this paper. The first was
surface modified solid nanoparticles39 (fumed silica, AEROSIL
200) via functional silane; the second was nanoparticles
generated by core−shell copolymerization from colloidal silica
(Grace LUDOX AM) and functional silane;40−42 the third was
nanoparticles and/or their graft copolymers generated by the
sol−gel process of tetraethyl orthosilicate43 (TEOS) and
functional silane.44 Six basic polymers (303-POSS, 3F-303-
polymer, C8-303-polymer, 402-polymer, 3F-402-polymer, and
C8-402-polymer) were synthesized through a sol−gel method,
and the derivative (amino-PDMS)-(303-POSS) polymer was
synthesized by an epoxy ring-opening reaction with amino
groups. The three kinds of nanofillers (3F-SiO2, 3F-AM, and
C8-AM; 10%-303-TEOS and 30%-303-TEOS; and 50%-303-
TEOS) were separately prepared by different surface treatment
processes.
The coating formula consisted of the above compounds

mixed in preset proportions, cured by cationic photoinitiators
for subsequent tests.

Table 1. Comparison between This Work and Traditional
Commercial Coatings

traditional commercial hydrophobic
coatings

item
moisture
cured

heat
cured

UV
cureda

this work (UV
cured)

pencil hardness (H) 2−6 2−6 3−4 >7−8
cure time several

days
several
hours

few
seconds

few seconds

decomposition
(°C)

250−350
°C

250−350
°C

300−350
°C

350−400 °C

adhesion PET 2−5 1−4 5, or fail 0−1
ABS,
PC

1−4 0−3 2−3 0−1

metal 1−3 0−3 5, or fail 1−2
glass 2−5 2−4 5, or fail 1−2

aThe formula of the UV cured coating can be seen in formula b of
Table S2 in the Supporting Information.

Figure 1. POSSs of cages with different numbers and represented by T8R8 marked red.
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Detailed experimental processes, characterizations, and other
experimental procedures are presented in the section S1 of the
Supporting Information.

3. RESULTS AND DISCUSSION

A series of UV curable organosilicon polymers (303-POSS, 3F-
303-polymer, C8-303-polymer, 402-polymer, 3F-402-polymer,
and C8-402-polymer) were synthesized by a sol−gel method;

it is believed that these polymers were POSSs and/or their
derivatives from the results of GPC, IR, 1H NMR, and Si NMR
characterizations. The polymers were subsequently used
without further purification.
303-POSS, 3F-303-polymer, and C8-303-polymer had a high

pencil hardness for high cross-linking density but lacked
flexibility which is caused by the rigidity of the core-in-cage
structure and high cross-linking density. So, a series of

Figure 2. Chemical reaction involved in this robust hydrophobic coating.

Figure 3. ATR-FTIR, 1H NMR, and Si NMR of 303-POSS and their derivatives. (a) The ATR-FTIR spectrum of 303-POSS. (b) The ATR-FTIR
spectrum of 3F-303-Polymer (blue) and C8-303-Polymer (black). (c) The Si NMR spectrum of 303-POSS. (d) The 1H NMR spectrum of 303-
POSS.
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polymers with the same or similar epoxy functional groups and
several chain segments was prepared; they were 402-polymer,
3F-402-polymer, C8−402-polymer, and (amino-PDMS)-(303-
POSS) polymer, as described in the experimental section,
Supporting Information section S1. As expected, they all had
flexible chain segments and functional groups dispersed. In
addition, to balance the relationship between flexibility and
hardness, a series of surface-modified nanofillers was prepared.
In this paper, an easy-to-operate, fast curing, and environ-

mentally friendly UV curable coating was prepared. With
properties of good adhesion (0−2 grade, X-cut, cross-cut) on

plastics, glass, metal, and other substrates; high hardness
(pencil hardness of 6−8H); excellent hydrophobic properties
(contact angle of 108.06°); durability; and good heat
resistance (the initial decomposition temperature was up to
350−400 °C), it is believed that the UV curable robust
hydrophobic coating based on EP-POSSs described in this
article is better than the traditional commercial UV curable
coating.

3.1. Structure Characterization of Experimental
Samples. The ATR-FTIR and Si NMR spectra of 303-
POSS and the ATR-FTIR of 3F-303-Polymer and C8−303-

Figure 4. ATR-FTIR, 1H NMR, and Si NMR of 402-polymer and its derivatives. (a) The ATR-FTIR spectrum of KBE-402 silane, 402-polymer,
3F-402-polymer, C8-402-polymer. (b) The Si NMR spectrum of 402-polymer. (c) The 1H NMR spectrum of 402-polymer.

Figure 5. ATR-FTIR of nanoparticles and (amino-PDMS)-(303-POSS) polymer. (a) The ATR-FTIR spectrum of 50%-303-TEOS polymer, C8-
AM, 3F-AM, and 3F-SiO2. (b) The ATR-FTIR spectrum of 303-POSS, amino-PDMS, and the (amino-PDMS)-(303-POSS) polymer.
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Polymer are shown in Figure 3. As shown in Figure 3a, the
peaks at 821 cm−1, 885 cm−1, 1086 cm−1, 1450 cm−1, and 2925
cm−1 are the Si−C stretching vibration, epoxy group stretching
vibration, Si−O−Si stretching vibration, C−O stretching
vibration, and C−H stretching vibration, respectively. The
cage-like Si−O−Si opposition stretching vibration is observed
at 1194 cm−1. In addition, the wavenumber ranging from 3200
to 3500 cm−1 disappeared, which represents an alcoholic
hydroxyl group stretching vibration, indicating that the KBM-
303 was consumed completely. The ATR-FTIR spectrum of
3F-303-Polymer (blue) and C8-303-Polymer (black) are
shown in Figure 3(b). The peaks at 896 and 898 cm−1 are
the epoxy group; those at 1202 cm−1 and 2800−3000 cm−1 are
C−F and (−CH2−) stretching vibrations, respectively. In
Figure 3c, the chemical shift showed a sharp peak at −70.4
ppm indicating the main target product was a core-in-cage
structure. And the chemical structure of 303-POSS was also
confirmed by the 1H NMR spectrum (CDCl3): δ (ppm) 0.35−
0.56 (s, 2H, −Si-CH2−), 0.95−1.07 (s, 1H, −CH2−CH−
CH2−), 1.87−2.05 (m, 2H, −CH2−CH2−CH−), 1.08−1.22
(m, 2H, −CH2−CH2−CH2−), 1.86−2.16 (m, 2H, −CH−
CH2−CH2−), 3.01−3.16 (s, 1H, −O−CH2−CH2−), 7.25 (s,
CDCl3), the spectra of which can be seen in Figure 3d.
The ATR-FTIR spectra of 402-Polymer (green), 3F-402-

Polymer (pink), C8-402-Polymer (blue), and KBE-402 silane
(black) are shown in Figure 4a. And the peaks at 945 cm−1,
1207 cm−1, and 2800−3000 cm−1 are the epoxy group and C−
F and −CH2− stretching vibrations, respectively. In Figure 4b,
the Si NMR spectrum of 402-Polymer exhibits several sharp
peaks at chemical shift peaks of −4.3, −8.7, −12.3, and −21.9
ppm, indicating that the Si element possessed several chemical
environments. The 1H NMR spectrum of 402-Polymer
(CDCl3): δ (ppm) 0.36−0.6 (m, 2H, −Si-CH2−), 1.45−1.72
(m, 2H, −CH2−CH2−CH2−), 2.42−2.58 (s, 2H, −O−CH2−
CH2−), 3.0−3.08 (s, 1H, −CH2−CH2−O), 3.18−3.31 (m,
2H, −CH2−CH2−O−), 3.54−3.73 (m, 2H, −O−CH2−CH−
O−), which are shown in Figure 4c. According to the the Si
NMR and 1H NMR spectra, 402-Polymer was a composite
that consisted of different lengths of siloxane chain segments.
The chemical structure of surface-modified nanoparticles

and the (amino-PDMS)-(303-POSS) polymer were also
measured by ATR-FTIR. The ATR-FTIR spectrum of 50%-
303-TEOS (green), C8-AM (pink), 3F-AM (blue), and 3F-
SiO2 (black) is seen in Figure 5a. The peaks around 1231 and
807 cm−1 are attributed by C−F group vibration and C−O−C
group vibration, respectively.
The ATR-FTIR spectra of the (amino-PDMS)-(303-POSS)

polymer (pink), 303-POSS (orange), and amino-PDMS(red)
are shown in Figure 5b. In the ATR-FTIR spectrum of amino-
PDMS, the peaks around 2800−2900 cm−1 are attributed to
−NH2 group vibration; the peak of −NH2 group vibration
disappeared in the ATR-FTIR spectrum of the (amino-
PDMS)-(303-POSS) polymer for the −NH2 in amino-PDMS
reacted with the epoxy groups in 303-POSS.
3.2. The Differences of Parameters of Synthetic

Polymers. The data of GPC, IR, 1H NMR, and Si NMR
showed that the 303-POSS may be a T8R8 or T10R10 core-in-
cage structure. Since the standard bond angle45 of O−Si−O of
T8H8 is 108°18′ and T8Vi8 is 110°48′, which are close to the
standard bond angle of tetra-substituted silicon of 109°28′,
trisilanol intermediates tend to form a T8R8 structure in the
polycondensation process. However, the IR spectrum showed
an obvious peak of the silica hydroxyl group around 3400

cm−1. The NMR spectrum showed large deviations, and the
GPC data showed that the molecular weight of 303-POSS was
1472 (molecular weight of standard structure T8R8 is 1418.20,
T10R10 is 1772.75). The deviations of GPC, IR, and NMR
data were first attributed to the difference between the
synthesized product and standard structure; the synthesized
product was a mixture of similar structures not separated and
purified by column chromatography. Second, they were
attributed to measurement error and the accuracy of the
instrument.
The polycondensation process of 402-polymer was similar. It

tends to form a polymer with a long-chain and/or cyclic
structure in the polycondensation process because disilanol
intermediates can only polymerize by a chain-growth
mechanism. So, 402-polymer is a compound with 12 siloxane
chains, in theory, according to the molecular weight of 2443.
The length of the chain depends on many factors, such as
temperature, time, and the pH value of the system of
polycondensation processes etc. The PDI of 402-polymer
(PDI = 1.284) was significantly higher than 303-POSS (PDI =
1.014) for less selectivity of disilanol intermediates and high
cage-forming selectivity of trisilanol intermediates.
The molecular weight and PDI of 50%-303-TEOS (Mn =

3028, Mw = 4208, PDI = 1.390) polymer were significantly
higher than those of 303-POSS (Mn = 1472, Mw = 1493, PDI =
1.014). Because 50%-303-TEOS is a homogeneous poly-
condensation process of trisilanol intermediates, the poly-
condensation of trisilanol intermediates was affected by tetra-
silanol intermediates and underwent random core−shell
copolymerization with tetra-silanol intermediates in the 50%-
303-TEOS polymer polycondensation process.

3.3. The Balance among Hardness, Hydrophobicity,
Durability, and Flexibility. The surface-modified fumed
silica (3F-SiO2), modified nanoparticles (3F-AM and C8-AM),
and the 50%-303-TEOS polymer have good compatibility with
303-POSS for the same −Si-O− chain segment and nanoscale
size. A coating formula with the same equivalent of fillers,
meaning the same number of moles of Si(O1/2)4, was
considered as equivalent silica, and it did not matter if it was
from fumed silica AEROSIL 200, Grace LUDOX AM, or
tetraethyl orthosilicate. Compared with three kinds of
nanofillers, 3F-SiO2 had the largest thickening effect and
poorest reinforcing effect, followed by 3F-AM, and 50%-303-
TEOS polymer had the best effect. 50%-303-TEOS is
commendable for its high fill ratio; for example, even the
dosage was 50%. The percentage of Si(O1/2)4 (equivalent
silica) in the coating formula system was 12.6%. The formula
system was still fluid. A formula system with the other two
fillers at this ratio showed extremely high viscosity. It seems
that the 50%-303-TEOS polymer constructed by an intra-
molecular hybrid structure had better compatibility with the
coating formula system and can play a better role than 3F-
SiO2, 3F-AM, and C8-AM.
The high cross-linking density of 303-POSS leads to a too

high hardness, ease of cracking, etc. The importance of 402-
Polymer, 3F-402 polymer, and the (amino-PDMS)-(303-
POSS) polymer comes into play at this time. Due to a long-
chain or ring structure with a UV curable group at each
siloxane chain segment, 402-polymer and the 3F-402 polymer
have excellent flexibility and less cross-linking density. The
structure of the (amino-PDMS)-(303-POSS) polymer is
amazing because the middle part is flexible siloxane chain
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segments of customized length and seven reactive groups
gathered at both ends of the chain.
By adjusting the proportions of the materials above, we

obtained a coating with both central cross-linking and certain
flexible linking, which significantly improved the flexibility of
the coating without greatly reducing the hardness and strength.
303-POSS has excellent adhesion on varieties of substrates

and an approximately 6−8H pencil hardness and contact angle
of 88.70°. 303-POSS and derivatives can be cured in a few
seconds. Figure 6 shows the relationship between the

properties and curing time of the hydrophobic coatings
described in this paper. The hardness and adhesion increase
with the curing process, until completely cured.

3.4. Adhesion of the Series of Robust Durable
Hydrophobic Coatings. Figure 7a shows the image of
glass coated with a robust hydrophobic coating (left) and
without coating (right). It can be seen that glass coated with
the coating showed better hydrophobic ability than that
without coating. In addition, the adhesion was investigated via
cross-cut and X-cut on the surface of polycarbonate (PC) and

Figure 6. Effect of UV irradiation time to pencil hardness and adhesion properties.

Figure 7. Apparent properties of hydrophobic coatings. (a) Image of glasses coated by a durable hydrophobic hard coating (left) and without
coating (right). (b) Images of PC and ABS coated by a durable hydrophobic coating, and then cut into cross-cut (up) and X-cut (down). (c) Image
of wiping ink stains by dry tissue.
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ABS, which was coated with the coating as shown in Figure 7b.
The robust durable hydrophobic coating coated on the surface
of PC and ABS underwent cross-cut and X-cut, then bonding
and peeling by adhesive tape. The coating coated on PC and
ABS had good adhesion of about level 0 or 1. Moreover, it still
had adhesion of level 0 or 1 on surfaces such as PET and metal.
As a contrast, the traditional UV coating based on PUA and
EA has a poor adhesion of level 3 to 5, and it completely
detached from the PET and metal surface.
Adhesion measured by cross-cut and X-cut shown in Figure

7b was followed ASTM D3359-17, the Standard Test Method
for Rating Adhesion by Tape Test.
To test the anti-ink ability of a robust, durable hydrophobic

coating, as shown in Figure 7c, the robust, durable hydro-
phobic coating and traditional UV coating based on PUA and
EA resin were coated on the surface of glass and PCB, marked
with a marking pen. The ink stain could be wiped off from the
surface of the robust, durable hydrophobic coating but
remained on the surface of the traditional UV coating based

on PUA and EA resin, which showed that the robust durable
hydrophobic coating had a strong antigraffiti function. An
experimental process video can be seen in the Supporting
Information.

3.5. Water Contact Angle of Robust, Durable Hydro-
phobic Coatings. The contact angle is important in
measuring hydrophobicity. We can see the contact angles of
a series of UV coatings in Figure 8 and Figure 9. The contact
angles of various traditional acrylic coatings range from 40° to
70° and generally do not exceed 75°. As illustrated by the
contact angles of the three acrylic paints of formulas a, b, and c,
hydrophobicity might relate to the cross-linking density. The
cured film of UV coatings based on EP-POSS has contact
angles of 80−90°, for example, 88.70° for the UV coating
based on 303-POSS. Groups such as long-chain alkyl or
fluoroalkyl can enhance the hydrophobicity; for example, the
contact angles of 98.54° and 91.29° were separately obtained
by cured 3F-303-polymer and C8-303-polymer alone in our
experiments.

Figure 8. Contact angles of different coatings. (a) Image of the contact angle (47.06°) of the traditional UV coating based on acrylate resin. (b)
Image of the contact angle (60.88°) of the traditional UV coating based on a mixture of 2f PUA and EA. (c) Image of the contact angle (75.67°) of
the traditional UV coating based on 6f and 9f PUA. (d) Image of the contact angle (88.70°) of the UV coating based on 303-POSS. (e) Image of
the contact angle (98.54°) of the UV coating based on 3F-303-polymer. (f) Image of the contact angle (91.29°) of the UV coating based on C8−
303-polymer. (g) Image of the contact angle (108.06°) of the robust hydrophobic coating. (h) Image of the contact angle (102.77°) of the robust
hydrophobic coating after being exposed outdoors for a month.
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The dosage of 3F-402-polymer, 3F-303-polymer, C8-402-
polymer, and C8-303-polymer should not exceed 10−20% for
excessive dosage, leading to performance degradation, and the
overall performance drops sharply while over 20−30%,
manifesting longer times for curing, sticky surfaces, whitening
of the cured film, and decreased hardness and adhesion.
Detailed experimental processes of formulas a, b, and c can

be seen in the Supporting Information S2.

3.6. The Surface Morphology of Hydrophobic Coat-

ing. To investigate what the hydrophobic characterization

comes from, the morphology of hydrophobic coatings was

analyzed by Scanning Electron Microscopy (SEM) and Atomic

Force Microscopy (AFM). The results of SEM (100 μm, 10

μm, 1 μm) are shown in Figure 10, and the results of AFM are

shown in Figure 11.

Figure 9. Statistics chart of different commercial coatings and the hydrophobic coating in this work.

Figure 10. SEM images of robust hydrophobic coating. (a) SEM at magnification ×150 (100 μm). (b) SEM at magnification ×2500 (10 μm). (c)
SEM at magnification ×20 000 (1 μm).
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As shown in Figure 10, it is hard to demonstrate the
microstructure even with a magnification of ×20000 (1 μm)
because it is almost impossible to distinguish the surface states.
It seems that SEM is not a proper method, so we used AFM
morphology scanning to study the surface roughness. As
shown in Figure 11, in AFM images of a UV curable
commercial coating based on PUA and EA (a) with Rq =
955.619 pm and Ra = 725.289 pm and an AFM image of a UV
curable robust hydrophobic coating (b) with Rq = 2.708 nm
and Ra = 1.823 nm, no hierarchical micro-nanostructure can be
observed. Both roughness values of hydrophobic coating were
higher than that of the commercial coating as reference
samples. The Ra and Rq over the scanning range increased
significantly and demonstrated the formation of an isolated
island due to adding polymers containing hydrophobic groups
(fluoroalkyl or long-chain alkyl) and nanoparticles. The results
of SEM and AFM proved that the hydrophobicity of this UV
curable, robust, hydrophobic coating depends on slight
nanoscale roughness and low surface Gibbs free energy instead
of hierarchical micro-nanostructure. The textured surface with
slight nanoscale roughness could be easily obtained by a facile
one-step approach, owing to the surface segregation of the
fluoroalkyl polymer.
The formula of a UV curable commercial coating based on

PUA and EA can be seen in formula b of Table S2 in the
Supporting Information.
3.7. Thermal Stability of the Series of Robust,

Hydrophobic Coatings. Considering that higher thermal
stability can expand the practical application, TGA was
employed to illustrate thermal stability. Compared with two
samples of traditional UV coating based on PUA and EA and
hydrophobic UV coating based on EP-POSS without inorganic
fillers, the TGA test results were shown in Figure 12. The
initial decomposition temperature of a traditional UV coating
based on PUA and EA was around 388 °C; 16.7% remained at
600 °C, and it completely carbonized at 650 °C for the residue
morphology after the test. But the data of the robust
hydrophobic coating nearly reached 427 °C, and 38.3%
remained at 600 °C and maintained a certain skeleton
structure at 650 °C for the residue morphology after the test.
The robust hydrophobic coatings were mainly composed of

303-POSS and their derivatives. The series of organic−
inorganic intramolecular hybrid materials with a core-in-cage
structure was constructed by repeating units R-Si(O1/2)3, and
the rigidity of the core-in-cage structure derived from the

stability of the strong covalent bonds of Si−C and Si−O can
highly improve the thermal performance of materials.

4. CONCLUSIONS
The results showed that the series of EP-POSSs and their
derivatives were successfully prepared through a sol−gel
method. The structures of these polymers were determined
by GPC, ATR-IR, 1H NMR, and Si NMR and other chemical
tests. The results of 1H NMR and Si NMR showed that the
products were not a compound with a single structure but a
mixture of a series of similar substances. Performance test
results showed that the pencil hardness of this UV curable
robust hydrophobic coating was 6−8H; contact angles were
108.06° and changed to 102.77° after being exposed outdoors
for a month. The surface morphology checked by SEM and
AFM with a textured surface with slight nanoscale roughness
proved that the hydrophobicity depended on slight nanoscale
roughness and low surface Gibbs free energy instead of a
hierarchical micro-nanostructure. Thermal analyses of TGA
found that thermal stability was up to 400 °C. Since this series
of UV curable robust durable hydrophobic coatings based on

Figure 11. (a) AFM images of UV curable commercial coating based on PUA and EA. (b) AFM image of UV curable, robust, hydrophobic coating.

Figure 12. TGA of UV curable commercial coating and UV curable
robust hydrophobic coating. TGA of the reference sample of a
traditional UV coating based on PUA and EA without inorganic fillers
(black) can be seen in formula b of Table S2 in the Supporting
Information. TGA of mechanochemical robust hydrophobic durable
coating without inorganic fillers is in red.
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EP-POSSs and their derivatives exhibited so many excellent
properties, it is conceivable that POSSs can show new ideas for
the coating industry.
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