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Abstract

A superhydrophobic paper with excellent robustness was fabricated by roll coating with modified nano-TiO,. First, nano-TiO,
particles were hydrophobically modified by y-aminopropyltriethoxysilane and 1H, 1H, 2H, 2H-perfluorooctyltriethoxysilane
(POTS). Then the paper coating composed of modified nano-TiO, particles as pigments and epoxy resin (EP) as adhesives
was coated on a paper surface to create the desired surface morphology and surface energy. Compared with the uncoated filter
paper, the prepared paper showed an improved rough surface morphology owing to the uniform layer of TiO, microclusters
deposited on the fiber network. The superhydrophobic paper exhibited water contact angles (WCA) about 153° +1.5°, and
water sliding angles (WSA) about 3.5° +0.5°, low surface adhesion and excellent bounce ability. The superhydrophobic paper
can withstand a variety of wear and tear, such as tape stripping and knife scraping. The as-prepared superhydrophobic paper
showed mechanical durability even after 20 wear cycles with sandpaper,thus sustaining excellent superhydrophobicity on the
filter paper surface. Moreover, it remains fully functional even in environments with high concentrations of acid and alkali
for 96 h. The superhydrophobicity was not affected after storage for 6 months in a natural environment. It was confirmed that
the superhydrophobic paper surface exhibited excellent chemical stability, long-term stability and self-cleaning properties.
The entire production process was operated under normal environment, without complex equipment; and, as such, has the
possibility for large-scale production and application in industry.
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Introduction

The wetting property is a significant characteristic of solid
surfaces and has an important impact on solving problems
related to the health, environment, energy, transportation and
biomedicine (Wen et al. 2017). When the water droplets are
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on the solid surface, a contact angle can be measured at the
edge of the water droplets, which is used to characterize the
wettability of the water droplets (Celia et al. 2013). When
the water contact angle (WCA) of the surface is more than
150° and the water sliding angle (WSA) is less than 10°, it
is called superhydrophobic surface. Superhydrophobicity,
as an extreme state of surface wettability, has attracted wide
attention in the fields of anti-icing (Yang et al. 2020), drag
reduction (Luo et al. 2020), anti-corrosion (Ren et al. 2020),
selective absorption (Zhang et al. 2019a), self-cleaning (Xu
et al. 2019) and so forth.

According to the theoretical equation of solid surface
wettability and Wenzel and Cassie-Baxter models, a rough
structure and low surface energy are prerequisites to pro-
duce superhydrophobic surfaces (Li et al. 2007). The high
contact angle and micro-roughness ensure a small interface
area, which reduces low adhesion. Up to now, researchers
have employed a variety of physical or chemical methods
including dip coating (Nguyen-Trig et al. 2019), template
synthesis (Xu et al. 2020), laser ablation (Yang et al. 2019),
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sol-gel methods (Jiang et al. 2019), electrochemical deposi-
tion (Akbari et al. 2020), etc., to construct superhydrophobic
surfaces on rigid substrates like metal, glass, silicon and so
on.

Because of its biodegradability, renewability, wide avail-
ability, low-cost and easy modification of cellulose fibers,
the paper has been considered an attractive material and can
be used for more technical and professional uses (Li et al.
2017; Sousa and Mano 2013). However, the hygroscopic-
ity and high moisture content of cellulose fibers resulting
in poor physical properties of paper materials (Wang et al.
2019b). Since cellulose is the primary raw material for form-
ing paper, it is easily destroyed by various methods including
chemical, physical, and biological impact (Li et al. 2017),
so many of the above manufacturing methods (Akbari et al.
2020; Jiang et al. 2019; Xu et al. 2020; Yang et al. 2019)
cannot be used for fabrication of superhydrophobic paper. In
recent years, some researchers have used layer-by-layer self-
assembly technology (Li et al. 2017), the rapid expansion of
supercritical solution (RESS) (Olin et al. 2015), non-solvent
vapor method (Bai et al. 2018), etc. to construct superhy-
drophobic surfaces on paper substrates, but in many cases,
the limitations of surface compatibility, complex preparation
processes, high cost, and mass production limit the surface’s
real-world application. To promote the use of superhydro-
phobic paper in more fields, it is urgent to develop simple
manufacturing methods (Zhang et al. 2017).

Fortunately, the paper is inherently rough and porous on
a scale of a millimeter and micrometer, especially uncoated
paper-like filter paper (Li et al. 2019d; Ou et al. 2019).
According to the reported studies, some inorganic pigments
such as TiO,, ZnO, and Fe,0; have been introduced to paper
to create a dual sized roughness (Zhou et al. 2019). We used
TiO, as the superhydrophobic coating material owing to its
large surface area, high surface activity (Foorginezhad and
Zerafat 2019b), favorable physicochemical properties, non-
toxicity and excellent stability (Gong et al. 2020). If nano
titanium dioxide is modified by low surface energy sub-
stance such as perfluorosilane (Li et al. 2019d), then coated
on filter paper by roll coating, a superhydrophobic surface
on paper will be obtained theoretically. In terms of surface
energy, the order -CH,—>—-CH; >—-CF,->-CF,H >-CF;
guides superhydrophobic scientific research, especially with
fluorine-containing materials (Wang et al. 2015). Based on
this surface energy order, we used 1H, 1H, 2H, 2H-perfluo-
rooctyltriethoxysilane (POTS) as the superhydrophobic coat-
ing material. Compared with the research done by Lu et al.
(2015) and Li et al. (2018), we first modified the nano-TiO,
with y-aminopropyltriethoxysilane and then modified them
with low surface energy POTS. It not only improves the dis-
persion performance of nanoparticles in organic solvents but
also achieves good hydrophobicity and expands the appli-
cation of nanoparticles. In fact, roll coating using coatings
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composed of pigments and adhesives is the most commonly
used method to treat the paper surface in the paper industry,
with most coated paper produced by roll coating. Especially,
in roll coating process, the concentrations of inorganic pig-
ments are more than 15 wt%, significantly higher than other
coating methods such dip coating (Nguyen-Trig et al. 2019)
and spray coating (Zhou et al. 2019), which ensured sig-
nificant reduction of the amount of organic solvent. And
up to now, there are few reports about the preparation of
super-hydrophobic paper by the roll coating method. The
mechanical robustness of superhydrophobic surfaces is
also an extremely important issue for the widespread use of
superhydrophobic materials in practical applications because
most manufactured surface topography is easily damaged by
mechanical wear during the use of the materials (Bai et al.
2018; Verho et al. 2011). Ogihara et al. (2012) used nanopar-
ticles and silane to make superhydrophobic paper with early
dissemination of mechanical robustness studies. Torun and
Onses (2017) systematically investigated the robustness of
the coatings using different tests. According to our prelimi-
nary study, traditional adhesives of a paper coating such as
polyvinyl alcohol (PVA), starch and styrene-acrylic latex,
do not achieve the desired effects. We find that a promising
approach is using epoxy resin as an adhesive to optimize
bond performance between the functionalized nanoparticles
and paper surface.

In this study, we demonstrated a facile and practical
method to obtain superhydrophobic paper based on roll
coating with nano-TiO, hydrophobically modified with
y-aminopropyltriethoxysilane and POTS, as illustrated in
Scheme 1. Epoxy resin (EP) was used as a robust adhesive
to optimize bond performance between nano titanium diox-
ide and paper. The superhydrophobic paper with multilay-
ered micro/nano structure exhibited excellent hydrophobic
stability, good wear resistance, chemical stability, stability
and self-cleaning performance. It is expected that this novel
process will provide an efficient method for fabricating dura-
ble superhydrophobic paper.

Experimental section
Materials

Absolute ethanol was obtained from Tianjin Fengchuan
Chemical Reagent Science and Technology Co., Ltd.
y-aminopropyltriethoxysilane was obtained from Shang-
hai Yuanye Bio-Technology Co., Ltd. TiO, nanoparticles
(10-30 nm) was obtained from Beijing Deke Daojin Sci-
ence and Technology Co., Ltd. Filter paper (medium speed)
was obtained from Hangzhou Special Paper Co., Ltd.; POTS
was purchased from Shanghai D&B Biological Science
and Technology Co., Ltd.; epoxy resin was obtained from
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Tianjin Heowns Biochem Technologies Co., Ltd.; sodium
polyacrylate was obtained from Tianjin Solomon Biotech-
nology Co., Ltd.; and deionized water was obtained from
Tianjin Kaisibo Biological Technology Co., Ltd.

Preparation of superhydrophobic paper

0.3 g of y-aminopropyltriethoxysilane and 100 mL of deion-
ized water were mixed in a reaction vessel. After the prehy-
drolysis at 25 °C for 30 min with an ultrasonic dispersion
analyzer at 100 Hz, Then 100 mL of absolute ethanol and
20 g of titanium dioxide were mixed with the hydrolysate.
The system was then continuously stirred at 80 °C for 2 h to
allow the additives to fully react. The reaction product was
thoroughly centrifuged with ethanol and deionized water
using a centrifuge to separate y-aminopropyltriethoxysilane
and other substances remaining in the reaction and dried in
an oven at 80 °C for 5 h. The y-aminopropyltriethoxysilane
modified nanoparticles of TiO, were obtained as a white
powder.

Then 1 g of POTS and 99 g of absolute ethanol were
added to the reaction vessel and stirred for 2 h with a
mechanical agitator. 20 g of y-aminopropyltriethoxysilane
modified TiO, nanoparticles were mixed to the solution
obtained above. The reaction was conducted at 25 °C for 2 h
with constant stirring. Then 2 g of epoxy resin as adhesive
and 5 g sodium polyacrylate as dispersant were added. Eve-
rything in the system was then sonicated for 1 h and stirred
for 4 h to produce a stable paper coating. The paper coating
was applied on the surface of filter paper using a laboratory
coater with a coating speed of 2 m/min and a coating amount
of 12 g/m? by roll coating. The coated paper was then dried
and solidified to obtain a superhydrophobic paper with a
coating thickness of 13 pm.

Coating

Epoxy resin

Croslslinking

Characterization

Surface morphologies of the superhydrophobic paper were
observed by SEM (FEI_Apreo, USA) at a voltage of 2 kV
and magnification power of 1000 x and 200,000 X. The com-
position of the superhydrophobic paper was observed by
EDS(FEI_Apreo, USA). The roughness of the superhydro-
phobic paper was characterized by AFM (multimode8, Ameri-
can Brook). The crystal structure of TiO, nanoparticles was
analyzed by XRD (D8 Advance, Bruker-AXS) with a scanning
speed of 4°/min in the scanning range of 10°-80° (26). Func-
tional groups and elemental analyses were performed by FTIR
(Nicolet is5, America ThermoFisher) and XPS(Axis Ultra
DLD Kratos AXIS SUPRA, UK). The WCAs of superhydro-
phobic paper surface were measured by VCA Optima dynamic
contact angle tester (Optima, American AST) with 5 pL. water
drops. The WSAs of superhydrophobic paper surface were
measured by homemade test equipment with 60 pL water
drops. The valid values obtained were based on an average of
at least five measurements. TG (TGA-Q50, USA) measure-
ments were performed with a thermal analysis system under
the protection of N, at a heating rate of 10 °C min~! from 30
to 600 °C. During the measurement, dried nitrogen was vented
into the furnace at a constant flow rate of 50 mL min~. The
particle size of the nano-TiO, was tested by laser particle size
analyzer (LS13 320, American Beckman Coulter).

Results and discussion
Physical parameters of coating

Paper coating is a mixed system composed of inorganic
pigments and high molecular polymers. The physical
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parameters of the coating can affect the quality of the coated
products and the coating process (Torun et al. 2018). As
shown in Table 1, the solids content of the coating is 27.2%
and the viscosity of the coating is 2.89 Pa s, which meet
the general requirements for paper coatings. After the TiO,
nanoparticles are hydrophobically modified, the particle size
measured by laser particle size analyzer is between 25.8 nm.
Because the nanoparticles are difficult to disperse, the par-
ticle size covers a wide range. At the same time, after the
coating was stored for 1 month, there was no clear change in
appearance, no delamination, large particle aggregation, etc.,
which further supported the fact that the titanium dioxide
nanoparticles were relatively stable in the coating system
after hydrophobic modification, and could meet the require-
ments of industrial applications.

Morphology and composition

The FT-IR spectra of TiO, before and after modification
are shown in Fig. 1a. Compared with the original TiO,, the
FT-IR spectrum of modified TiO, showed new weak peaks
at 1047 cm™!, which belongs to the Si—O-Si band of KH550
(Mallakpour and Shahangi 2012). The peaks at 1243, 1211,
and 1104 cm™! are the stretching vibration peaks of the C—F
bonds, which exists as either a C-F, bond or a C-F; bond.
This is due to the fluorination of the TiO, nanoparticles by
POTS (Li and Guo 2019; Liu et al. 2019). The new peak
at 1145 cm™! is the Si-O—C bond generated by the con-
nection between POTS and TiO, nanoparticles (Brassard
et al. 2011). These results indicate that the POTS has been
attached to the surface of the TiO, by a covalent bond.

The XRD images of titanium dioxide before and after
modification are displayed in Fig. 1b. It is worth noting that
the original TiO, and modified TiO, spectra are similar and
consistent with the standard PDF (JCPDS99-0008). Accord-
ing to the patterns, the major identical diffraction peaks
appear in two curves at 25.3°, 37.8°,48.0°, 53.9°, 55.1°,
and 62.7°, corresponding to TiO, (101) (004), (200), (105),
(211), (204), respectively. Apart from the main characteristic
diffraction peaks of nano-TiO,, there are no other peaks,
which shows that the sample is pure (Chen et al. 2015; Li
et al. 2019a). Moreover, the crystal form of TiO, nanopar-
ticles was not destroyed during the modification process,
which means that the crystallinity of TiO, nanoparticles
is not affected by y-aminopropyltriethoxysilane and POTS
modification (Su et al. 2018). According to the XRD analysis
software MDI Jade, the crystal form of nano-TiO, is tetrago-
nal, and the lattice constant is a =3.785 Aand c=9.514 A.

The XPS test was performed to characterize the chemi-
cal composition of TiO, before and after modification. The
Si2p (102.07 eV) and N1s (400.04 eV) peaks (Fig. 1c) were
observed for the modified TiO,. According to Table 2, their
weight percentages (wt%) are 1.48, 0.95%, respectively.
The Cl1s core-level spectrum of original and modified TiO,
are shown in Fig. le, f. The high resolution C spectra of
the original TiO, is fitted to three peaks at about 284.8,
286.33, and 288.734 eV (Guo et al. 2017; Lin et al. 2018),
which were assigned to the C-C, C-0, and C=0, respec-
tively (Fig. 1e). However, compared with Fig. 1f, two new
component peaks appeared at 285.76 and 282.53 eV, cor-
responding to C-N and C-Si (Luo et al. 2020). The above
results showed that the surface of nano titanium dioxide is
covered with y-aminopropyltriethoxysilane (Li et al. 2013).
Moreover, Fls displayed one peak at binding energies of
688.78 eV (Fig. 1c). This peak has two different forms to
coordinate with three components, which are 290.74 eV
(CF,), 291.73 eV (CF,), and 294.05 eV (CF;), respectively
(Miao et al. 2019). It turns out that the introduction of POTS
results in the enrichment of F. It shows that POTS success-
fully modified TiO, particles and provided extremely low
surface energy for the preparation of superhydrophobic sur-
faces (Li and Guo 2019).

Figure 1d showed the thermal stability of the original
TiO, and modified TiO, as determined by TG analysis under
N, protection conditions. TGA results show that the weight
of the original TiO, did not change significantly over the
whole temperature range from 30 to 600 °C. The weight
loss of TiO, during the entire process is about 2.5% and
is attributed to the reduction of hydroxyl groups on the
titanium dioxide particle surface (Li et al. 2018). In the
temperature range of 250-350 °C, the modified TiO, loses
weight quickly. When the modified TiO, sample is heated
to 600 °C, its weight loss is about 8%. The weight reduc-
tion of the modified TiO, is attributed to organic material
on the sample surface, which decomposes between 250 and
600 °C (Wen and Guo 2018). Based on the above results,
it can be explained that the addition of POTS increases the
hydrophobicity of the modified TiO, but has a certain effect
on thermal stability (Kang et al. 2019).

The surface morphology of filter paper before and after
coating was characterized by SEM. The original filter
paper consists of cellulose fibers, which are combined
to form a fiber network and show a loose sheet structure
(Fig. 2a) (Wang et al. 2019c). After coating with modi-
fied nano-TiO,, the entangled fibers are almost entirely
covered by TiO, microclusters, which improves the

Table 1 Physical parameters of
coating

Test items

Solids content

Viscosity  Particle size Stability

Experimental results 27.2%

2.89 Pas 25.8 nm No obvious change after a month
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Binding energy(eV)

e Cls high-resolution XPS spectrum of the original TiO,. f C1s high-
resolution XPS spectrum of the modified TiO,

Table 2 Elemental composition

L ement Sample Cls (%) Ols (%) Ti2p (%) Si2p (%) Nis (%) Fls (%)

of the original TiO, and

modified TiO, Original TiO, 19.21 52.83 27.96 0 0 0
Modified TiO, 20.11 40.97 21.99 1.48 0.95 14.5

roughness and forms a dense rough structure (Fig. 2b)
(Wang et al. 2019¢). Figure 2d shows the morphol-
ogy of the obtained paper surface more clearly, which

shows that the rough microstructure are mainly consists
of nano-sized particles and micro-sized particles com-
posed of nanoparticles and aggregated particles. It can
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Fig.2 a SEM diagram of filter paper surface. b SEM image of supe-
rhydrophobic paper surface. ¢ EDS spectra of superhydrophobic
paper surface. d SEM images of superhydrophobic paper surface with

be seen from the EDS spectrum in Fig. 2c¢ that the coat-
ing is composed of characteristic elements C, N, O, Ti,
Si, and F. In addition, it is clear from Fig. 2d that Si, Ti,
and F elements are uniformly distributed throughout the
coating (Li et al. 2019b). Based on the data from AFM
micrographs (Fig. 2f), the average roughness of the sur-
face of the superhydrophobic paper was 105 nm, which is
basically consistent with the particle size test (Table 1).
This indicates that the modified TiO, produced lots of
microclusters and formed micro-nano dual structure, indi-
cating that the hydrophobicity is achieved through a dual
structure (Zhi et al. 2017).
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higher magnification. e EDS element distribution map of superhydro-
phobic paper surface. f AFM images of superhydrophobic paper sur-
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Wettability

The wettability of filter paper and superhydrophobic paper
surface were illustrated by tests of WCA and WSA (Fig. 3a).
The WCA is approximately 39°, and the sliding angle is
89° on the filter paper surface. This is because cellulose
is a structural polysaccharide which is composed of many
hydroxyl groups (Wang et al. 2019c¢). The superhydropho-
bic paper surface has a WCA of 153°+1.5° and a WSA of
3.5°+0.5°. Figure 3b, ¢ show the wettability behavior on
different paper surfaces. The WSA on the superhydropho-
bic paper surface is small, showing very little adhesion of
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Fig.3 a Variation diagram of 180
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water droplets (Yiqgiang et al. 2016). On the prepared paper
surface, beads prefer to jump on the surface rather than pen-
etrating the surface. The Video Clip S1 mainly highlights the
scene of water droplets rebounding on the surface of supe-
rhydrophobic paper. It can be observed that when a water
drop falls from the lower part of the surface, it will imme-
diately bounce off the surface. This proves the outstanding
surface superhydrophobicity and the low adhesion ability
of water droplets on the surface (Yigiang et al. 2016). The
explanation for the above result is that TiO, micro-clusters
are deposited on the fiber network, and a large number of
protrusions and grooves are generated under the condition
of air entrapment, thereby forming a micro/nanoscale rough-
ness (Wang et al. 2019c; Zhang et al. 2018). This structure
traps a lot of air into the coating and stops water from seep-
ing into the trench, which causes water droplets to suspend
on rough surfaces so that the prepared paper surface can
form a higher WCA and a lower WSA (Wang et al. 2019¢).

Durability

Generally, there are many methods for characterizing the
durability of superhydrophobic surface such as mechani-
cal, chemical and long-term stability (Yang et al. 2017).
The durability of prepared paper was demonstrated by
abrasion test, immersion test and storage test. Superhy-
drophobic paper was tested by tape peeling and knife
scratching. It can be seen from the Video Clip S2 that the
superhydrophobic paper is fixed on a glass slide, peeled
off with tape 20 times under a pressure of 1.2 kPa and
scraped 10 times with a knife. After these durability tests,
the superhydrophobic paper still maintained good water
repellency and water droplets can slip off from the surface
with a small angle. Figure 4c shows the abrasion test of
superhydrophobic paper surface on sandpaper. The supe-
rhydrophobic paper with an area of 2.5 cm X 2.5 cm and a

Filter paper Superhydrophobic paper

weight of 100 g on the back was placed on sandpaper and
moved 10 cm back and forth as a cycle (Fig. 4c). Figure 4a
shows that the contact angle and rolling angle of coated
paper without added adhesive have changed significantly
while the angle of coated paper with added adhesive is
still greater than 150° following 20 abrasion cycles, i.e.
an abrasion distance of 400 cm. In Torun’s study (Torun
and Onses 2017), uncoated paper instead of sandpaper was
used as an abrasive. A weight of 100 g was placed on
the coated standard office paper with a wear distance of
100 cm and a wear area of 10 cm X 2 cm. The sliding angle
of the water droplets (4 pL) of the coated paper before
wear is close to 0° and it was even difficult to measure
the static water contact angle since the droplets immedi-
ately bounced off the substrate. After wear, the contact
angle is 151° and the sliding angle is 29°. This indicates
the mechanical wear-resisting of the as-prepared superhy-
drophobic surface has been greatly improved, and epoxy
resin as an adhesive in the coating plays a key role. Mean-
while, compared with the study of Lu et al. (2015), the
change in contact angle during sandpaper wear is smaller,
indicating that the prepared coating has better mechanical
stability. But epoxy resins containing hydrophilic groups
and molecules with high surface energy as binders added
to hydrophobic materials will reduce the hydrophobicity
of the coating (Wu et al. 2018). Therefore, the contact
angle of the coating is lowered. Moreover, Fig. 4d shows
that after immersing in 0.1 mol/L HCI and 0.1 mol/L
NaOH solution for 96 h, the WCA on the surface of the
superhydrophobic paper remained above 150°. When the
superhydrophobic paper was left at room temperature for
6 months, its contact angle was almost constant and it still
had good hydrophobicity (Fig. 4e). These results indicate
that the superhydrophobic paper still maintains good dura-
bility after being damaged in various ways.
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Self-cleaning

In practical applications, contamination on the solid surface
is usually unavoidable (Latthe et al. 2019; Yang et al. 2019),
so self-cleaning surfaces have an important impact in vari-
ous fields. The soil and dust were used as research objects
to assess the self-cleaning performance of superhydrophobic
paper. Generally, a layer of soil and dust was scattered on
superhydrophobic paper, and water droplets are allowed to
fall on the surface of the contaminated superhydrophobic
paper. Figure 5 illustrates the whole self-cleaning test, with
the test sample as the one that was after 20 cycles of sand-
paper wear test. We can see that when blue ink rolls off,
the droplets take away the dirt and dust from the surface
of the superhydrophobic paper, and the blue ink does not
contaminate the sample surface. As shown in Video Clip S3,
the contaminated superhydrophobic paper surface becomes
gradually cleaner in the self-cleaning experiment. The above
results can be explained by roughness and relatively low
surface free energy of the superhydrophobic paper surfaces
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(Foorginezhad and Zerafat 2019a). It is well known that
these properties will make the superhydrophobic paper sur-
face have low adhesion (Wang et al. 2016).

Current limitations and recommendation
for possible future work

In recent years, various methods have been used to fabricate
superhydrophobic paper surface, including coating (Khan-
jani et al. 2018; Torun and Onses 2017), layer-by-layer self-
assembly technology (Li et al. 2017; Yang et al. 2017), chem-
ical grafting modification (Li et al. 2012), rapid supercritical
CO, expansion (Quan et al. 2009), colloid deposition (Geng
et al. 2019), atom transfer radical polymerization (Verho
et al. 2011), phase separation (Zhang et al. 2019b) and so
on. However, most of the above methods require expen-
sive instruments, the preparation process is complex, and
mass production is limited. In this study, we demonstrated
a facile and practical method to obtain superhydrophobic
paper based on roll coating with nano-TiO, hydrophobically
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Fig.5 Self-cleaning test chart
for super-hydrophobic paper

modified with y-aminopropyltriethoxysilane and POTS.
Moreover, fluorides are widely used in the preparation of
hydrophobic surfaces due to their low surface energy (Geng
et al. 2019; Khanjani et al. 2018; Li et al. 2012; Peng et al.
2016; Torun and Onses 2017). However, fluorides have been
banned to use by many countries because of their poten-
tial risk to organisms and the environment (Li et al. 2019c).

Although our work has addressed some of the above
problems, some future work should focus on identifying a
low-cost, fluorine-free and efficient multifunctional coating.
PDMS is a good alternative to fluorine compounds since
PDMS is inexpensive, hydrophobic, harmless, biocompat-
ible, and widely used in industrial, daily life, and medical
fields (Wang et al. 2019a). In addition, large-scale experi-
ments should be carried out to demonstrate the technical
feasibility and economics of the method we have developed.

Conclusions

In summary, we developed a simple and practical method
to fabricate robust superhydrophobic paper by roll coat-
ing with modified nano-TiO, particles as pigment and
epoxy resin as adhesive. The WCA is 153° and the sliding
angle is 3.5° on the fabricated superhydrophobic paper

[
|
|

surface. The superhydrophobic paper surface retained its
superhydrophobicity after tape peeling, knife scratching,
even after 20 sandpaper abrasion cycles. Furthermore, the
superhydrophobic paper surface survived under immer-
sion in acidic and alkaline solutions for 96 h, and after
storing it for 6 months at room temperature, indicating its
good chemical stability and long-term stability. In addi-
tion, the prepared superhydrophobic surface exhibited
good self-cleaning performance. The prepared paper has
the potential to be used in various applications because of
its durability and self-cleaning performance. The entire
production process was operated in an appropriate envi-
ronment, without complex instrumentation; and has the
possibility for large-scale production and application in
industry.
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