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Abstract With the increasing occurrences of indus-
trial oily wastewater emissions and oil spills, consider-
able efforts have been made to develop
superhydrophobic materials for oil-water separation.
Herein, we report a facile dipping-UV curing approach
to fabricate superhydrophobic organosilicon/silica hy-
brid coating with crosslinked network structure on
cotton fabric via thiol-ene reaction between thiol-
functionalized silica nanoparticles (SH-SiO, NPs) and
acryloyloxy-terminated  polydimethylsiloxane  (A-
PDMS-A). With the optimized mass ratio of SH-SiO,
NPs to A-PDMS-A at 0.2, the water contact angle of
the fabric reached 155° and the water sliding angle was
8°, exhibiting excellent water repellency. Furthermore,
the superhydrophobic cotton fabric possessed self-
cleaning ability and good surface stability. In addition,
the fabric was successfully applied for effective oil—
water separation, and the separation efficiency reached
up to 99.06%. Even after 15 cycles, the separation
efficiency still maintained 98.93%, demonstrating
excellent reusability. Our findings stand out as a new
tool to fabricate UV-curable superhydrophobic coating
on cotton fabric for efficient oil-water separation.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s11998-020-00362-z) contains
supplementary material, which is available to authorized users.

S. Gao, H. Li (X)), X. Lai, X. Zeng (X))

School of Materials Science and Engineering, Key Lab of
Guangdong Province for High Property and Functional
Polymer Materials, South China University of Technology,
No 381, Wushan Road, Tianhe District, Guangzhou 510640,
China

e-mail: hqli1979@gmail.com

X. Zeng
e-mail: psxrzeng@gmail.com

Keywords Superhydrophobic fabric,
Thiol-functionalized silica, Acryloyloxy-terminated
polydimethylsiloxane, UV curable, Oil-water
separation

Introduction

Inspired by the special plants and insects in nature such
as lotus leaf,'™ red rose petal,“’5 water strider®’and
butterfly wing,*’ superhydrophobic materials and sur-
faces with a water contact angle (WCA) above 150° have
been developed and applied in the fields of self-clean-
ing,'™! antiicing,'>'*> and oil-water separation.'* ¢
Particularly, with the increasing occurrences of indus-
trial oily wastewater emissions and oil spills, the dete-
riorated environment has attracted a great deal of
attention worldwide, and the superhydrophobic materi-
als based on porous substrates such as fabrics,'’ "’ metal
meshes,”>** and sponges™** for efficient oil-water
separation are considered to be of great significance.
To endow the porous materials with the superhy-
drophobic characteristic, it is necessary to not only
construct micro/nano-hierarchical structure on the sur-
face, but also utilize nonpolar chemicals to 2Egrovide low
surface energy.”” >’ For example, Wu et al.”® fabricated
superhydrophobic polyurethane sponges for oil absorp-
tion by chemical vapor deposition of tetraethoxysilane
to bind Fe;O4 nanoparticles tightly on the sponge and
then dip-coating was carried out in a fluoropolymer
aqueous solution. The sponge showed a high WCA of
157° and was able to absorb 44.5 times of tetra-
chloromethane from water. By virtue of reduction and
strong adhesion roles of polydopamine (PDA), Xu
et al.”” deposited Ag particles on the PDA-coated
surface of polyester fabric to form a lotus leaf-like rough
structure, and further modified it by 1H,1H,2H,2H-
perfluorodecanethiol to achieve superhydrophobicity
with a WCA of 155°. The obtained superhydrophobic
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fabric could efficiently separate oil from oil/water
mixtures and also showed excellent self-cleaning prop-
erty. Cai et al.’® prepared a superhydrophobic coating
with fluorinated alkyl silane (FAS)-modified electroless
Ni-P plating on the stainless steel (SS) mesh surface. The
oil-water separation efficiency of the superhydrophobic
mesh reached up to 96.8%. However, in the fabrication
processes of the superhydrophobic materials, fluorine-
containing chemicals were used and recognized to be
harmful to natural ecology, thus leading to the limitation
of their practical applications. Compared with fluorine-
containing  substances, the low-surface-energ;y
organosilicon is environment friendly.*'~* Cao et al.*
first deposited an organically modified silica aerogel
(ormosil) thin-film onto cotton fabric and then dip-
coated with a layer of polydimethylsiloxane (PDMS,
Sylgard 184) after curing at 80°C for 2 h. The PDMS-
ormosil composite coating displayed a uniform 3D
fractal-like structure with numerous microscale pores,
and the WCA reached above 160°. Additionally, the
fabricated superhydrophobic cotton fabric exhibited
high oil-water separation efficiency of 98.5% even after
10 cycles. Pan et al.** also prepared a stable PDMS-
copper stearate (CuSA,) superhydrophobic coating on
cotton fabric by in situ growth of CuSA; and subsequent
dip-coating and thermal curing of Sylgard 184. The
obtained fabric maintained superhydrophobicity with
WCA above 150° after ultraviolet (UV) irradiation,
mechanical abrasion, and ultrasonication treatments
and was applied for the separation of oil/water mixture
with separation efficiency of 96%. Nevertheless, to form
a crosslinked coating layer for the PDMS-based super-
hydrophobic materials, the high-temperature curing
procedure was necessary, and the curing time was
generally at least 2 h, leading to the consumption of
energy and the reduction of production efficiency.
Therefore, it is imperative to develop a new efficient
approach to fabricate superhydrophobic materials for
oil-water separation.

Herein, we propose a facile approach to fabricate a
UV-curable superhydrophobic organosilicon/silica hy-
brid coating on cotton fabric for oil-water separation.
Firstly, silica nanoparticles (SiO, NPs) were modified
with (3-mercaptopropyl) trimethoxysilane (MPTMS)
to generate thiol-functionalized silica nanoparticles
(SH-SiO, NPs). Then, acryloyloxy-terminated poly-
dimethylsiloxane (A-PDMS-A) was synthesized via a
one-pot two-step reaction with isophorone diiso-
cyanate (IPDI), o,w-aminopropyl-terminated poly-
dimethylsiloxane ~ (NH,-PDMS-NH,), and  2-
hydroxyethyl acrylate (HEA) as raw materials. After
dipping into the solution containing SH-SiO, NPs, A-
PDMS-A, and photoinitiator Darocur 1173, the cotton
fabric was irradiated under UV light to form cross-
linked organosilicon/silica hybrid superhydrophobic
coating. The as-fabricated superhydrophobic cotton
fabric possessed not only self-cleaning ability, but also
good surface stability. Importantly, the fabric was able
to effectively separate oil-water mixture and the
separation efficiency reached up to 99.06%. By means
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of UV light, the fabrication process of the superhy-
drophobic cotton fabric only needs several minutes,
and no fluorine-containing chemical is used. Our
approach is time-saving and cost-effective and shows
the great potential in the treatment of industrial oily
wastewater emissions and crude oil spills.

Experimental
Materials

o,-Aminopropyl-terminated  polydimethylsiloxane
(NH,-PDMS-NH,, Mn = 3000 g/mol) was supplied by
Meryer (Shanghai) Chemical Technology Co., Ltd.
(China). Tetraethyl orthosilicate (TEOS, 98%), (3-
mercaptopropyl) trimethoxysilane (MPTMS), isophor-
one diisocyanate (IPDI, 99%), 2-hydroxyethyl acrylate
(HEA, 96%), 2-hydroxy-2-methylproplophenone
(Darocur 1173), anhydrous ethanol (AR), hexane
(AR), and oil red O were all purchased from Aladdin
Reagent Co., Ltd. (China). Dibulytin didodecylate
(DBTDL, = 90%) was obtained from Shanghai Chem-
ical Reagent Co., Ltd. (China). Ammonia (25-28
wt%), tetrahydrofuran (THF, > 99%), toluene (AR),
dichloromethane (AR), and trichloromethane (AR)
were bought from Guangzhou Chemical Reagent
Factory (China). Methylene blue was provided by
Tianjin Tianxin Fine Chemical Development Center
(China). Cotton fabric (plain weave fabric, 375 g/m?)
was bought from local store. All chemicals were used
as received without further purification, and deionized
water was used for all the experiments and tests.

Synthesis of thiol-functionalized silica NPs
(SH-SiO, NPs)

First, SiO, NPs were synthesized according to the
Stober procedure.®> Two hundred milliliters of anhy-
drous ethanol and 24 mL of ammonia were first mixed
to form a homogenous solution; then, 20 mL of TEOS
was slowly dropped into the solution. After magnetic
stirring at room temperature for 12 h, a milky suspen-
sion was generated and purified by centrifuging at
8000 rpm for 15 min. After washing with plenty of
ethanol and drying at 60°C for 12 h, SiO, NPs were
obtained. Subsequently, 5 g of SiO, NPs was dispersed
in 100 mL of toluene under sonication for 30 min and
2.5 mL of MPTMS was added. After stirring at 120°C
for 24 h, the suspension was post-treated as described
above, and the SH-SiO, NPs were obtained.

Synthesis of acryloyloxy-terminated
polydimethylsiloxane (A-PDMS-A)

Typically, 0.7104 g (0.0032 mol) of IPDI was added
into 4 mL of THF in a 50-mL three-neck round-bottom
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flask under nitrogen atmosphere. Then, 16 mL of THF
solution containing 4.8 g (0.0016 mol) of NH,-PDMS-
NH, was added dropwise into the above solution
within 40 min at 40°C. After stirring for 3 h, 10 mL
of THF solution containing 0.3716 g (0.0032 mol) of
HEA and 3.7 mg of DBTDL was added dropwise into
the flask within 25 min, and the reaction mixture was
stirred at 40°C for another 12 h. The product was
purified by precipitation in plenty of water and dried
under vacuum at 40°C to obtain A-PDMS-A.

Fabrication of superhydrophobic organosilicon/
silica hybrid coating on cotton fabric under UV
irradiation

The fabrication process of superhydrophobic
organosilicon/silica hybrid coating on cotton fabric
under UV irradiation is illustrated in Fig. 1. Typically,
the pristine cotton fabric with suitable size (20 mm x
20 mm) was cleaned by ethanol under sonication and
dried at 60°C for 1 h. Synchronously, a variable
amount of SH-SiO, NPs (the mass ratios of SH-SiO,
to A-PDMS-A were 0, 0.05, 0.2, 0.3, and 0.4, respec-
tively) was added into 8.5 g of THF solution containing
0.68 g of A-PDMS-A and 6.8 mg of Darocur 1173, and
sonicated for 20 min to form a homogeneous solution.
After that, the cleaned cotton fabric was dipped into
the above solution for 2 min. Subsequently, the

Cotton fabric

Dipping

THEF solution

removed cotton fabrlc was irradiated under UV light
(320 nm, 100 mW/cm?) for 2 min with a distance of
10 cm from the center of UV light lamp (INTELLI-
RAY 400, Uvitron International, Inc., USA), and the
superhydrophobic organosilicon/silica hybrid coating
on cotton fabric was obtained.

Self-cleaning test

A piece of as-fabricated superhydrophobic cotton
fabric was fixed on a glass slide at a suitable tilt angle
and covered with blue CuSO45H,0 particles. Then,
self-cleaning ability was evaluated by using water drops
to remove the blue CuSO45H,0 particles.

Thermal and chemical stabilities

The thermal stability of the superhydrophobic cotton
fabrics was evaluated by measuring the WCAs after
being heated separately at 40, 70, 100, 130, and 170°C
for 6 h. To evaluate the chemical stability, the super-
hydrophobic cotton fabrics were separately immersed
into deionized water, toluene, and hexane for 96 h,
NaCl solution (1 mol/L) and HCl solution (pH = 1) for
24 h, and NaOH solution (pH = 12) for 12 h, and the
removed fabrics were rinsed with ethanol and dried at
60°C for WCA measurement.
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Fig. 1: Schematic illustration for fabricating superhydrophobic organosilicon/silica hybrid coating on cotton fabric
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Oil-water separation test

The device for oil-water separation was made up of a
piece of the fabricated superhydrophobic cotton fabric,
two glass tubes, and two metal clips. Specifically, the
superhydrophobic cotton fabric acting as a filter mem-
brane was sandwiched between the two glass tubes and
firmly fixed by metal clips. When the oil-water mixture
containing oil colored with oil red O and deionized
water colored with methylene blue was poured into the
upper tube, oil easily penetrated through the fabric
while water was impeded. The oil-water separation
efficiency was calculated according to the following
equation (1):

Separation efficiency = % x 100% (1)
0

where mg and m; represented the masses of the initial
oil and collected oil, respectively.

In addition, to assess the reusability of the superhy-
drophobic cotton fabric, the oil-water separation
process with the same cotton fabric was repeated for
15 cycles. After each separation cycle, the fabric was
cleaned with ethanol and dried at 60°C for 1 h before
the next cycle.

Characterizations

The surface morphologies of the SH-SiO, NPs and
superhydrophobic cotton fabric were observed on an
EVOI18 scanning electron microscope (SEM, Carl
Zeiss Jena, Germany) at an acceleration voltage of
10.0 kV. Fourier transform infrared spectroscopy
(FTIR) was carried out on a Bruker Tensor 27
spectrometer (Bruker Optics, Germany) from 4000 to
600 cm~' with a resolution of 4 cm™' and scanning
times of 32. The surface wettability of the superhy-
drophobic cotton fabrics was measured by a DSA100
contact angle meter (Kruss, Germany). The water
droplet with a volume of 5 pL. was used as a probe
liquid, and at least five different locations were
measured to calculate the average value at room
temperature.

Results and discussion

Synthesis and characterization
of acryloyloxy-terminated PDMS (A-PDMS-A)

In the last decade, the two classic organosilicon
products including Sylgard 184 and Sylgard 186 by
Dow Corning Corporation in USA were widely used
for the fabrication of superhydrophobic coatings and
surfaces.*®*” However, to form a crosslinking structure,
the thermal curing generally needs to be above 80°C
for at least 2 h. Compared with thermal curing, UV

1416

curing technology has the obvious advantage of fast
reaction speed and the curing process can be com-
pleted within several minutes or even seconds.” " At
present, vinyl-terminated PDMS for sale has reactive
vinyl groups and seems to possibly react under UV
irradiation. However, the vinyl groups adjacent to Si
are very inactive and the UV-initiated radical reaction
is difficult to proceed.*'™ In our work, to accelerate
the fabrication process of superhydrophobic cotton
fabric, PDMS terminated with reactive acryloyloxy
groups was synthesized via a one-pot two-step reaction
as shown in Fig. 2a. The amino groups (-NH,) of NH,—
PDMS-NH; first reacted with the primary isocyanate
groups (-NCO) of IPDI to synthesize isocyanate-
terminated PDMS (NCO-PDMS-NCO), and then,
the terminated secondary -NCO further reacted with
the hydroxyl groups (-OH) of HEA to achieve A-
PDMS-A. Figure 2b shows the FTIR spectra of the A-
PDMS-A synthesized at the initial time and the ends of
the first and second reaction steps. At the initial
reaction time, the absorption band at 2264 cm™' was
attributed to the stretching vibration of -NCO, while
the absorption bands at 1645 and 1560 cm™' were
assigned to the stretching vibrations of carbonyl groups
(-CO-) and the bending vibration of imino groups
(-NH-) in urea groups (-NH-CO-NH-), respec-
tively.***> After the first reaction step, the intensity
of the absorption band of -NCO was reduced by half.
Furthermore, after the second reaction step, the
absorption band of -NCO disappeared, and a new
absorption band at 1735 cm™' corresponding to the
ester groups (-COO-) vibration of HEA appeared.
Additionally, the absorption band of vinyl groups
(-C=CH,) of HEA was supposed to be covered by the
absorption band at 1645 cm~'. In the 'H NMR
spectrum of A-PDMS-A, the peaks at 5.8 and
6.1 ppm were related to the protons of vinyl groups
(-CH=CH,) (Fig. S1), further confirming the successful
synthesis of A-PDMS-A.*°

Fabrication of superhydrophobic coating on cotton
fabric

It is well known that micro/nano-hierarchical structure
and low surface energy are the two essential factors for
superhydrophobic materials and surfaces.”**’*® Here,
cheap SiO, NPs functionalized with thiol groups were
synthesized with TEOS as precursor and MPTMS as
modifier for the construction of roughness. The suc-
cessful grafting of MPTMS was confirmed by FTIR
spectrum and a test of oil affinity. Moreover, the mean
diameter of SH-SiO, NPs from SEM image was about
200 nm (Fig. S2). To provide low surface energy, the
A-PDMS-A with flexibility was utilized to react with
SH-SiO, NPs. The superhydrophobic coating on cotton
fabric was fabricated by a simple dipping procedure
and subsequent UV irradiation. In the UV curing
process, the thiol-ene addition reaction between the
terminated acryloyloxy groups of A-PDMS-A and the
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Fig. 2: (a) Synthetic route of A-PDMS-A. (b) FTIR spectra for the synthesis of A-PDMS-A

thiol groups of SH-SiO, NPs easily occurred to form a
crosslinked coating layer in the presence of photoini-
tiator Darocur 1173 even under the existence of
oxygen in air.*’”" Therefore, the SH-SiO, NPs also
played the role of crosslinking points, which was
beneficial for the improvement of the stability of the
superhydrophobic coating on the cotton fabric. From
the FTIR spectra of the A-PDMS-A/silica hybrid
coating on cotton fabric before and after UV curing
(Fig. S3), it was clear that the intensity of the
absorption band at 1645 cm™' obviously decreased
after UV curing, demonstrating the occurrence of the
thiol-ene reaction between —SH of SH-SiO, NPs and
—-CH=CH, of A-PDMS-A.

The effect of mass ratios of SH-SiO, NPs to A-
PDMS-A on the microstructure and wettability of the
cotton fabric was investigated. Notably, the pristine
fiber surface was quite smooth, the cotton fabric was
hydrophilic with a WCA of 0°, and water droplet was
quickly absorbed (Fig. S4a). With the coverage of pure

A-PDMS-A coating layer, the WCA of the cotton
fabric was remarkably increased to 126° (Fig. S4b).
However, due to the limited roughness, it was still
unable to reach superhydrophobicity. With the incor-
poration of SH-SiO, NPs, the WCA obviously in-
creased. When the mass ratio of SH-SiO, NPs to A-
PDMS-A was 0.05, the fiber surface became rough and
the WCA increased to 143° (Fig. 3a). With the mass
ratio further increasing to 0.2, the fiber surface was
rougher, and the WCA and WSA of the fabric,
respectively, reached 155° and 8°, exhibiting excellent
water repellency (Fig. 3b). This revealed the important
role of SH-SiO, NPs for the construction of roughness
and the improvement of hydrophobicity. Furthermore,
when the mass ratio increased to 0.3 and 0.4, the
roughness was more evident and some big protrusions
by the agglomeration of SH-SiO, NPs appeared.
However, the WCAs of the fabrics changed little and
both remained at 154°, and the WSAs were 6.5° and 6°,
respectively (Figs. 3c and 3d). It should be pointed out
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Fig. 3: SEM images (the bottom left was the WCA optical image) of the as-fabricated cotton fabrics with different mass
ratios of SH-SiO, NPs to A-PDMS-A at (a) 0.05, (b) 0.2, (c) 0.3, and (d) 0.4

that with the content of SH-SiO, NPs increasing, the
softness of the cotton fabric obviously decreased.
Taking hydrophobicity and softness into consideration,
the cotton fabric fabricated with the mass ratio of 0.2
was chosen for the subsequent studies.

To confirm the hydrophobicity, various liquids
including water, coffee, black tea, and soy milk were
separately dropped onto the as-fabricated cotton fab-
ric. It was clear that the different kinds of droplets all
stably stood on the surface and kept a nearly spherical
shape, showing the superhydrophobicity (Figs. 4a—4d).
In addition, a droplet of water colored by methylene
blue and a droplet of hexane colored by oil red O were
both dropped on the pristine cotton fabric and the
fabricated fabric, respectively. The water and oil
droplets were absorbed by the pristine cotton fabric
immediately. Differently, on the fabricated cotton
fabric, the water droplets kept their spherical shape
while the oil droplet quickly permeated, exhibiting the
obvious superoleophilicity (Figs. 4e, 4f). A jet of water
easily bounced off the surface of the fabricated cotton
fabric without residue (Fig. 4g). Moreover, when the
fabricated cotton fabric was immersed into water, a
mirror-like bright surface appeared (Fig. 4h). It was a
result of a uniform air layer existing between the
coating surface on the fabric and the surrounding
water.”! Besides, when the surface of fabric contacted
the water droplet hanging on a syringe needle, it could
separate from the water droplet even if the water
droplet was out of shape by extrusion (Fig. 4i),
demonstrating the nonadhesion property of the super-
hydrophobic cotton fabric.
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Self-cleaning ability and stability
of the superhydrophobic coating on cotton fabric

To assess the self-cleaning ability of the superhy-
drophobic coating, the pristine and the fabricated
superhydrophobic cotton fabrics were both fixed on a
piece of glass slide with the same tilt angle and
contaminated with blue CuSO,5H,0 powders (Fig. 5).
With water droplets continuously dropping onto the
pristine cotton fabric, the blue powders were difficult
to be taken away by water, and almost all the powders
still remained on the surface. Contrarily, the powders
were easily carried away by water droplets from the
superhydrophobic cotton fabric, showing excellent
antifouling property (Video S1 and S2).

Surface stability is very important for the fabricated
superhydrophobic cotton fabric in practical applica-
tions. As shown in Fig. 6a, the WCAs of the superhy-
drophobic cotton fabrics changed little after being
placed under various temperatures of 0, 40, 70, 100,
130, and 170°C for 6 h. This indicated that the cotton
fabric was insensitive to temperature and could work in
a wide temperature range. Additionally, after being
immersed into deionized water, toluene, and hexane
for 96 h, NaCl solution (1 mol/L) and HCI solution
(pH = 1) for 24 h, and NaOH solution (pH = 12) for
12 h, the WCAs of the fabricated cotton fabrics still
remained above 150°, showing the strong stability of
superhydrophobicity (Fig. 6b). Moreover, the stability
of the cotton fabric was also evaluated through
abrasion test. After 30 abrasion cycles, the WCA
maintained 146.8°, demonstrating the good abrasion
resistance (Fig. S6). Interestingly, although the fabric
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Fig. 4: Photographs of (a) water, (b) coffee, (c) black tea, and (d) soy milk on the as-fabricated cotton fabric. Photographs of
water and hexane droplets on the (e) pristine cotton fabric and (f) the as-fabricated cotton fabric. Photographs of (g) a jet of
water bouncing off the surface, and (h) the as-fabricated cotton fabric fixed on a glass slide in water. (i) Photographs of
contact, deformation, and departure processes of a 4 uL water droplet with respect to the as-fabricated cotton fabric
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Fig. 5: Self-cleaning behaviors of (a) pristine cotton fabric and (b) as-fabricated cotton fabric

became hydrophilic with a WCA of 45° after plasma
etching (0.2 mbar, 300 W, air) for 2 min, it was able to
recover its superhydrophobicity by heating at 100°C

for 2.5 h, which was mainly attributed to the migration

of the hydrophobic organosilicon chains (Fig. S5).

52,53
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Oil-water separation behavior
of the superhydrophobic cotton fabric

Owing to superhydrophobicity and superoleophilicity,
the fabricated cotton fabric has great potential in the
treatment of industrial wastewater emissions and oil
spill accidents.”*>> At first, the oil absorption ability of
the superhydrophobic cotton fabric was studied. As
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shown in Fig. 7a, several droplets of colored hexane as
the representative of light oil were dropped into the
beaker with water; they spread and merged on the
water surface. It was clear that the red oil was easily
absorbed by the cotton fabric within several seconds
and no residual oil was observed (Video S3). Similarly,
the trichloromethane as the representative of heavy oil
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Fig. 6: WCAs of the as-fabricated fabrics after being (a) placed under different temperatures for 6 h and (b) immersed into

different solutions for different times

Fig. 7: Oil absorption processes of the superhydrophobic cotton fabric for (a) hexane and (b) trichloromethane from water
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at the bottom of the water was also completely
absorbed by the fabric (Fig. 7b and Video S4).

To further explore the feasibility of the superhy-
drophobic cotton fabric for the continuous separation
of oil from water, a simple set of devices was set up
with the fabric as a filter membrane, as shown in
Fig. 8a. Clearly, when the trichloromethane-water
mixture was poured into the upper glass tube, the red
trichloromethane easily penetrated through the fabric
and was collected by the beaker, while the blue water
was impeded by the fabric and remained in the upper
glass tube (Video S5). The separation efficiency of the
cotton fabric for the trichloromethane-water mixture
reached 99.06% (Fig. 8b). Meanwhile, the fabric was
also used to continuously separate hexane, toluene,
and dichloromethane from water, and the separation
efficiencies were 96.57%, 95.45%, and 98.99%, respec-
tively. Comparatively, the separation efficiencies of the
fabric for hexane-water and toluene-water mixtures
were lower, which were mainly due to the lower
densities of the oils. Furthermore, to evaluate the
reusability of the fabric, the separation of trichlor-
omethane from water was carried out for 15 cycles, and
the separation efficiency still maintained 98.93%
(Fig. 8c).

Conclusions

In summary, we successfully fabricated a superhy-
drophobic organosilicon/silica hybrid coating on cotton
fabric via a dipping-UV curing method. When the mass
ratio of SH-SiO, NPs to A-PDMS-A was 0.2, the as-
fabricated cotton fabric appeared to have micro/nano-
hierarchical morphology and the WCA and WSA,
respectively, reached 155° and 8°. The superhydropho-
bic cotton fabric had self-cleaning ability, which could
easily remove the contaminants on the surface by
water. Owing to the formation of the crosslinked
structure with SH-SiO, NPs as crosslinking points, the
superhydrophobic cotton fabric possessed good surface
stability. In addition, the superhydrophobic cotton
fabric could effectively separate organic solvents from
water, and the separation efficiency reached up to
99.06%. Furthermore, the separation efficiency main-
tained 98.93% even after 15 separation cycles, exhibit-
ing the excellent reusability. Our fabrication method is
time-saving and cost-effective, and no fluorine-con-
taining chemical is involved. The as-fabricated super-
hydrophobic cotton fabric is highly promising for
application in the treatment of oil spill accidents and
industrial sewage emission.
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Fig. 8: (a) Separation process of trichloromethane-water mixture with the superhydrophobic cotton fabric. (b) Separation
efficiencies of the superhydrophobic cotton fabrics for different oil-water mixtures. (c) Changes in separation efficiency

with separation cycles of trichloromethane-water mixture
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