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Abstract The frequent occurrence of oil spills in
recent years has led to serious contamination of water
resources, and materials with superhydrophobic sur-
face properties have attracted much attention for crude
oil recovery and water contamination remediation.
However, the fragile robustness of superhydrophobic
materials greatly hinders their practical applications.
Herein, we prepared the robust, photocatalytic super-
hydrophobic material of SH-ZnO-PDMS@fabric by a
simple two-step immersion method. Zinc oxide
nanoparticles (ZnO NPs) provided the rough surface
structure, and fluorine-free dodecyltrimethoxysilane
(DTMS) provided the low surface energy. Poly-
dimethylsiloxane (PDMS) was introduced as a binder
to strengthen the force between the nanoparticles and
the fabric. The cotton fabric showed excellent super-
hydrophobicity with a water contact angle (WCA)
range of 146.9–156.6�. The methylene blue (MB) in
water was basically degraded after 12 h of exposure to
UV lamp, manifesting that the cotton fabric had
excellent photocatalytic property. The cotton fabric
also showed excellent self-cleaning and antifouling
properties. Importantly, SH-ZnO-PDMS@fabric main-

tained superhydrophobic properties after mechanical
abrasion, ultrasonic washing, UV irradiation, and acid/
alkali immersion. The prepared superhydrophobic
materials can be repeatedly used to separate various
oil–water mixtures due to their superhydrophobic and
recyclable properties. This versatile, efficient, and
simple strategy has good application prospects in water
pollution remediation and oily wastewater treatment.

Keywords Superhydrophobicity, Photocatalysis,
ZnO NPs, Self-cleaning, Oil–water separation

Introduction

Petroleum remains a vital source of energy for the
needs of modern society,1 and with it comes the
inevitable problem of oil spills.2 Petroleum or organic
pollutants leaking into the environment can cause huge
economic losses and environmental hazards.3–5 There-
fore, appropriate methods are needed to treat spilled
oil and organic pollutants and to separate them from
contaminated water.6–8 So far, several methods such as
physical adsorption,9,10 chemical dispersion,11,12 vac-
uum degradation,13 and in situ combustion have been
applied to water purification.14,15 However, most of
these methods have some limitations in practical
application due to the complexity of the process, high
cost, low efficiency, or secondary pollution.16–18 Fortu-
nately, special wettable materials have reportedly been
developed that promise to solve the problem of oil
spills.19–21

Superhydrophobic materials have developed rapidly
in recent decades and have received much attention for
selective filtration or absorption of oil in oil–water
mixtures.22–24 A large body of previous work has
demonstrated that the preparation of superhydropho-
bic materials requires the co-regulation of low surface
energy and micro- and nanogeometry.25 For example,
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the cotton fabric with superhydrophobic properties was
prepared by using the nanocomposite coating modified
by fluorocarbon silane oligomers.26 The viscous fluo-
rophene cotton was prepared by means of ultrasonic
impregnation and autonomous loading.27 The
hydrophobicity of cotton fabric was improved by
grafting polymerization (MA-POSS)-PFDT coating.28

However, the above superhydrophobic materials were
prone to contamination in practical applications, lead-
ing to a drastic decrease in their oil–water separation
efficiency and lifetime, and they also use fluorine-
containing reagents, which might cause the irreversible
damage to human health and the natural environment.

The most promising nonfluorinated long chain silane
coupling agents can reduce the environmental harm of
superhydrophobic materials. It can enhance the
hydrophobicity and durability of composites due to
its hydrophobic soft long chains and easily hydroly-
sable crosslinked siloxane groups.29,30 But the use of
single silane coupling agents alone will not enable the
material to reach superhydrophobic levels. Therefore,
there is an urgent need to composite the hydrophobic
modifiers to diminish the surface energy.31,32 PDMS
has attracted wide attention due to its low surface
energy, cheapness, nonfluorine, good biocompatibility,
good adhesion, and chemical stability.33–35 Ma et al.
impregnated electrostatically spun silk films in PDMS
solution to prepare good superhydrophobic mem-
branes.36 Zhou et al. enhanced the bonding between
metal composites and fabrics by PDMS, resulting in
superhydrophobic fabrics with excellent durability.37

However, this superhydrophobic material can only
separate oil and water, but cannot address contami-
nated water, so there is a need to find a way to address
the contaminants from the water.

Semiconductor photocatalytic technology has
gained widespread attention for its energy and envi-
ronmental applications and is expected to be a solution
for organic pollutants in water.38–40 In particular, ZnO
nanoparticles have many advantages due to their good
dispersion, photocatalytic ability, excellent stability,
and biocompatibility, and the introduction of ZnO can
not only endow the materials with excellent photocat-
alytic properties but also improve the surface rough-
ness and durability of the materials.41–43 For example,
a hydrogel with good photocatalytic effect was pre-
pared by using cellulose nanofibers and ZnO.44 Previ-
ous work had reported the preparation of a durable
superhydrophobic material by immobilizing zinc oxide
on the surface of fibrous clay, which also has a good
photocatalytic effect.45 Thus, by using the good
hydrophobicity and excellent adhesion of PDMS,
ZnO can be fixed on the fabric, and a superhydropho-
bic photocatalytic material could be obtained. Thus,
this multifunctional superhydrophobic material is
expected to treat oil–water mixtures and degrade
organic pollutants in water.

In this study, robust, superhydrophobic cotton fab-
rics with self-cleaning, photocatalytic, and oil/water
separation were prepared by a simple two-step immer-

sion method. ZnO provided the rough structure,
DTMS provided the low surface, and PDMS was used
as an adhesive to strengthen the force between ZnO
and the fabric. Surface morphology, chemical compo-
sition, wettability, mechanical durability, UV stability,
and corrosion protection, self-cleaning, photocatalytic,
and oil/water separation properties were described for
all samples. These results showed that the prepared
cotton fabrics had an extensive range of applications as
functional and durable fabrics.

Experimental section

Materials

Zinc oxide (ZnO, 20–40 nm) was purchased from
Aladdin (China). Polydimethylsiloxane (PDMS) and
hardener were provided by Dow Corning (America).
Dodecyltrimethoxysilane (DTMS), absolute ethanol,
ethyl acetate, petroleum ether, n-hexane, dichloro-
methane, hydrochloric acid (HCl), methylene blue
(MB), and Sudan (III) were purchased from Sino-
pharm Group Chemical Reagent Co. Ltd. (China).
Sodium hydroxide (NaOH), sodium chloride (NaCl),
and oleic acid were bought from Hubei University
Chemical Plant (China). Cotton fabrics were bought
from a local store.

Characterizations

The microscopic morphology of samples before and
after modification was observed by using field emission
scanning electron microscopy (FESEM, JSM7100F,
Japan). The element mapping of the samples was
analyzed by energy-dispersive X-ray spectrometer
(EDS, Escalab 250Xi, Japan). The crystal structure of
the samples was determined by X-ray diffractometer
(XRD, D8A25, Germany). Fourier transform infrared
spectrometer was used to scan the infrared spectrum of
the sample and collect the FTIR diagram of the
samples (FTIR, Spectrum One, America). The water
contact angle was measured by a contact angle mea-
suring instrument (JC2000D, China).

Preparation of superhydrophobic fabrics

The fabrics (35% cotton, 65% polyester) were, respec-
tively, immersed in acetone, ethanol, and deionized
water for 10 sonication to remove the stains on the
fabric surface. Then, 0.6 g of DTMS was dissolved in
25 mL of deionized ethanol and stirred for 30 min at
room temperature for prehydrolysis. Different masses
of ZnO (0, 1, 2, 3, 4 g) were added into the above
dispersion and stirred for 1 h. The washed fabrics were
immersed in the above dispersion and ultrasonicated
for 20 min, then the fabrics were taken out and dried in
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an oven at 120 �C for 1 h. In order to strengthen the
binding force between SH-ZnO and fabrics, the fabrics
were immersed in an ethyl acetate solution with 1 wt%
PDMS (the mass ratio of PDMS and curing agent was
10: 1) for 30 min. After sonication in ethanol for 60 s to
remove the weakly adsorbed hydrophobic ZnO, the
samples were dried at 80 �C. The obtained samples
were named SH-ZnOx-PDMS@fabric, where x was the
amount of ZnO.

Oil/water separation

An oil–water mixture (40 mL, 1:1, v/v) was prepared
by mixing oil (n-hexane, petroleum ether, xylene, and
cooking oil, Sudan III dyed) and water. The SH-ZnO-
PDMS@fabric was wetted well with water and fixed in
the separation device, and the oil–water mixture was

poured slowly into the separation device. The separa-
tion efficiency was calculated by measuring the mass of
water before and after separation, as shown in equa-
tion (1).

EC ¼ m=m0 � 100% ð1Þ

where m0 and m were the mass of water before and
after separation, respectively.

Oil–water separation flux was calculated as equation
(2).

FS ¼ V=ST ð2Þ

where V was the volume of water after separation, S
was the effective test area of the membrane, and T was
the time required for oil and water to completely
separate.

Fig. 1: (a) Schematic illustration of the preparation process of SH-ZnO-PDMS@fabric; (b) FTIR spectra of ZnO and SH-ZnO;
(c) XRD patterns of the original fabric, SH-ZnO0-PDMS@fabric, and SH-ZnO3-PDMS@fabric
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Antiultraviolet radiation experiments

The SH-ZnO-PDMS@fabric was exposed to UV light
(30 W/m2) for 24 h. The WCA of the SH-ZnO-
PDMS@fabric was measured every 3 h.

Mechanical durability testing

The mechanical durability of the superhydrophobic
fabric was evaluated by sandpaper abrasion and
ultrasonic washing. For the sandpaper abrasion test,
the samples of SH-ZnOx-PDMS@fabric were placed
on sandpaper (600 mesh), with a 100 g of weight as the
downward pressure, and the samples were pulled to
right at a constant speed for 10 cm at room temper-
ature as one sanding. The surface wettability of SH-
ZnOx-PDMS@fabric was tested by measuring the
contact angle after every ten scratch cycles. Likewise,
for the ultrasonic washing test, the samples were
immersed in ethanol and sonicated for 120 min. The
surface wettability of SH-ZnOx-PDMS@fabric was

tested by measuring the contact angle after every ten
scratch cycles. The surface wettability of SH-ZnOx-
PDMS@fabric was tested after every 15 min by mea-
suring the contact angle.

Photocatalytic activity

Methylene blue (MB) was used as a water-soluble
contaminant to assess the photocatalytic properties of
the samples. The samples were placed in 10 mL of an
aqueous solution of MB at a concentration of approx-
imately 10 ppm. The sample-impregnated solution was
placed under a UV lamp (9 W) for 12 h. In order to
monitor the photocatalytic efficiency of the samples in
real time, the test solution was analyzed every 3 h with
a UV spectrophotometer and the optical pictures of
the solution were recorded. In addition, in order to test
the cyclic catalytic degradation performance of SH-
ZnOx-PDMS@fabric, the fabrics were first soaked in
MB solution, dried, and placed in deionized water.
Next, the optical photographs of the samples were

Fig. 2: FESEM images of (a) the original fabric; (b) SH-ZnO0-PDMS@fabric; (c) SH-ZnO1-PDMS@fabric; (d) SH-ZnO2-
PDMS@fabric; (e) SH-ZnO3-PDMS@fabric; and (f) SH-ZnO4-PDMS@fabric; (g) EDS elemental mapping image of SH-ZnO3-
PDMS@fabric; (h) EDS curves and element content of SH-ZnO3-PDMS@fabric
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taken before and after exposure to UV light (9 W) at
room temperature for 12 h. The samples were wetted
with oleic acid (OA) and placed under an external
lamp for 12 h. The contact angles of the samples before
and after contamination with OA and before and after
UV irradiation were measured to characterize their
photocatalytic degradation performance.

Results and discussion

Preparation and characterization
of SH-ZnO-PDMS@fabric

Oxide nanoparticles have attracted great interest due
to their chemical stability, low cost, and nontoxicity.
For example, Han et al. prepared superhydrophobic
fabrics using PDMS-coated SiO2 nanoparticles,46

which have good durability in water and oil environ-
ments.47 The preparation process of SH-ZnO-
PDMS@fabric is shown in Fig. 1a. We used a simple
soaking method to prepare superhydrophobic fabrics.
The original fabric was immersed in an ethanolic
dispersion containing DTMS/ZnO. The DTMS in an
ethanolic dispersion was crosslinked with the ZnO.
The rich hydroxyl groups on the surface of the fabric
formed hydrogen bonds with the crosslinked ZnO, thus
causing it to coat the surface of the fabric. Finally, in
order to enhance the bonding between fabric and SH-
ZnO, we introduced PDMS, which not only improved
the stability of the material but also further reduced
the surface energy of the fabric.

Figure 1b reflects whether ZnO had been grafted
onto DTMS. The characteristic absorption peaks of the
original fabric after loading DTMS at 2924, 2857, 1463,
and 1043 cm�1 were due to –CH2 stretching vibra-

tion,48 –CH3 stretching vibration,49 –C–H bending
vibration, and Si-O-Si asymmetric stretching vibra-
tion.50 These results indicated that DTMS had been
successfully grafted onto zinc oxide.

Figure 1c shows the XRD analyses of the original
fabric and the sample. Pristine fabrics and SH-ZnO0-
PDMS@ fabrics had the same crystalline shape, indi-
cating that the addition of DTMS or PDMS did not
affect the crystalline shape of the fabrics. The peaks at
2h = 32.01�, 34.63�, 36.43�, 47.69�, 56.77�, 63.09�,
68.15�, and 69.25 correspond to the crystal planes of
(100), (002), (101), (102), (110), (103), (112), and (201)
of ZnO.51 The appearance of the above characteristic
peaks demonstrated the successful deposition of ZnO
nanoparticles on the fabric surface.

Surface microstructure analysis
of SH-ZnO-PDMS@fabric

As shown in Figs. 2a–2f, we analyzed the surface
microstructure of the samples at different ZnO con-
tents. The original fabric was interwoven smoothly. As
shown in Fig. 2b, the SH-ZnO0-PDMS@fabric surface
has a thin film-like rough structure, indicating that
DTMS and PDMS have successfully constructed some
micro- and nanorough structures on the fabric surface
and also reduced its surface energy. Subsequently, with
the introduction of ZnO, the surface of modified
fabrics had an increasingly visible micro- and nanos-
tructure (Fig. 2c–f). Among them, the SH-ZnO3-
PDMS@fabric surface had the most obvious coral-like
rough structure (Fig. 2e), which together with PDMS
and DTMS imparted superhydrophobicity to the
material. It was worth noting that if too little or too
much ZnO was introduced, it led to a decrease in

Fig. 3: Water contact angle and rolling angle at different ZnO content
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roughness (Fig. 2c, d, f). In addition, the EDS images
of SH-ZnO3-PDMS@fabric showed that the surface
contained the four main elements of C, O, Si, and Zn,
which demonstrated the successful attachment of
DTMS, PDMS, and ZnO to the fabric (Fig. 2g, h).

Water contact angle tests of the superhydrophobic
fabrics

It is well known that surface roughness is an important
indicator of a material’s hydrophobic properties.52

Fig. 4: Photographs of (a) pure water and (b) various droplets (salt water, albumin, methylene blue dyed water, milk, solvent
droplets with different pH values placed on the surface of SH-ZnO3-PDMS@fabric; photographs of SH-ZnO3-PDMS@fabric;
(c) immersed in water with silver-like mirror phenomenon; (d) with low adhesion to water droplets and (e) water ejection

Fig. 5: (a-b) Self-cleaning behavior of SH-ZnO3-PDMS@fabric; (c) self-cleaning schematic; (d-e) antipollution capability of
SH-ZnO3-PDMS@fabric

J. Coat. Technol. Res.



It has been confirmed that different contents of ZnO
had the effect on the roughness of SH-ZnO-PDMS@-
fabric. Next, in order to explore the effect of ZnO
content on fabric wettability, we tested the contact
angle and rolling angle of the samples with different
ZnO content. For the sample of SH-ZnO0-PDMS@-
fabric without ZnO, its water contact angle and rolling
angle were 139� and 28.5�, respectively, which could
not reach the superhydrophobic standard of materials.
Although DTMS and PDMS provide low surface
energy materials for the sample, due to the lack of
micro-nanorough structure on the surface, there is a
large contact area between the water droplets and the
sample, and under the action of surface tension, the
water droplets and the sample surface have a large
adhesion effect. This wetting behavior can be ex-
plained by the Cassie–Baxter model. The Cassie–
Baxter equation is cosh * = rfcosh + f � 1. The large
contact area between water droplets and the surface of
SH-ZnO0-PDMS-fabric results in a contact angle of
less than 150� for the fabric. With the addition of ZnO,
micro- and nanogeometric structures are constructed
on the fabric surface. The contact area between water
droplets and the fabric surface decreases; thus, the
contact angle of fabric was bigger than 150�. As shown
in Fig. 3, with the increase of the amount of ZnO, the
greater the contact angle, the smaller the rolling angle
of the samples, and the better the hydrophobic perfor-
mance presented in the samples, which was caused by

the increase of surface roughness. However, the
excessive addition ZnO into ZnOSH-ZnO4-PDMS@-
fabric caused a slightly lower hydrophobic perfor-
mance than SH-ZnO3-PDMS@fabric, probably due to
the excess accumulation of SH-ZnO on the fabric
surface that reduced the surface roughness of the
fabric. The results showed that SH-ZnO3-PDMS@
fabric had the best wettability with a high contact angle
of 156.5� and a rolling angle of 6.5�.

Stability study of SH-ZnO3-PDMS@fabric

Further, the static/dynamic wettability properties of
the superhydrophobic cotton fabrics were used to
analyze the surface wettability. As displayed in Fig. 4a
and b, droplets of pure water show spherical shapes on
the SH-ZnO3-PDMS@fabric, and droplets of protein,
brine, water stained by methylene blue, milk, etc., show
spherical shapes, and droplets of pH 1 and 14 also show
spherical shapes on the SH-ZnO3-PDMS@fabric.
These results all show that the SH-ZnO3-PDMS@fab-
ric has good hydrophobicity not only for pure water
but also for various other water-containing droplets,
which proves that superhydrophobic fabrics have good
hydrophobicity. This demonstrates the general
hydrophobicity of superhydrophobic fabrics for all
kinds of droplets. Interestingly, a distinct silver mirror
phenomenon was observed after immersing the

Fig. 6: (a) Photographs of sandpaper abrasion experiments; (b) Water contact angle of SH-ZnO3-PDMS@fabric, SH-
ZnO3@fabric at different friction times; (c) Water contact angles of SH-ZnO3-PDMS@fabric and SH-ZnO3@fabric at different
sonication times; Water contact angle and rolling angle of superhydrophobic SH-ZnO3-PDMS@fabric after (d) immersion in
different pH solutions and (e) different times of UV irradiation
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SH-ZnO3-PDMS@ fabric into water (Fig. 4c). This was
because when the superhydrophobic fabric was pressed
into water by an external force, the air was carried into
the water by the voids in the micro- and nanorough
structure of the fabric surface to form an air film
between the fabric surface and the water, which was
refracted under light illumination. In addition, we used
a syringe to control the contact of water droplets with
the SH-ZnO3-PDMS@ fabric surface to evaluate the
strength of the adhesion between them (Fig. 4d).
Obviously, water droplets squeezed onto the fabric
surface could be completely absorbed by the syringe,
indicating weak adhesion of SH-ZnO3-PDMS@ fabric
to the water droplets, attributed to the low surface
energy and high roughness of the superhydrophobic
fabric surface. What is more, Fig. 4e shows that the
water stream bounced away to form a certain angle
after being shot to the surface of SH-ZnO3-PDMS@-
fabric, which proved that SH-ZnO3-PDMS@fabric had
an ejection property to the water stream.

Self-cleaning performance
of SH-ZnO3-PDMS@fabric

Self-cleaning performance is an important inherent
ability of superhydrophobic materials, which confers
the property that superhydrophobic materials are not
easily contaminated by dust and water bodies during
use. Therefore, we used carbon ash as a simulated
contaminant to verify the self-cleaning performance of
superhydrophobic SH-ZnO3-PDMS@fabric (Fig. 5).
First, the carbon ash was sprinkled on the tilted sliding
plate attached with the original fabric and SH-ZnO3-
PDMS@ fabric closely so that a small amount of
charcoal ash was randomly distributed on the surface
of the fabric, and then water was slowly dripped onto
the surface of the fabrics. As shown in Fig. 5a, the
original fabric was gradually wetted by the water
droplets, and most of the carbon ash was adsorbed on
the fabric surface and contaminated the original fabric.
On the contrary, water droplets formed spheres on the
surface of SH-ZnO3-PDMS@fabric and rolled down,
adsorbing and carrying charcoal ash, allowing the SH-
ZnO3-PDMS@ fabric to return to a clean state
(Fig. 5b). A diagram of self-cleaning is shown in the
diagram (Fig. 5c). In addition, to verify whether the
superhydrophobic SH-ZnO3-PDMS@fabric maintains
self-cleaning in complex water environment, the orig-
inal fabric and superhydrophobic SH-ZnO3-PDMS@-
fabric were completely immersed in methylene blue
(MB) aqueous solution, and then removed to observe
whether the fabric was contaminated. As shown in
Fig. 5d, the initial fabric was rapidly soaked and
contaminated by methylene blue solution. By contrast,
SH-ZnO3-PDMS@ fabric was not only not wetted by
the dyeing solution but also not contaminated after
removal due to its excellent hydrophobic property
(Fig. 5e). The above experimental results confirmed
that the superhydrophobic SH-ZnO3-PDMS@fabric

had good hydrophobic property, which played a crucial
role in the antifouling behavior.

Durability evaluation of SH-ZnO3-PDMS@fabric

In practical applications, superhydrophobic materials
often face harsh usage environments. To characterize
the stability and robustness of superhydrophobic
materials, the robustness of superhydrophobic materi-
als was investigated using harsh conditions such as
mechanical abrasion, physical ultrasonics, chemical
corrosion, and UV irradiation. As shown in Fig. 6a, a
30 mm 9 30 mm square of SH-ZnO3-PDMS@fabric
was moved in one direction on 600 grit sandpaper at a
pressure of 100 g. The movement of 10 cm was
recorded was one cycle. It is noteworthy that the
WCA of the fabric surface remained at around 147�
after 100 cycles (Fig. 6b). This showed that the SH-
ZnO3-PDMS@fabric has good abrasion resistance.
Furthermore, we verified that PDMS enhanced the
adhesion between the fabric and SH-ZnO, which, as
shown in Fig. 6b, had lost its superhydrophobic
properties after 10 cycles of abrasion. Since SH-ZnO
was mostly physically adsorbed to the fabric, PDMS
has good adhesive ability, thus enhancing the adhesion
of SH-ZnO to the fabric.

Moreover, the SH-ZnO3-PDMS@fabric still exhib-
ited good superhydrophobicity after 120 min of soni-
cation treatment, while the modified fabrics without
PDMS quickly lost their superhydrophobicity, again
indicating that PDMS enhanced the stability of the
modified fabrics (Fig. 6c). Figure 6d records the
changes in WCA and SA of the modified fabrics after
24 h soaking at different pHs, showing that the
modified fabrics still exhibit good hydrophobicity in
both acid and alkaline solutions (WCA > 146.9�,
SA < 16.7�). In addition, the WCA remained above
150� and the roll angle below 16� after the modified
fabrics were exposed to UV light for 24 h (Fig. 6e).
Thus, this superhydrophobic fabric has good stability
and durability, which can significantly extend its use in
harsh conditions.

Application of SH-ZnO3-PDMS@fabric
in oil–water separation

The SH-ZnO3-PDMS@fabric is superhydrophobic and
is expected to achieve good oil–water separation
efficiency. Figure 7a shows the selective adsorption of
oil by the fabric. When the fabric comes into contact
with the oil, the oil is rapidly absorbed and the oil–
water mixture becomes clean and transparent. Fur-
thermore, Fig. 7b shows the gravity oil–water separa-
tion process of SH-ZnO3-PDMS@fabric. When the oil–
water mixture was poured into the oil–water separation
unit, the water (methylene blue dyeing) was com-
pletely retained in the upper container, while the oil
(Sudan III dye) was rapidly collected by the lower
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container through the superhydrophobic fabric, thus
achieving an effective oil–water separation.

The separation of petroleum ether–water and n-
hexane–water was tested using a similar apparatus. It
was worth noting that both petroleum ether and n-
hexane were less dense oils than water, and the oil–
water mixture should be poured slowly during the oil–
water separation process to ensure that the oil first
contacts the superhydrophobic fabric, collected by the
lower device. The oil–water separation efficiency and
separation flux of SH-ZnO3-PDMS@fabric are shown
in Fig. 7c. Although the superhydrophobic fabric
absorbs part of the oil and the oil is volatile, making
the mass of oil decrease during the weighing process,
the separation efficiency of superhydrophobic materi-

als still exceeded 95.5%. These results demonstrated
that SH-ZnO3-PDMS@fabric has high separation effi-
ciency. SH-ZnO3-PDMS@fabric showed different
fluxes for the three oils due to the different densities
and viscosities of the different oils. Among them, the
methylene chloride flux was as high as 20000
LÆm�2Æh�1. Next, 10 consecutive oil–water separation
cycles were tested for methylene chloride/water mix-
ture (Fig. 7d). After 10 separation cycles, the separa-
tion efficiency of SH-ZnO3-PDMS dropped from
96.1% to 91.5%, due to residual oil stained on the
fabric. Additionally, the separation efficiency for the 10
consecutive separation cycles was maintained above
90%, indicating that the modified fabric has good
separation cycling performance. Therefore, the pre-

Fig. 7: (a) Selective absorption of Sudan III-stained dichloromethane in the aqueous phase by SH-ZnO3-PDMS@fabric. (b)
Gravity oil–water separation process for water and dichloromethane. Water was stained with methylene blue and
dichloromethane was stained with methyl red for clear observation; Separation efficiency and flux of superhydrophobic SH-
ZnO3-PDMS@fabric for (c) different oil/water mixtures and (d) dichloromethane/water after 10 consecutive separation
cycles
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pared superhydrophobic SH-ZnO3-PDMS@fabric had
excellent performance and could be used as oil–water
separation membrane material.

Photocatalytic performance
of SH-ZnO3-PDMS@fabric

Rapid industrial development has led to huge effluent
discharges, and the treatment of this polluted water has
become imminent. Figure 8a shows the degradation of
the MB solution by SH-ZnO3-PDMS@fabric. Aqueous
methylene blue (MB) solutions were chosen to simu-
late contaminated water sources to evaluate the
photocatalytic performance of the superhydrophobic
SH-ZnO3-PDMS@fabric. SH-ZnO3-PDMS@fabric
wetted with ethanol was immersed in MB solution
(5 ppm) and irradiated under UV. The absorption
intensity of MB solution was measured by UV spec-
trophotometry, and the results are shown in Fig. 8a.
With the prolongation of light exposure time, the UV
absorption peak of methyl bromide gradually de-
creased, and the color of MB aqueous solution grad-
ually faded, which means that MB was degraded under

light. It showed that SH-ZnO3-PDMS@fabric had a
good degradation effect.

The outstanding photocatalytic activity of SH-
ZnO3-PDMS@fabric is related to the deposition of
the indicated ZnO. ZnO is highly oxidizing and
promotes the transfer of electrons from the valence
band (VB) to the conduction band (CB) and the
generation of electron holes, the photogenerated
electrons on CB which react with oxygen to form
superoxide radicals, and the photogenerated electrons
on VB which react with water to form hydroxyl
radicals. Due to the super oxidation of superoxide
radicals and hydroxyl radicals, the most organic can be
oxidized to the end products CO2 and H2O. Therefore,
nano-ZnO has good photocatalytic properties and can
be used to degrade organic pollutants.53

The prepared superhydrophobic SH-ZnO3-
PDMS@fabric was self-cleaning and can clean the
surface dust under water rinsing, and keep itself clean
in MB solution. However, SH-ZnO3-PDMS@fabric
was easy to absorb oil and be polluted by oil. When
contaminated by easily volatile oils, such as methylene
chloride and hexane, the method of heating can make
the oil volatilize at high-temperature to realize the
cleanliness of the fabric and restore the superhy-

Fig. 8: (a) Photographs of color change and UV spectra of MB solution irradiated under UV light for different times; (b)
Water contact angle of superhydrophobic fabric before and after contamination by oleic acid and before and after UV light
irradiation
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drophobicity of the fabrics. However, it is difficult to
achieve the same effect with high-temperature treat-
ment for oil that is difficult to volatilize. We expect that
the adsorbed oil would be degraded by photocatalysis,
thus restoring the material’s self-cleaning ability.

The superhydrophobic SH-ZnO3-PDMS@fabric
contaminated with oleic acid (OA) was selected for
simulation experiments to measure the water contact
angle before and after contamination or UV irradia-
tion (Fig. 8b). The water contact angle of the uncon-
taminated fabric was 155�, indicating that the modified
fabric was superhydrophobic. When impregnated with
oleic acid, the contact angle decreased to 113� and lost
the superhydrophobic property because the micro-
nanostructure and hydrophobic groups on the fabric
surface were covered by oleic acid. We placed the oil-
contaminated fabric under UV irradiation for 24 h, and
the fabric recovered the superhydrophobic property
with a contact angle of 154�. The superhydrophobic
SH-ZnO3-PDMS@fabric could degrade the oleic acid
on its surface under UV light induction, thus re-
exposing the micro-nanostructure and hydrophobic
groups and exhibiting superhydrophobicity again. The
superhydrophobic SH-ZnO3-PDMS@fabric showed
good photocatalytic self-cleaning properties.

Conclusions

In summary, we prepared a robust, photocatalytic
superhydrophobic material of SH-ZnO3-PDMS@fabric
by a simple two-step immersion method. The SH-
ZnO3-PDMS@fabric had good superhydrophobic
properties (contact angle up to 156.5� and roll angle
of 6.5�), good environmental stability, excellent self-
cleaning properties, and the ability to keep itself clean
in polluted water and clean itself under the rinsing of
water droplets solid contaminants on the surface. In
addition, SH-ZnO3-PDMS@fabric displayed excellent
oil–water separation performance (separation effi-
ciency up to 95.5%), good photocatalytic performance
(methylene blue in water is basically degraded com-
pletely under UV irradiation for 12 h), and superior
photocatalytic self-restoring property. SH-ZnO3-
PDMS@fabric provided a feasible method for con-
structing superhydrophobic materials with environ-
mental durability, photocatalytic property, and self-
cleaning property.
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