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Abstract A one-pot sonochemical irradiation method
was developed for the fabrication of superhydrophobic
and superoleophilic cotton fabric from a solution
consisting of branched silica nanoparticles and
tetraethoxysilane-dodecyltrimethoxysilane sol. The sil-
ica/sol-coated cotton fabric could be wetted by liquids
of low surface tension, but was water repellent with a
water contact angle of 159 ± 1.2� and water shedding
angle of 6 ± 0.8�. The as-prepared cotton fabric could
be used as effective materials for the separation of oil
from water with separation efficiency as high as 98.2%
and maintained separation efficiency above 94% after
30 separation cycles for the kerosene-water mixture.
Moreover, the superhydrophobic and superoleophilic
cotton fabric could maintain stable superhydrophobic-
ity after treatment with strong acidic and alkali
solutions, and harsh mechanical damage. Therefore,
this reported robust superhydrophobic cotton fabric
exhibits encouraging practical application for oil-water
separation.

Keywords Superhydrophobic, Superoleophilic,
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Introduction

With the development of industrial productions, as
well as frequent offshore oil exploration, production,
and transportation, the leakage of oil and fuel has
become one of the most serious environmental prob-
lems.1,2 Oil-polluted water includes numerous toxic
compounds, which result in a disastrous threat to the
marine and aquatic ecosystems. Therefore, cleaning up
oil spills from water is attracting worldwide attention.
In past, several conventional methods involving oil
skimmers, direct burning, oil containment booms, and
chemical degradation were applied.3–6 However, these
techniques generally showed some common drawbacks
such as large floor space, time-consuming procedures,
and low separation efficiency.

Recently, solid materials with special wettabilities
and microscale-nanoscale binary structures have re-
ceived considerable interest for oil-water separation.7–9

To overcome the drawbacks of the general oil-water
separation methods, materials that simultaneously dis-
play reverse wettability such as superhydrophobic-
superoleophilic or superhydrophilic-superoleophobic
properties have been investigated as ameans to separate
oil and water.10–12 These materials can selectively
absorb either oil or water while simultaneously repelling
another liquid, thus facilitating separation of the two
immiscible liquids with high efficiency.13,14 Quite a few
of such functional materials were developed for the
separation of oil from water, including sponges and
foam-based materials,15–17 carbon-based materials,18–20

mesh-membranematerials,21–24 and filter paper.25How-
ever, challenges still existed for the large-scale fabrica-
tion of such functional materials because of their high
cost, low commercial availability of rawmaterials, time-
consuming procedures, harsh practical conditions, as
well as poor mechanical stability, and weak flexibility.
Therefore, it is necessary to explore facile, low-cost
methods for preparing such materials.
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Cotton fabric, a kind of soft and flexible organic
material, exhibits excellent comprehensive character-
istics like nontoxicity, porous surface, high absorption
ability, good elasticity, and easily scalable fabrication.
Therefore, cotton fabric is considered to be a good
candidate to realize the separation of oils from water
after constructing a rough microstructure on fabric
surfaces with both superhydrophobic and super-
oleophilic properties. Recently, a variety of methods
were developed to fabricate superhydrophobic fabrics,
such as drop coating,26,27 grafting polymerization,28

hydrothermal process,29 sol-gel method,30,31 chemical
vapor deposition,32 and so forth.33,34 For practical
applications, harsh environments like strong light, high
temperature, mechanical abrasion or corrosive solution
may damage the surface coatings of cotton fabric
easily; thus, the stability of the as-prepared superhy-
drophobic cotton fabrics is critically important. Hence,
polymer binders and silica bridges through sol-gel
reactions were utilized in order to improve the envi-
ronmental durability of superhydrophobic fab-
rics.30,35–37 Nevertheless, the fabrication of
superhydrophobic fabrics was often complicated and
not cost-efficient.

Sonochemical irradiation has been proven as an
effective technique for the deposition and insertion of
nanoparticles on fabrics.38,39 In this work, we report on
a facile and simple one-pot sonochemical irradiation
method to fabricate the silica/sol-coating on the cotton
fabrics. The as-prepared cotton fabric exhibited dur-
able superhydrophobic and superoleophilic properties
with rough hierarchical structure and low surface
energy, which were derived from the assembly of
branched silica nanoparticles and the hydrolysis
and condensation of tetraethoxysilane-dode-
cyltrimethoxysilane (TEOS/DTMS) sol. Due to its
reverse wettability, the superhydrophobic and super-
oleophilic cotton fabric could capture oils from water
and be used as effective materials for the separation of
oil from water with high separation efficiency and good
reusability. In addition, the as-prepared robust cotton
fabric could remain superhydrophobic after various
harsh treatments such as immersion in corrosive
solutions (acidic, basic liquids), and harsh mechanical
damage (adhesive tape and sandpaper abrasion tests).
These excellent properties make the superhydrophobic
fabric an ideal material for oil-water separation even
under harsh conditions.

Experimental

Materials

Branched silica nanoparticles (30 wt%) dispersed in
ethanol were supplied by Nanjing Dongjian Biological
Technology Co., LTD. XRD results indicate that the
branched silica nanoparticle had amorphous structure
(Fig. S1, Supporting Information). Dodecyltrimethoxysi-

lane (DTMS, 99.5%) was obtained from Alfa Aesar.
Kerosene and soybean oil were commercial products.
Tetraethoxysilane (TEOS), sodium hydroxide (NaOH),
ammonia solution (25%), ethanol, n-hexadecane, chlo-
roform, hexane, and toluene were purchased from
Sinopharm Chemical Reagents and used without further
purification. Desized, scoured, bleached, and mercerized
woven pure cotton fabrics, weight per unit area
245.6 gm�2, were purchased from a local market, and
were ultrasonically cleaned before usage with ethanol
and ultrapure water to remove possible impurities.

Fabrication of superhydrophobic cotton fabric

In a typical procedure to prepare the superhydropho-
bic cotton fabric, the cotton fabrics were first immersed
in the 5 wt% aqueous NaOH solution for 10 min at
room temperature followed by rinsing with ultrapure
water. Then, ethanol (60 mL), ultrapure water (6 mL),
ammonia solution (3 mL), and 0.75 g of branched silica
nanoparticles ethanol solution were mixed by magnetic
stirring at room temperature for 15 min. TEOS
(0.3 mL) and DTMS (0.15, 0.3, and 0.45 mL) were
slowly added into the mixture and stirred at room
temperature for 15 min. Subsequently, the pretreated
cotton fabric was immersed into the mixture and
treated with a KQ-200KDE ultrasound instrument
from Kunshan ultrasonic instruments Co. LTD (China)
for 2 h. After reaction, the sample was removed from
the solution and thoroughly washed with ethanol and
then annealed at 60�C for 1 h to remove the residual
solvent and cure the particulate films. For comparison,
one reference cotton fabric sample was fabricated by
reaction of the cotton fabric with branched silica
nanoparticles and TEOS/DTMS under magnetic stir-
ring without sonication, to highlight the effects of the
reaction conditions on the wetting properties of the
cotton fabric.

Stability tests of the superhydrophobic fabrics

To investigate the durability of a resultant superhy-
drophobic fabric, continuous immersion into corrosive
solutions, adhesive tape tear and sandpaper abrasion
tests were carried out. The superhydrophobic cotton
fabric was fixed on the surface of a glass slide and then
immersed in a solution with different pH values. After
immersion for 6 h, the cotton fabric was dried in an
oven and the water contact angles and water shedding
angles of the cotton fabric were recorded accordingly.
Tear test was carried out by pasting an adhesive tape
on the fabric surface at 2.5 kPa and then peeling off.
This process was repeated 30 times, and the corre-
sponding water contact angle and water shedding
angles after each five cycles were recorded. Sandpaper
abrasion test was carried out according to a previously
reported method.35,40 The superhydrophobic cotton
fabric (2 9 2 cm2) was fixed onto the bottom of a
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stainless steel column and moved back and forth on the
2000 mesh sandpaper at 2.5 kPa. The move speed and
abrasion length were about 3 cm s�1 and 20 cm in each
cycle, respectively.

Characterizations

The morphology of branched silica nanoparticles was
investigated using a Jeol-7500F field-emission scanning
electron microscope (FE-SEM) operated at 20.0 kV.
The surface morphology and chemical composition of
cotton fabrics were investigated by a 3400-I scanning
electron microscope (SEM) operated at 15 kV. The
powder X-ray diffraction (XRD) pattern of branched
silica nanoparticles was characterized by a Bruker
AXS D8-FOCUS X-ray diffractometer. FTIR spectra
were recorded on a Thermo Nicolet iS10 spectropho-
tometer with a scanning range of 500–4000 cm�1.
Elemental information on the modified silica nanopar-
ticles was obtained using Thermo VG ESCALab-250
X-ray photoelectron spectroscopy (XPS). Water and
oil contact angles were characterized using a KRÜSS
DSA100 drop shape analysis instrument at ambient
temperature by sessile drop method. Each liquid
droplet was 10 lL. Each contact angle value was a
statistic average of five measurements on different
positions of the fabric surface. Water shedding angle
was measured based on the literature41 using a 10 lL
water droplet. The testing was repeated five times for
each sample, and the average water shedding angle was
obtained.

Results and discussion

Fabrication of superhydrophobic cotton fabrics

The schematic illustration of the fabrication of super-
hydrophobic cotton fabrics via a one-pot sonochemical
irradiation process is illustrated in Fig. 1a. In this study,
a kind of branched silica nanoparticle was utilized as a
building block to construct the porous nanostructure
on the cotton fabrics. The branched silica nanoparticles
appeared as the aggregation of primary spherical
nanoparticles (diameter of 40–50 nm) and thus pos-
sessed several arm-like branches (Fig. 1b). A loosely
packed structure with nanopores could be formed after
solvent evaporation of the branched nanoparticles
ethanol solution (Fig. 1c), which is beneficial for
building the rough structure on the fabric surface. A
number of hydroxyl groups are present on the
branched SiO2 nanoparticles surface. It is necessary
to modify the branched SiO2 nanoparticles with
hydrophobic material to obtain superhydrophobicity.
In addition, to improve the durability of superhy-
drophobic coatings, connection of the branched SiO2

nanoparticles and the cotton fabric, and the neighbor-
ing nanoparticles with functional groups is equally
important. In this study, TEOS and DTMS were mixed
with the branched SiO2 nanoparticles and NaOH
pretreated cotton fabric in an ammonia-ethanol solu-
tion. The NaOH solution pretreatment improved the
accessibility of hydroxyl groups of cotton fiber due to
the disruption of the interchain hydrogen bonds of
cellulose.42 With the catalysis of ammonia, TEOS and
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Fig. 1: (a) Schematic illustration of the fabrication of superhydrophobic cotton fabrics through a one-pot process. (b) FE-
SEM image of the as-received branched silica nanoparticles. (c) FE-SEM image of the porous nanostructure of branched
silica nanoparticles
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DTMS formed polymer sol after the hydrolysis and
partial condensation and reacted with the hydroxyl
groups on the silica nanoparticles and fiber surfaces
under ultrasonic irradiation.

Surface morphology and structure of
superhydrophobic cotton fabrics

Figure 2 shows the SEM images of the cotton fabrics
before and after being treated with branched silica
nanoparticles and TEOS/DTMS sol solution under a
sonochemical irradiation process. As shown in Figs. 2a
and b, the pristine cotton fabric before the treatment
showed a highly textured microscale fiber with a
relatively smooth surface and evident grooves along
the fiber. However, the fibers after being treated with
silica nanoparticles-sol solution demonstrated a rough
structure (Figs. 2c and d). The low-magnification
image (Fig. 2c) indicates that the SiO2 nanoparticles
covered all the fibers and aggregated around the
grooves between neighboring fibers of fabrics due to
the assembly of branched silica nanoparticles. A high-
magnification SEM image (Fig. 2d) shows that the
branched SiO2 nanoparticles with TEOS/DTMS sol
were aggregated on the fiber surface, leading to the
microscale-nanoscale roughness. Such hierarchical
microscaled-nanoscaled roughness is essential for the
water repellency of the cotton fabrics. For the
branched SiO2 nanoparticles and TEOS/DTMS-trea-

ted fabric in the absence of sonication irradiation, the
SEM image was also obtained, as shown in Fig. S2
(Supporting Information). It was found that the par-
ticles were agglomerated and randomly distributed in
the spaces of interfibers of fabrics, while the fiber
surface was uncovered with particles. This result
demonstrated that sonication treatment played an
effective role in the formation of homogeneous coating
on the fibers. In ultrasonic irradiation the reaction
mixture caused two primary effects, which involved
heating and acoustic cavitation (bubble formation,
growth, and collapse). When the acoustic cavitation
bubbles collapsed near the surface of the cotton fiber,
the strong shock waves and the microjets formed and
caused effective stirring-mixing of the mixture. In our
case, the ultrasonic waves promoted fast migration of
the silica nanoparticles to the fiber surface. In addition,
the powerful ultrasonic waves might have caused local
melting of the fibers at the contact sites, which might
be the reason why the particles strongly adhered to the
fabric.43

The chemical structure of the branched SiO2

nanoparticles with and without TEOS/DTMS sol was
characterized by FTIR and XPS (Fig. 3). Figure 3a
shows FTIR analysis of particles. For the TEOS/DTMS
sol-modified SiO2 nanoparticles, the peaks at 2921,
2851, and 1465 cm�1 corresponding to the stretching
and bending of CH2 groups appeared, while they were
absent in the spectrum of the pure branched SiO2

nanoparticles. Figure 3b shows the XPS spectrum of

Fig. 2: SEM images of (a, b) the pristine cotton fabric and (c, d) the as-prepared superhydrophobic cotton fabric. Insert in
(d) is the high-magnification SEM image of superhydrophobic cotton fabric
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the modified SiO2 nanoparticles. The peaks corre-
sponding to O1s, C1s, and Si2p appeared, indicating
that the modified SiO2 nanoparticles were mainly
composed of oxygen, carbon, and silicon. This was in
accordance with the FTIR results and demonstrated
that the hydrolyzed DTMS reacted with the SiO2

nanoparticles.

Wettability of superhydrophobic cotton fabrics

Generally, the wetting behavior of a solid surface is
governed by its surface chemistry and surface rough-
ness, represented by dual-scale structures. Cotton
fabrics used in this work are porous and rough
substrate, which have interwoven bundles of fibers.
Each bundle contains several layers of individual
micrometer-sized fibers. Therefore, microscale rough-
ness is naturally provided by cellulose fiber and further
nanoscale roughness is necessary for the formation
superhydrophobic surface. In addition, low surface
energy material is needed for its conversion into the
superhydrophobic surface. Here, as shown in SEM
photographs, FTIR, and XPS, the nanoscaled rough-
ness and low surface energy coating were formed
through the deposition of branched SiO2 nanoparticles
on the surface of cellulose fiber along with the
hydrolysis and condensation of DTMS.

In order to characterize the superhydrophobic and
superoleophilic properties of the coated cotton fabric
(TEOS 0.3 mL and DTMS 0.3 mL in the presence of
the brunched silica nanoparticles), we measured the
contact angles at room temperature from 10 lL liquids
of different surface tension, including water (c = 72.8
mN m�1) and n-hexadecane (c = 27.5 mN m�1). How-
ever, the contact angle measurement of the superhy-
drophobic fabric is often not accurate and
straightforward. It is usually difficult to determine the
outline of the water droplet because the fabric surfaces

are macroscopically rough. Therefore, the water shed-
ding angle technique41 was employed to evaluate the
wetting properties of superhydrophobic fabrics in a
relatively accurate way besides the contact angle
measurement in this study.

Due to the presence of abundant hydroxyl groups
on the cellulose fibers, the pristine cotton fabric was
superamphiphilic. As seen in Fig. 4a, water and n-
hexadecane spread quickly on the fabric surface and
were absorbed totally. After coating the fabric with the
nanoparticles and sol, the water droplet stood on the
cotton fabric surface like a ball and was easy to slip off.
However, n-hexadecane was immediately absorbed by
the coated cotton fabric (Fig. 4b). The cotton fabric
surface exhibited superhydrophobicity with a water
contact angle of 159 ± 1.2� and a water shedding angle
of 6 ± 0.8� (Fig. 4c). For n-hexadecane, the contact
angle was nearly 0�, indicating the good super-
oleophilicity of the coated cotton fabric (Fig. 4d). For
comparison, the wetting properties of the cotton fabric
fabricated without sonication treatment were investi-
gated. In this case, the water droplets on the fabric
surface were adsorbed and disappeared in seconds,
indicating the weak hydrophobicity, which demon-
strated the substantial effect of sonication in obtaining
superhydrophobicity. In addition, altering the amount
of DTMS introduced in the reaction system while
maintaining the amount of TEOS constant, it was
found that the volume ratio of DTMS/TEOS had a
significant effect on the water contact angle and water
shedding angle of the fabric (Fig. S3, Supporting
Information). When DTMS and TEOS were mixed in
volume ratio of 1:2 (DTMS 0.15 mL and TEOS
0.3 mL) with the branched SiO2 nanoparticles, the
average water contact angle was about 142 ± 1� and
water shedding angle was about 23 ± 0.9�, showing
high hydrophobicity, but not superhydrophobicity.
When the ratio was increased to 1:1 (DTMS 0.3 mL
and TEOS 0.3 mL), the fabric exhibited superhy-
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drophobicity. A further increase in the amount of
DTMS had little effect on the water contact angle and
water shedding angle. This might be because the
surface of the rough hierarchical-structured fabric
was nearly saturated by the induced long-chain
hydrophobic alkyls of DTMS. Therefore, we consid-
ered the optimized volume ratio of TEOS to DTMS to
be 1:1 for the fabrication of superhydrophobic cotton
fabric.

Oil-water separation of the superhydrophobic
cotton fabric

The phenomena of water repellency and oil absorption
are very important to the oil-water separation of
superhydrophobic cotton fabric. The superhydropho-
bic cotton fabric could selectively absorb oil as shown
in Fig. 5. We poured some water into a Petri dish and
added soybean oil (dyed with Oil Red O) to form a
thin layer, and then floated a piece of treated cotton
fabric on the liquid surface. The oil was completely
removed within a few seconds, as shown in Fig. 5a. The
soybean oil sorption capacity of the treated cotton
fabric was 1.16 g/g. Besides, the capture and trans-
portation of organic chemicals that had higher densi-
ties than water (in this case chloroform, dyed with Red
oil O) were also performed using the superhydropho-
bic cotton fabric. When the superhydrophobic cotton
fabric was immersed underwater to contact with
chloroform, the chloroform droplet was immediately
sucked in by the fabric (Fig. 5b).

To investigate the separation capability of the
superhydrophobic cotton fabric, an oil-water separa-
tion experiment was performed by fixing the superhy-
drophobic cotton fabric between two glass tubes as a
filter membrane, as shown in Fig. 6a and Movie S1
(Supporting Information). When the oil-water mixture
(kerosene-water mixture) was poured into the simple
device continuously, oil passed through the cotton
fabric and dropped into the beaker underneath, while
water was retained above the surface. Thus, the oil-
water mixture was separated successfully by a simple
filtering method with an oil (kerosene) penetration flux
of 3.54 L s�1 m�2. The oil penetration flux was
obtained by calculating the volume of the oil through
a certain size of the coated fabric within a certain
period of time for several times.11 In order to under-
stand the oil-water mixture separation mechanism of
the superhydrophobic and superoleophilic cotton fab-
ric, the schematic diagram of the oil-water mixture
separation process is shown in Fig. 6b. Before separa-
tion, when a water droplet was put onto the superhy-
drophobic fabric, a small amount of air was trapped in
the microstructures and formed an air bubble on the
fabric. Thus, the water droplet could easily move away
from the fabric, while the oil droplet could quickly
penetrate the as-prepared superoleophilic fabric, and
there was no air bubbles on the fabric, because oil was
trapped in the microstructures of the fabric. When the
oil-water mixture was poured onto the fabric surface,
the superoleophilic fabric could absorb oil and be
quickly saturated by the oil in all the contact areas,
resulting in a stable water-oil-solid tri-phase inter-

Fig. 4: Photographs of water and n-hexadecane (oil) droplets on the surface of the pristine (a) and as-prepared cotton
fabrics (b). Images of oil (c) and water (d) contact angles on the surface of the as-prepared cotton fabrics
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face.11 As a result, oil permeated through the coated
fabrics owing to the rough hierarchical-structured
fabric fibers and their spacing, whereas the water stays
on the fabric surface because of the silica nanoparticles
and TEOS/DTMS sol-induced superhydrophobicity.
Therefore, the as-prepared superhydrophobic and
superoleophilic fabrics could be used effectively for
the separation of oil and water.

Separation efficiency was calculated by the weight
ratio of oil after and before the separation process.
Five kinds of oil-water mixtures (kerosene-water,
soybean oil-water, chloroform-water, hexane-water,
and toluene-water) were used in the separation exper-
iment. As provided in Fig. 6c, the fabricated superhy-
drophobic cotton fabric demonstrated separation
efficiency higher than 95% for all the five kinds of
oil-water mixtures. The reusability of the superhy-
drophobic cotton fabric is an important criterion in
practical application. In this paper, the oil-contami-
nated cotton fabrics were cleaned with ethanol and
dried for reuse after each oil-water separation cycle.
The relationship between separation efficiency and
cycle numbers of kerosene-water separation is given in
Fig. 6d. The separation efficiency decreased with the
increase in separation cycles. However, after 30 sepa-
ration cycles, the superhydrophobic cotton fabric still
possessed high separation efficiency up to 94% for the
kerosene-water mixture, revealing the reusability of
the modified cotton fabric was excellent.

In addition, intrusion pressure of water was intro-
duced to study the separation stability of the as-
prepared cotton fabric. The intrusion pressure of water
is determined by the maximum height of water that the
as-prepared superhydrophobic cotton fabric can sup-

port and the weight of water is also involved. There-
fore, the intrusion pressure (P) value was calculated by
the following equation:

P ¼ qghmax ð1Þ

where q is the density of water (that is, 1 9 103 g m�3),
g is acceleration of gravity (that is, 9.8 m s�2), and hmax

is the maximum height of water that the modified
fabric can support. The hmax of the as-prepared
superhydrophobic cotton fabric was 207 mm (Fig. S4,
Supporting Information), and the intrusion pressure of
water was about 2029 Pa. Water does not flow through
the modified fabric under the pressure. The intrusion
pressures of oils were 0 due to the superoleophilic
property. Consequently, the as-prepared fabric had a
high capability for the separation of a large amount of
oil-water mixtures.

Durability tests of the superhydrophobic cotton
fabric

The chemical stability and mechanical robustness of
the coating are important in real applications. In
general, most of the artificial superhydrophobic and
superoleophilic surfaces have weak chemical stability
and mechanical wear resistance toward corrosive liquid
and external forces treatment, due to the vulnerable
surface texture of superhydrophobic coatings. The
chemical stability of the fabricated superhydrophobic
cotton fabrics was evaluated by exposing them in
ambient air for 3 months and immersing them into
corrosive liquids. After the exposure tests, the super-

Fig. 5: Removal of (a) floating oil (soybean oil, dyed with Oil Red O) on the surface of water and (b) heavy oil (chloroform,
dyed with Oil Red O) under water
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hydrophobic cotton fabric did not show any visible
change, indicating good stability of the superhydropho-
bic cotton fabric. The superhydrophobic cotton fabric
was also immersed in corrosive liquids in the entire pH
range from 1 to 14 for 6 h. The variation of the water
contact angle and the water shedding angle of the
superhydrophobic cotton fabric after being immersed
into corrosive solutions with different pH values was
recorded (Fig. 7). The water contact angle and the
water shedding angle changed little, and there was no

evident change in the surface morphologies of the
treated fabric after immersing them in strong acid and
base liquid (Fig. S5, Supporting Information), indicat-
ing the excellent chemical stability of the silica
nanoparticle-sol coatings.

The mechanical durability of the superhydrophobic
and superoleophilic cotton fabric was assessed by
adhesive tape tear and sandpaper abrasion tests.
Figure 8a depicts the tear process with adhesive tape.
Tear test was completed by peeling off the adhesive

n-hexane kerosene chloroform soybean oil toluene
Oil kinds Cycle numbers

Se
pa

ra
tio

n 
ef

fic
ie

nc
y 

(%
)

80

85

90

95

100

80

85

90

95

100

oil

wateroil
water

Se
pa

ra
tio

n 
ef

fic
ie

nc
y 

(%
)

Adding oil/water mixture Oil permeation and separation

(a)

(b)

(c) (d)

0 5 10 15 20 25 30

Fig. 6: (a) Oil-water separation of the superhydrophobic cotton fabric. (b) Schematic diagram of the oil-water mixture
separation process. Variation of the separation efficiency of the coated fabric with oil kinds (c) and cycle numbers (d)

J. Coat. Technol. Res., 15 (1) 65–75, 2018

72



tape, which was pasted on the superhydrophobic
cotton fabric at 2.5 kpa. Figure 8b shows the variation
of the water contact angles and the water shedding
angles of superhydrophobic fabrics with the number of
peeling. Only a slight decline of the water contact angle
(>154�) and an increase in the water shedding angle
(<10�) were observed after 30 tear test cycles. The
surface morphology of the fabrics after the tear test
still exhibited the rough hierarchical structure (Fig. S6,
Supporting Information), suggesting the strong adhe-
sion of the silica nanoparticle-sol coating on the surface
of the fibers.

To further demonstrate this, the sandpaper abrasion
test was performed (Fig. S3, Supporting Information).
The cotton fabric was fixed onto the stainless steel
column and moved back and forth on sandpaper (2000
meshes) at 2.5 Kpa with a speed and abrasion length of
about 3 cm s�1 and 20 cm in each cycle, respectively.
The change in the water contact angles and the water
shedding angles of the superhydrophobic cotton fabric
with abrasion cycles is shown in Fig. 8c. The water
contact angle decreased, and the water shedding angle
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Fig. 8: (a) Process of adhesive tape test. (b) Water contact angles and water shedding angles of superhydrophobic fabric
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fabrics scratched by the sandpaper and (d) the corresponding separation efficiency of the oil-water mixture

J. Coat. Technol. Res., 15 (1) 65–75, 2018

73



increased gradually with the increase in the abrasion
cycles. After 800 abrasion cycles, the cotton fabric was
still superhydrophobic with water contact angle close
to 150� and the water shedding angle less than 20�. The
rough hierarchical structure of the superhydrophobic
fabric was reserved besides the removal of a small
fraction of SiO2 nanoparticles on the fiber surface after
the abrasion test (Fig. S7, Supporting Information).
The separation efficiency of the oil-water mixture was
decreased during the abrasion test (Fig. 8d), which
might be caused by the residual oil adhering on the
fabric fiber. However, the separation efficiency still
reached 94.5% after 800 abrasion cycles using the
kerosene-water mixture as an example, indicating
superior separation efficiencies for the oil-water mix-
ture after the abrasion test.

Conclusions

In summary, robust and stable superhydrophobic and
superoleophilic cotton fabric with rough hierarchical
structure and low surface energy was prepared using
branched silica nanoparticles dispersed in TEOS/
DTMS sol solution via a versatile and one-pot sono-
chemical irradiation approach. The as-prepared cotton
fabric could selectively remove oils from water with
high separation efficiency. The separation process
could be repeated for at least 30 cycles with separation
efficiency above 94% (kerosene-water mixture),
demonstrating the good reusability. Moreover, the as-
prepared cotton fabric exhibited stable superhydropho-
bicity toward corrosive solutions (acidic and basic
liquids), and harsh mechanical damage (adhesive tape
tear and sandpaper abrasion). Due to the high sepa-
ration efficiency, good reusability, and remarkable
durability, the fabricated functionalized fabrics showed
great potential for the separation of oil spills and other
organic chemicals from water.
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39. Enis, KH, Birer, Ö, Karakus, K, Yıldırım, C, ‘‘Shadow-
Casted Ultrathin Surface Coatings of Titanium and Tita-
nium/Silicon Oxide Sol Particles via Ultrasound-Assisted
Deposition.’’ Ultrason. Sonochem., 31 481–489 (2016)

40. Lu, Y, Sathasivam, S, Song, JL, Crick, CR, Carmalt, CJ,
Parkin, IP, ‘‘Robust Self-Cleaning Surfaces that Function
when Exposed to Either Air or Oil.’’ Science, 347 1132–1136
(2015)

41. Zhang, JP, Seeger, S, ‘‘Polyester Materials with Superwetting
Silicone Nanofilaments for Oil/Water Separation and Selec-
tive Oil Absorption.’’ Adv. Funct. Mater., 21 4699–4704
(2011)

42. Okano, T, Sarko, A, ‘‘Mercerization of Cellulose. I. X-ray
Diffraction Evidence for Intermediate Structures.’’ J. Appl.
Polym. Sci., 29 4175–4182 (1984)

43. Perelshtein, I, Applerot, G, Perkas, N, Wehrschetz-Sigl, E,
Hasmann, A, Guebitz, G, Gedanken, A, ‘‘Antibacterial
Properties of an In Situ Generated and Simultaneously
Deposited Nanocrystalline ZnO on Fabrics.’’ ACS Appl.
Mater. Interfaces, 1 361–366 (2008)

J. Coat. Technol. Res., 15 (1) 65–75, 2018

75


	One-pot fabrication of robust hydrophobia and superoleophilic cotton fabrics for effective oil-water separation
	Abstract
	Introduction
	Experimental
	Materials
	Fabrication of superhydrophobic cotton fabric
	Stability tests of the superhydrophobic fabrics
	Characterizations

	Results and discussion
	Fabrication of superhydrophobic cotton fabrics
	Surface morphology and structure of superhydrophobic cotton fabrics
	Wettability of superhydrophobic cotton fabrics
	Oil-water separation of the superhydrophobic cotton fabric
	Durability tests of the superhydrophobic cotton fabric

	Conclusions
	Acknowledgments
	References




