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Abstract A superhydrophobic/superoleophilic cot-
ton fabric composed of copper—graphite/styrene—bu-
tadiene—styrene (Cu—G/SBS) nanocomposites on the
cellulose fibers has been fabricated and used as a filter
for separation of gas condensates and oily solvents
from aqueous mixture. First, hierarchical flower-like
Cu-G nanocomposites were prepared by controlling
the reduction reaction parameters such as type of
reducing agent, surfactant, reaction time and weight
ratio of copper to graphite. Thereafter, the coating
composition of Cu—G and SBS mixtures were applied
on the surface of cotton fabric by a facile dip-coating
approach. Contact angle analysis of modified cotton
fabric by Cu—-G-SBS composites exhibited water
contact angle and oil contact angle about 152° and
0°, respectively. When the superhydrophobic/super-
oleophilic cotton fabric was employed as a filter to
separate oily solvent from water and high separation
efficiency above 94% with good recyclability and
stability was obtained. The result suggests that as-
fabricated cotton fabric filter can be used for efficient
oil/water separation in industrial applications.
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Introduction

In recent years, superhydrophobic surfaces with a
water contact angle greater than 150° and sliding angle
less than 10° have received more attention due to their
potential applications in areas of self-cleaning, oil/
water separation, anti-fogging, anti-icing, antifouling,
anticorrosion and energy conversion (Cao et al. 2017;
Wu et al. 2019; Uzoma et al. 2019). It is generally
accepted that super water-repellent surfaces are fab-
ricated by a dual combination of micro/nanoscale
surface roughness and low-surface-energy materials
(Cheng et al. 2017; Razmjou et al. 2019). Moreover,
design of hierarchical micro-nanostructures combined
with hydrophobic modifiers can enhance surface
hydrophobicity, because abundant air trapped in the
interface between water and hierarchical substrate can
suspend water droplet upon surface (Su et al. 2015;
Beshkar et al. 2017a, b).

Graphite as a 3D network of carbon atoms arranged
like a honeycomb lattice, due to its excellent electrical,
mechanical, thermal, optical and hydrophobicity
properties, has been extensively used in fuel cells,
shields and electrodes, lithium-ion batteries, lubri-
cants, water purification, electrical products and oil—
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water separation (Jara et al. 2019; Gao et al. 2011;
Bentini et al. 2019). Furthermore, it has been reported
that graphite and its derivatives have some benefits for
preparing superhydrophobic surfaces including inher-
ent hydrophobicity, enhanced surface roughness and
especially generating multifunctional surfaces (Hong
et al. 2012; Gholami et al. 2019). Thus, some attempts
have been made to fabricate graphite-based compos-
ites for improving the performance of superhydropho-
bicity such as octadecylamine-functionalized graphite
oxide, graphite nanoplatelet/vapor-grown carbon
fiber/polypropylene, expanded polystyrene foam/gra-
phite, expanded graphite/carbon nanotube/polyben-
zoxazine and aluminum or copper/graphite (Lin et al.
2010; Shen et al. 2015; Sahoo et al. 2014; Wang et al.
2016; Hejazi and Nosonovsky 2012; Orooji et al.
2019a, b, c, d). Generally, metal and semiconductor
nanoparticles can be loaded on graphite and its
derivatives using chemical functional groups, electro-
static interactions and hydrophobic interactions (Mon-
dal et al. 2013; Hagihghi et al. 2019; Hassandoost et al.
2019).

In the past few decades, noble metal nanostructures
have attracted attention in modern nanoscience and
nanotechnology owing to their unique electrical,
optical, mechanical and thermal properties. In partic-
ular, metallic copper nanomaterials are promising for
many future applications in electrodes, solar cells,
catalysts, sensors, medical, lithium ion batteries and
wear resistance fields (Bhanushali et al. 2015; Zhai
et al. 2019). Lately, some researchers have success-
fully loaded Cu nanoparticles on graphite and its
derivatives in order to expand their potential use for
novel applications (Bhanushali et al. 2015; Nazeer
et al. 2019). For example, Zhang et al. 2018 fabricated
porous copper/graphite via a template-free strategy
with excellent properties of wear and corrosion
shielding. Nazeer et al. (2019) successfully synthe-
sized copper—graphite and copper-reduced graphene
oxide composites by powder metallurgy technique and
investigated their anisotropic thermal conductivity
and Vickers hardness. Kavaliauskas et al. (2019)
prepared graphite—copper composites by plasma spray
process and evaluated its microhardness, plasticity and
electrical properties.

Poly(styrene—butadiene—styrene) or SBS is a tri-
block copolymer-based thermoplastic elastomer
which is extensively used in many industrial applica-
tions due to its thermal resistance, anti-aging, abrasion
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resistance, anti-corrosion, durability, cost-effective,
flexibility and hydrophobicity properties (Tan et al.
2016; Wang and Mao 2019; Duong et al. 2018). It has
been reported that the properties of SBS polymer can
be further enhanced by adding small amount of
nanomaterials such as graphene, silica, carbon nan-
otube and copper powders (Liu et al. 2011; Vo et al.
2011; Costa et al. 2014; Harandi et al. 2017).
Therefore, by combination of metal, carbon and SBS
components, an interesting composite with excellent
properties can be obtained.

Herein, we developed a facile and low-cost method
to fabricate a superhydrophobic/superoleophilic cot-
ton fabric filter using hierarchical flower-like Cu-G
nanocomposites and SBS polymer for separation of
gas condensates and other oily solvents from water.
First, different morphologies of Cu—G nanostructures
including sheet-like, flower-like and cactus-like were
prepared by controlling the reduction reaction param-
eters including type of reducing agent, surfactant,
reaction time and weight ratio of copper to graphite.
Then, the coating composition of Cu-G and SBS
mixtures were applied on the surface of cotton fabric
by a simple dip-coating route. The results indicated
that the modified cotton fabric filter has superhy-
drophobic and superoleophilic properties, which can
separate gas condensates from water by a separation
efficiency of 97%. The advantages of scalable pro-
duction, reusability, high efficiency, cost-effective,
time saving and flexibility for Cu-G-SBS/cotton
fabric filter make it to be a potential candidate for
oil/water separation in industrial-scale applications.

Experimental
Material and characterization

In this study, all the chemicals used for the fabrication
of Cu—G/SBS nanocomposites containing CuCl,-2H,_
O, ethylene diamine, graphite (G), hydrazine hydrate
(80%), sodium borohydride (NaBH,), styrene—buta-
diene—styrene (SBS), n-hexane, cetyl trimethyl ammo-
nium bromide (CTAB), sodium dodecyl sulphate
(SDS), poly(vinyl pyrrolidone)-25000 (PVP-25000),
acetone, chloroform, petroleum ether and ethanol
were purchased from Merck Company and used
without purification. Scanning electron microscopy
(SEM) images were obtained by Zeiss EVO scanning
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Table 1 Details of the synthesis of Cu—G nanocomposites and their WCA results

Sample Reducing Surfactant Reaction time  Copper to graphite Water contact angle  Figure of FESEM
no. agent (h) (wt%) ©) images
1 Hydrazine CTAB 5 5 135 4a

2 Hydrazine CTAB 5 10 152 4b

3 Hydrazine CTAB 5 20 150 4c

4 Hydrazine CTAB 1 10 137 S5a

5 Hydrazine CTAB 3 10 144 5b

6 Hydrazine PVP25000 5 10 130 6a

7 Hydrazine SDS 5 10 125 6b

8 Hydrazine - 5 10 - 6¢

9 NaBH,4 CTAB 5 10 132 7

(a)

Fig. 1 Color change in cotton fabric: a un-coated and b coated cotton fabric by Cu—G nanocomposite and SBS polymer

electron microscope. X-ray diffraction (XRD) patterns
were recorded by a Philips-X’PertPro, X-ray diffrac-
tometer using Ni-filtered Cu Ko radiation at scan range
of 10 < 26 < 80. Water contact angles (WCAs) were
measured using a contact-angle meter (Veho USB
microscope 400x, china) equipped with a CCD
camera at room temperature. Energy dispersive
X-ray spectroscopy (EDS) analysis was studied by
Mira3 Tescan FE-SEM. Fourier transform infrared
(FT-IR) spectra were recorded on Magna-IR, spec-
trometer 550 Nicolet in KBr pellets of finely cut and
ground fabrics in the range of 400-4000 cm ™.

Synthesis of Cu—graphite nanocomposites

Copper—graphite composites were prepared by a facile
and simple chemical reduction approach. First, 50 mg
of graphite powder was added to 20 mL of distilled
water and 5 mL of 0.2 M CTAB aqueous solution was
poured into the mixture and then, was dispersed by
30 min of sonication. On the other hand, [Cu(en),(-
H,0),]Cl, complex was synthesized according to our
previously reported method (Beshkar et al. 2017a, b).
An aqueous mixture of 5 mL of 0.016 M [Cu(en),(-
H,0),]Cl, solution and 5 mL of 0.1 M CTAB solution
was prepared. Next, the copper solution was added to
the graphite solution under stirring condition. After
1 h of stirring at 70 °C, 3.5 mL of hydrazine as a
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Fig. 2 XRD patterns of a pure graphite, b 5 wt% Cu-G
(sample 1), ¢ 10 wt% Cu-G (sample 2) and d 20 wt% Cu-G
(sample 3)
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reducing agent was added to the obtained mixture.
This reaction was allowed to continue for 5 h under
reflux condition for the growth of copper nanostruc-
tures on the graphite surfaces. Finally, black precip-
itate Cu—G nanocomposite was filtered and washed
with distilled water, ethanol and dried under vacuum.
In addition, the effect of the type of reducing agent,
surfactant, reaction time and weight ratio of cop-
per/graphite were studied and the obtained results
illustrated in Table 1.

Preparation of superhydrophobic Cu—G—
SBS/cotton fabric

First, a piece of commercial cotton fabric was cleaned
with acetone, ethanol and distilled water and then,
dried in an oven at 70 °C. On the other hand, Cu-G—
SBS nanocomposites were prepared by mixing various
amounts of Cu—G nanostructures in SBS matrix (1, 5
and 10 wt%), where n-hexane was used as an organic
solvent for SBS. Each Cu-G-SBS mixture was
sonicated separately before forming their respective
polymer nanocomposites. For the preparation of the
Cu-G-SBS/cotton fabric, the cleaned cotton fabric
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Fig. 3 EDS spectra of a 5 wt% Cu—G (sample 1), b 10 wt% Cu-G (sample 2) and ¢ 20 wt% Cu-G (sample 3)

was immersed in homogeneous Cu—G—SBS dispersion
and subsequently the nanocomposite was coated on
the cotton fabric surfaces by vaporization of n-hexane
at 70 °C and superhydrophobic cotton fabric was
obtained. Figure 1 illustrates un-coated cotton fabric
(a) and as-prepared superhydrophobic cotton fabric
(b). Also, Scheme 1 illustrates the schematic design of
the fabrication of superhydrophobic cotton fabric
modified by Cu-G and SBS composite and its
performance for gas condensates/water separation.

Oil/water separation of superhydrophobic cotton
filter

Oil/water separation of the as-prepared superhy-
drophobic cotton filter was examined by separation

of various oils containing gas condensates, petroleum
ether, hexane and chloroform from their aqueous
mixtures. In a typical experiment, 40 mL of gas
condensates and water with volume ratio of 1:1 was
employed. For better viewing, the water was colored
by methylene blue. The superhydrophobic filter was
used as a membrane filter, which was put at the bottom
of syringe. The gas condensates/water mixture was
dropped onto the embedded filter for the evaluation of
separation performance. The gas condensates passed
through the filter and fell into the flask, while water
remained into the syringe. The separation efficiency
(SE) of as-prepared superhydrophobic filter was
estimated using the following equation:

W,
SE = — x 100
w100 (%)

(1)
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Fig. 4 SEM images for the effects of different weight
percentages a 5 wt% Cu-G (sample 1), b 10 wt% Cu-G
(sample 2) and ¢ 20 wt% Cu—G (sample 3)

where Wp is the weight of gas condensates before
separation, and W, is the permeate weight of gas
condensates after filtration.
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Fig. 5 SEM images for the effects of different reaction times
a 1 h (sample 4) and b 3 h (sample 5)

Result and discussion
XRD and EDS characterizations

X-ray diffraction (XRD) analysis was used to charac-
terize the as-prepared copper—graphite samples. Fig-
ures 2a—d, demonstrate XRD patterns of samples 1-3
and un-doped graphite powder. As seen in Fig. 2a,
XRD pattern of pure graphite powder completely
matched with the standard reference card of graphite
(JCPDS No. 00-008-0415) with hexagonal crystal
system. In this pattern, the main diffraction peak at
26.42° is assigned to (002) lattice planes of graphite
with 0.337 nm interlayer distance. After doping
5 wt% of copper particles in graphite (sample 1), the
composite powder exhibits three characteristic peaks
corresponding to Cu (JCPDS No. 01-085-1326) with
cubic crystal system suggesting that only zero-valent
copper nanoparticles have been well deposited on the
graphite surfaces (Fig. 2b). By increasing the amount
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Fig. 6 SEM images for the effects of different surfactants
a PVP25000 (sample 6), b SDS (sample 7) and ¢ without
surfactant (sample 8)

of copper in composite to 10 wt% (sample 2), the
intensity of the three main peaks of Cu structure has
been increased (Fig. 2c). Eventually, by raising the
weight percentage of copper up to 20 (sample 3), sharp
diffraction peaks of Cu with high crystalline phase
were obtained (Fig. 2d). In all patterns, no

1 pm* EHT = 14.00 kV

Signal A = SE1
Mag= 9.00KX

Date :29 May 2019

WD =17.0mm

Fig. 7 SEM image for the effect of NaBH, as reducing agent on
final morphology of Cu—G nanocomposite (sample 9)

characteristic peaks of any other phases of copper
and graphite have been observed, which indicates high
purity of products.

In addition, the elemental composition analysis of
as-prepared copper—graphite nanocomposites (sam-
ples 1-3) was further confirmed by EDS analysis. As
shown in Fig. 3a—c, only Cu and C elements were
observed in the spectra. The quantification of Cuand C
confirmed that the weight percentages of copper in
graphite were about 5.08, 9.87 and 19.84 for samples
1-3, respectively (see insets), which closely agrees
with the composition of Cu—G nanocomposites.

Morphology of Cu—G nanocomposites and Cu—G-
coated cotton fabric

Three-dimensional  flower-like  copper—graphite
nanocomposites were prepared by a modified chem-
ical reduction method. In order to study the effect of
reaction parameters on the morphology of Cu-G
nanocomposites, the influence of reducing agent,
surfactant, reaction time and weight ratio of copper
to graphite was investigated. Concentration of copper
precursor is an important parameter on the morphol-
ogy of final products. In this case, three weight ratios
of copper to graphite (5, 10 and 20 wt%) were
examined by fixing the hydrazine as reducing agent,
CTAB as surfactant and reaction time for 5 h. When
the weight ratio was 5 wt% (sample 1), the non-
assembled sheet-like Cu-G nanostructures were
achieved (Fig. 4a). By increasing the weight ratio to
10 wt% (sample 2), uniform self-assembled flower-
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Fig. 8 SEM images of a, b pristine cotton fabric and ¢—f modified cotton fabric in the presence of Cu—G/SBS nanocomposites
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Fig. 9 FT-IR spectra of a pristine cotton fabric and b modified
cotton fabric in the presence of Cu—G/SBS nanocomposites
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like Cu—G nanocomposites were obtained (Fig. 4b),
while the weight ratio of 20 wt% (sample 3) led to
further growth of Cu—G sheets and large flower-like
aggregates were generated (Fig. 4c).

Moreover, the effect of reaction time on the growth
and self-assembly processes of Cu—G nanocomposites
was studied. For this purpose, three different times (1,
3 and 5 h) were chosen at a constant weight ratio of
Cu-G composite (10 wt%). As seen in Fig. 5a, the
reaction time of 1 h was not enough for the growth and
assembling of flower-like nanostructures. In this time,
the agglomerated sheets of Cu—G nanocomposites
were formed (sample 4). By prolonging the reaction
time to 3 h (sample 5), delicate hierarchical flower-
like nanostructures along with a small number of
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copper nanoparticles were formed (Fig. 5b). It seems
that when reaction time was further extended to 5 h
(sample 2), primary copper cores had enough time for
oriented growth on the graphite sheets. Thus, more
copper particles were filled in free spaces between
self-assembled graphite sheets, and finally uniform
flower-like Cu-G nanocomposites were fabricated
(Fig. 4b).

Figures 6a, b demonstrate SEM images of Cu-G
composites prepared in the presence of different
surfactants (SDS and PVP25000) at a constant weight

a CA =135

ratio of Cu—G composite (10 wt%) and reaction time
of 5 h. It can be seen that sheet-like nanostructures
along with a large number of copper nanoparticles
were prepared in the presence of PVP25000 (sample
6) and SDS (sample 7). Moreover, reduction of copper
ions on the graphite sheets was performed in the
absence of any surfactants (sample 8). As shown in
Fig. 6¢c, the agglomerated sheets with copper
microparticles were formed.

In addition, the effect of reducing agent on the final
shape of Cu—G nanocomposites was studied. As can be

CA=152°

c CA = 150°

CA =144

CA =137

CA=130°

CA =125

CA=132°

Fig. 10 a-h Micrographs of water contact angles on the cotton fabric surface coated by samples 1-7 and 9, respectively and SBS

polymer
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CA =128

CA =0°

CA =139

Fig. 11 Water contact angle images for different weight percentages of Cu—G to SBS a 1 wt% and b 5 wt% and c oil contact angle

image of as-modified cotton filter

seen in Fig. 7, by using NaBH, as reducing agent, non-
uniform flower-like morphology of Cu—-G nanocom-
posite (sample 9) was obtained.

It is well known that wettability depends on the
physical structure of surface. As can be seen in Fig. 8a,
b, pristine cotton fabric is fabricated from an inter-
woven 3D network of smooth fibers. Also, pristine
cotton is consists of approximately 400 thread counts
per centimeter. Furthermore, SEM images of pristine
cotton fabric and treated cotton fabric were demon-
strated in Fig. 8a—f. It can be observed that pristine
fabrics are perfectly smooth (Fig. 8a, b), while the
treated fabrics covered by Cu—G/SBS nanocomposites
(sample 2) exhibited high roughness (Fig. 8c—f).
When the surfaces of fabrics were assembled with
Cu-G/SBS layers, Cu—G micro/nanostructures were
randomly dispersed on the surface and subsequently,
created valleys and hills over the cotton fabric surface.
From Fig. 8c—f, it is obvious that SBS polymer chains
can uniformly adhere to the fabrics surface, and
enhance the adhesion between Cu-G structures and
fibers. Thus, by combination of surface roughness and
the layer of SBS polymer, the modified cotton surface
cannot be wetted by water droplets and exhibits
relatively stable superhydrophobicity with water con-
tact angle (WCA) of 152° (Fig. 10b).

@ Springer

FT-IR spectra of Cu—G/SBS-coated cotton fabric

For further confirmation of the modification of cotton
fabric, FT-IR analysis of pristine cotton fabric and
treated cotton fabric by Cu—G/SBS nanocomposites
(sample no. 2) was taken and presented in Fig. 9a, b.
FT-IR spectrum of pristine cotton fabric (Fig. 9a)
showed some characteristic peaks at around 3421,
2903, 1437 and 1054 cmfl, which are attributed to O—
H stretching, C—H stretching, CH, symmetric bending
and C-O stretching from cellulose, respectively. Also,
the peak at 1637 cm™' was reported for bending
vibrations of ~OH groups of absorbed water molecules
(Xu et al. 2015; Wulandari et al. 2016). Compared to
pristine cotton fabric, FT-IR spectrum of Cu—G/SBS-
coated cotton fabric demonstrated some new peaks at
around 1648 and 579 cm_l, which are ascribed to
stretching vibrations of carbon skeleton (C=C) of
graphite and copper, respectively (Bharath et al. 2017,
Ponraj et al. 2018). Moreover, the characteristic peaks
of SBR polymer can be identified at around 3014, 2947
and 2861, 1995 and 1870, 1492 and 1463, 979 and
728 cm™!, which are associated to unsaturated car-
bons, stretching of methyl and methylene groups,
aromatic ring overtone, methyl and methylene bend-
ing vibrations, and unsaturated aromatic carbons
deformations, respectively (Almazan et al. 2016).
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Fig. 12 Photographs of gas condensates-water separation
experiment by optimized superhydrophobic/superoleophilic
cotton filter. The water was colored by methylene blue

Water contact angle analysis of superhydrophobic
cotton fabric

It is reported that the surface modifications by
hydrophobic agents and hierarchical micro/nanos-
tructures on a surface can influence on its wettability
properties (Beshkar et al. 2017a, b). As seen in Fig. 4c,
the micro/nano-protrusions created by hierarchical
flower-like copper—graphite structures generated
unique valleys and hills over cotton surface and
subsequently, the surface became rough, which led to
trap more air pockets between water droplet and
surface. Hence, it is expected that as-coated cotton

fabric with flower-like Cu—G nanocomposites and
SBS polymer may result in a remarkable superhy-
drophobicity. The water contact angles (WCAs) of
cotton fabrics modified by 10 wt% of different
morphologies of Cu—G nanocomposites in SBS poly-
mer were measured. The results of WCA analysis of
cotton fabrics prepared with samples 1-7 and 9 are
exhibited in Fig. 10a—h and Table 1. As it can be seen,
all morphologies of Cu—G nanocomposites enhanced
the hydrophobicity of cotton fabrics. Among them,
uniform flower-like morphology (sample 2) exhibited
excellent superhydrophobicity with a water contact
angle of 152° (Fig. 10b). It is expected that as-
synthesized hierarchical flower-like Cu—G architec-
ture may result in a special wettability of cotton fabric.

Moreover, the weight ratio of Cu—G (sample 2) to
SBS composite was examined in quantities of 1, 5 and
10 wt%. As shown in Fig. 11a, b, when the weight
ratio of Cu-G to SBS was 1 wt%, WCA reached to
about 128° (Fig. 11a), while by increasing the weight
ratio to 5 wt%, WCA of 139° was obtained (Fig. 11b).
Previously, the weight ratio of 10 wt% of Cu-G
nanocomposite to SBS polymer enhanced WCA to
152° (Fig. 10b). Also, the oil contact angle of as-
prepared Cu—G/SBS-coated filter was taken and
illustrated the superoleophilicity with oil contact angle
about 0°, which allows the oily droplets to penetrate
quickly through the filter (Fig. 11c).

Oil/water separation performance
of superhydrophobic/superoleophilic cotton filter

It is well known that superoleophilicity and superhy-
drophobicity of a filter surface are two essential factors
to characterize oil/water separation. Also, the textile
fabric filters are potential candidates for oil deriva-
tives/water separation because of their softness, flex-
ibility, selectivity and reusability (Kansara et al. 2016;
Li et al. 2012). As seen in Fig. 10b, the cotton fabric
exhibited superhydrophobicity with water contact
angle of 152°, which caused the water droplets to
remain above the filter surface, while allowing the oils
to permeate easily through the cotton filter. Therefore,
the gas condensates/water separation experiment was
carried out by as-prepared superhydrophobic/super-
oleophilic cotton filter. When the gas condensates—
water mixture was poured onto the filter surface, gas
condensates quickly permeated through the cotton
filter and rapidly dropped into the flask. On the other
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processes (error bars show the standard deviation of related
measurements and insets show WCA images of primary
modified cotton filter and after 10 cycles of washing and
rubbing)
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hand, water could not penetrate through the fabric
filter and thus, remained on the filter surface in the
syringe (Fig. 12a—d). After filtration, only clear and
transparent gas condensates was visible which indi-
cates high oil-water separation efficiency of as-
prepared superhydrophobic cotton filter. By using
Eq. (1), the separation efficiency of gas condensates
from water utilizing as-prepared superhydropho-
bic/superoleophilic cotton filter was about 97%. The
simple, time saving, high separation efficiency and
gravity-driven oil/water separation of superhydropho-
bic cotton fabric can provide more chances for
industrial applications.

Furthermore, a series of oily solvents including
petroleum ether, hexane and chloroform were exam-
ined for separation ability of as-prepared superhy-
drophobic cotton filter. As shown in Fig. 13a, the
separation efficiencies of superhydrophobic/super-
oleophilic cotton filter with hierarchical Cu—G/SBS
coating for aqueous mixtures of petroleum -ether,
hexane and chloroform were about 94, 96 and 92%,
respectively. In addition, the recyclability of as-coated
cotton filter is a significant criterion for practical oil
cleanup applications. The separation process was
repeated at least five times using gas condensates as
a model to study the recyclability of as-prepared filter.
As demonstrated in Fig. 13b, oil separation efficiency
remained stable even after 5 successive cycles. A
negligible decrease in separation efficiency can be
ascribed to the residual oily solvent inside the cotton
filter. The above results exhibit that the superhy-
drophobic/superoleophilic cotton filter not only has a
high separation efficiency for various oily solvents but
it also has good recyclability. Moreover, the stability
of the superhydrophobicity property of Cu—-G/SBS-
coated cotton fabric was investigated by washing and
rubbing of as-modified filter for 10 cycles and the
change in WCA as a function of wash cycles was
recorded. As illustrated in Fig. 13c, the superhy-
drophobic cotton filter exhibited excellent superhy-
drophobic stability with WCA of about 144° after 10
cycles of washing and rubbing. This result can be
attributed to good affinity between Cu-G/SBS
nanocomposites and cotton fabric.

Conclusion

In summary, the superhydrophobic/superoleophilic
cotton fabric filters were fabricated by flower-like
copper—graphite nanocomposite and SBS polymer
utilizing a green and simple dip-coating method.
Various morphologies of Cu—G nanostructures were
prepared by controlling the reduction reaction param-
eters including type of reducing agent, surfactant,
reaction time and weight ratio of copper to graphite.
When mixture of flower-like Cu—G nanocomposite
and SBS polymer was deposited on the cotton fabric,
CA analysis showed excellent superhydrophobicity
and superoleophilicity properties with water contact
angle and oil contact angle about 152° and 0°,
respectively. Moreover, the superhydrophobic/super-
oleophilic cotton fabric was employed as a filter to
separate gas condensates and various oil/water mix-
tures, which indicated that as-prepared filter had high
separation efficiency and good recyclability. The
result shows that the as-fabricated cotton fabric filter
can be used for efficient oil/water separation in
industrial-scale applications.
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