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A B S T R A C T

In this study, we report the fabrication of hydrophobic cotton fibers via simple and cost-effective one step easy
fabrication approach by utilizing waste recycled polyethylene (PE) gloves. Also, we prepared silres-modified
cotton fibers with hydrophobic and oleophilic properties via a simple dip coating process. The resultant both
coated cotton (PE and silres) fibers exhibited high repellency towards the water with water contact angle< 135°
and superoleophilicity with an oil contact angle ˜ 0°. Due to such special wettability, the as-prepared cotton
fibers exhibited high selective oil absorption capacity when used as absorptive materials for separating various
oil/water mixtures under acidic, alkaline, and salt aqueous solutions. It was observed that oil/organic solvents
absorption capacity of the PE coated cotton fibers was better (16.8–59.7 %, depending on the type of oil) than
that of silres modifications. The fabricated PE fiber shows oils and organic solvents absorption ability in the
range of 22–61 times their weight as well as good reusability in oil/water separation even after ten absorption-
desorption repeated cycles by simple squeezing method. Thus, the utilization of PE waste materials provides an
extremely low cost and better approach in the fabrication of promising surfaces for oil/water separation ap-
plications.

1. Introduction

The contamination of oil and organic solvents in the aquatic system
is of serious concern [1–4]. In particular, oil spills decrease the dis-
solved oxygen in water, consequently, killing the aquatic life [5]. The
water contaminated with oil also reduces crop yield due to the pre-
vention of air penetration by the clogs of soil pore [5]. Various strate-
gies for oil-water separation have been developed based on skimmer
collection [6], air flotation [7], membrane separation [8], biode-
gradation [9], electrochemical treatment [10] and burning [11].
However, generally, these strategies have drawbacks such as lengthy
process, high cost and low efficiency. Thus, it is of great relevance to
develop an eco-friendly, economically and efficient method to separate
oil/water mixtures.

In the recent years, materials with special wettability viz., hydro-
phobic/oleophilic or hydrophilic/underwater superoleophobic, have
increasingly been investigated by various researchers for the separation
of oil/water mixtures because of their high performance [12,13]. For
example, sponge-based materials [14–16], mesh-based material [2,17],
foam-based material [18,19], microfiltration membrane [20], orange
peel powder [21] and filter paper [22] are reported for the separation
of oil and organic solvents from the water. Among them, cotton and

sponge are the most studied materials because of its high absorption
capacity, low cost and easy commercial availability [23].

Cao et al. fabricated superhydrophobic polyurethane sponge via
incorporation of superhydrophobic nano diamond particles through
dopamine self-polymerization and subsequent fluorination using
1H,1H,2H,2H-perfluorodecanethiol [14]. The resulting sponge showed
superhydrophobic property, oil/water separation behavior, and high
organic solvents adsorption capacity. Zhang et al. [24] reported pre-
paration of Al porous fiber (Mg-Al PF)/polyurethane (PU) foam com-
posites (Mg-Al PF) using foaming technology. The modified Mg-Al PF
composites show high water repellency, with a water contact angle of
146.6°, and swelling properties. Due to its hydrophobic and swelling
properties, the Mg-Al PF composites are able to remove oils and organic
solvents from water with high selectivity and absorption capacity. Lee
et al. reported preparation of hydrophobic fibers using a dip dip-coating
a solution of PDMS-coated SiO2 and adhesives dissolved in hexane,
cotton and kapok surface [25]. The resulting fibers exhibited high ab-
sorption capacity for various oils and low water content. Wang et al.
[26] also synthesized superhydrophobic and superoleophilic ZnO-
coated cotton fibers using hydrothermal route followed by modification
with dodecyltrimethoxysilane. Eco-friendly, low cost, good mechanical
stability, easy-fabrication approach and non-toxic coatings for special
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wettability materials is the pursuit of many researchers and essential for
large-scale practical application in oil/water separation process.
Moreover, utilising waste materials, which are pollutants, in the fabri-
cation of special wettable surfaces for oil/water separation application
is one of the mechanism by which the harmful effect on the environ-
ment can be reduced [27].

In our daily life, various polyethylene (PE) products such as gloves,
droppers, films, and fibers are widely used for food research, labora-
tories, and other industries because of its low cost, nontoxicity, good
chemical resistance, and odourlessness [28]. However, the large scale
use of PE-based products generates a huge amount of plastic waste,
which is now a serious environmental problem [28]. Thus the recycling
of PE-based waste materials in the form of useful products not only
minimizes the environmental pollution but also helpful in the fabrica-
tion of extremely low cost special wettable surfaces. In a recent work,
PE coating on a copper mesh is found to enhance the surface roughness
and contributed to the hydrophobicity/superoleophilicity of the copper
mesh. [28]. In this work, we extend the use of waste material, recycled
PE gloves, in the fabrication of eco-friendly, nontoxic, hydrophobic/
superoleophilic cotton fiber of extremely low cost using simple and
inexpensive dip coating process for separation of various oil/water
mixture.

In the current study, we also fabricate silres-modified cotton fiber
with hydrophobic and oleophilic properties via a simple dip coating
process. Silres BS 39 is a mixture of silane/siloxane/polymer content
(∼25 wt%) in water (∼75 wt%). Silres is a water soluble siloxane
emulsion and can be used for hydrophobic coatings on various surfaces
such as cotton fabric and silk textiles, without the use of any organic
solvents [29,30]. Thus, in this work wettability of cotton fiber was
modified by two different coating agents: (1) use of recycled PE gloves,
and (2) water soluble siloxane emulsion, without the use of any so-
phisticated equipment. The morphological structures of the as-prepared
cotton samples were carried out with a scanning electron microscope
(SEM) and an optical profilometer. The wetting behavior (water re-
pellent and oil absorption) of the resulting PE-coated cotton (PE-CC)
and silres coated cotton (SCC) fibers were determined by the mea-
surement of the contact angle of liquids. The oil absorption efficiency
and selectivity of the modified coated fibers were studied for various
oils and organic solvents. Moreover, the recyclability of the as-prepared
cotton based absorbents was also demonstrated.

2. Experimental section

2.1. Materials

Cotton fibers were purchased from the local store (Kanpur, India)
and ultrasonically washed with distilled water and ethanol.
Polyethylene (PE) gloves were recycled from the laboratory as raw
materials for the PE coating purpose on cotton fibers. Silres BS39 A
from Wacker and sulphuric acid, hydrochloric acid and toluene were
purchased from Fisher Scientific. Other solvents and chemicals were
used as received without further purification.

2.2. Treatment of cotton fibers

The raw cotton surface was made hydrophobic via a facile strategy
using silres and PE gloves as hydrophobic agents according to the
procedure illustrated in Fig. 1 (approach-1 and approach-2). The fab-
rication procedures were based on simple dissolution and immersion
approach and did not require the involvement of any sophisticated
equipment.

2.2.1. Preparation of Siloxane coated cotton (SCC)
Fabrication of the silres-coated cotton samples was performed using

a simple dip coating approach (Fig. 1a). Initially, a water-based
homogeneous emulsion of silres (7 wt %, silane, siloxane and organic

polymer) was prepared by dilution of Silres BS39 A in distilled water
and solution was stirred for 30min. The clean cotton was dried at 80 °C
in a drying oven for one hour and immersed into the homogenized
emulsion of silres for one h. The resultant cotton was removed and
dried at 40 °C for overnight and kept at room temperature for 1–2 days.

2.2.2. Preparation of PE coated cotton (PE-CC)
The PE coated cotton was fabricated by simple dissolution and im-

mersion approach using recycled PE gloves as a crude material
(Fig. 1b). Initially, the laboratory used PE gloves were washed and cut
into small pieces. The specific amount of PE pieces was placed in a
beaker which having already 100ml of toluene solvent. To dissolve PE
pieces, the above mixture was stirred for 30min with heating at 100 °C.
Subsequently, a homogeneous solution was obtained after removal of
undissolved impurities from the mixture. Finally, cleaned and dried
cotton was dipped in the above solution for some seconds, blow-dried at
room temperature. Thus, the obtained cotton is considered as PE coated
cotton.

2.3. Characterizations

The morphological structure of the prepared cotton fibers was
analyzed by field emission scanning electron microscopy (FESEM, Zeiss,
Germany, supra-40VP). To prevent charging, before the analysis of
surface morphology, a sputtering coater was used to place the thin layer
of gold film on the samples. Also, optical profilometer (Bruker GT-KO)
was used to examine the changes in the surface roughness of uncoated
and coated cotton fibers. Fourier transformed infrared (FTIR) spectra
were recorded using FTIR spectrometer (KBR pellet method) in the
range of 500 to 4000 cm−1 to identify the presence of functional groups
on the surface of specimens. X-ray photoelectron spectroscopy (XPS)
analysis was done using PHI 5000 Versa Prob II, FEI Inc to analyze the
surface composition and chemical state of coated fibers. All of the XPS
spectra were acquired using Al Kα radiation (1486.6 eV) at the room
temperature. The wetting behavior of coated cotton fibers was ex-
amined by the measurement of the water contact angle using goni-
ometer (OCA 20, data physics, Germany) instrument by sessile liquid
drop method at the room temperature. The injecting volume of water in
the measurements of the contact angle was approximately five μL. The
values of WCA were as measured in five different spots on the same
sample surface, and the mean value of the contact angles was taken,
and images were captured. The variations in the measurements are
given as error bars.

2.4. Selective absorption-based oil/water separation and evaluation of oil
absorption capacity

The selective separation of oils from water surface was performed
by immersing the PE-CC and SCC samples of specific weight into var-
ious oil/water mixtures (1:1, v/v) at room temperature with stirring.
After 1min, oil absorbed cotton samples were removed, drained for
15–20 s to discard excess oil/solvents and then weighed before eva-
poration of solvents and oils to assess the weight gain of the samples.
During this oil sorption process, the weight gain or oil absorption ca-
pacity is defined as the ratio between the maximum weight of absorbed
oil and the initial weight of the cotton samples (absorbents) [31]. The
following equation was used to calculate the oil absorption capacity of
the modified cotton fibers:

= ⎡
⎣⎢

− ⎤
⎦⎥

K M M
M

x 1001 0

0

Where K is the oil sorption capacity of sorbent in terms of g g−1. M0 is
the initial weight of the dried SCC and PE-CC before immersion in the
oil and M1 is the saturated weight of the SCC and PE-CC. The oil ab-
sorption capacity measurements of both modified cotton fibers were
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repeated 3 times for all types of oils and organic solvents to get an
average value of K. This process was used for various types of organic
solvents and oils such as chloroform, toluene, dichloroethane, hexane,
diesel oil, silicone oil, sesame oil, and olive oil. The viscosity and
density of the utilized oils and organic solvents are summarized in
Table 1 [31].

2.5. Evaluation of recyclability of used absorbents

To evaluate the recyclability of the SCC and PE-CC, several cycles of
oil absorption and desorption were performed. Initially, during the
absorption process, one piece of each cotton samples of specific weight
was immersed in diesel oil for 1min with stirring and was then taken
out and weight of diesel oil absorbed cotton fibers was measured.
Subsequently, the desorption process was performed in which cotton
fibers (fully wetted with oils) were placed on a stainless-steel mesh
inside a centrifuge tube, which was centrifuged at 3000 rpm for 5min.
Next, we get the desorbed coated fibers, and absorbed oils or organic
solvents were collected in the centrifuge tube. This absorption and
desorption processes were repeated more than ten times, and the re-
cyclability was evaluated by the weight measurement of absorbent in
each step of absorption and desorption processes.

3. Results and discussion

3.1. Wetting behavior, surface morphology, and chemical composition

The surface morphologies and wetting properties (by contact angle

Fig. 1. Schematic illustration of procedure for the fabrication of hydrophobic fibers SCC (approach-1) and PE-CC (approach-2) via dissolution and immersion
approach.

Table 1
Characteristics of the studied oils at room temperature.

Type of oil Viscosity (mPas) Density (g/ cm3)

Chloroform 0.536 1.478
Toluene 0.59 0.867
Dicholoroethane 0.41 1.318
Hexane 0.28 0.659
Diesel Oil 2.0 0.825
Silicone oil 2600 0.970
Sesame oil 47.4 0.918
Olive oil 85 0.918

Fig. 2. Optical Images of water droplets (dyed with phenosafranin) on the bare,
silres coated and PE-coated cotton surface with the water contact angle.
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measurement) of the resulting SCC and PE-CC were evaluated by using
different characterization tools. The wetting behavior of the bare SCC
and PE-CC were examined comparatively by the measurement of water
contact angle using goniometer (OCA 20, data physics, Germany) and
obtained results are shown in Fig. 2.

It was observed that water droplets colored with phenosafranin dye
(for clear visibility) were immediately adsorbed on the surface of bare
cotton, confirming that bare cotton was hydrophilic. Thus, the water
contact angle on such surface is unmeasurable. In contrast, after the
treatment of bare cotton with silres and PE the surfaces of the resulting
materials viz., SCC and PE-CC, exhibit water repellency with water
contact angle of 138 ± 1° and 144 ± 1°, respectively. The significant
enhancement of the water contact angle on the surface of SSC and PE-
CC strongly indicates that the coating approaches adopted in this work
using silres and PE are an effecting strategy to make cotton materials

hydrophobic.
It has been reported that the fabrication of hierarchical structures

and chemical structure are the two essential factors in enhancing the
surface roughness and subsequently leads to increase in the water
contact angle on the surface [28,29]. To understand the changes in
surface morphology of cotton fibers before and after the modification
with silres and PE, scanning electron microscope (SEM) was used which
is shown in Fig. 3a-f under low and high magnifications. The SEM
image of bare cotton fiber is shown in Fig. 3a-b under low and high
magnification. After silres modification, a continuous film was de-
posited on cotton fiber (Fig. 3c-d). It is also observed that compared to
bare cotton, the PE-CC showed a rougher surface with a large number of
grooves and fibrils (Fig. 3e-f). This is primarily attributed to the de-
position of the numerous PE nanoparticles on the surface of bare cotton
after dip coating process [28].

Fig. 3. SEM images of raw cotton (a) low and (b) high magnification, SEM images of SCC in (c) low and (d) high magnification and SEM images of PE-CC in (e) low
and (f) high magnifications.
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Furthermore, surface morphologies of the cotton fibers before and
after modification with silres and PE were also examined by the optical
profilometer. Fig. 4a-c displays the optical profilometer images of un-
coated, SCC and PE-CC. After the silres and PE coatings (Fig. 4b-c), it is
observed that cotton surface become rougher as compared to the un-
coated. It is well known that higher surface roughness and lower sur-
face energy are closely related to the hydrophobic property of the
surface [29]. It was also reported that silres and PE have low wett-
abilities because of their reduced surface energy [28,32]. It is therefore
concluded that roughness of the coated surface and low surface energy
of silres and PE play key roles in enhancing the hydrophobic character
of SCC and PE-CC.

Also, it was noticed that the droplets of toluene and diesel (organic
solvent and oil) were readily soaked by the coated fibers after being
dropped, with a contact angle of 0°. This indicates the superoleophilic
nature of the coated fibers. This selective and opposite wetting behavior
of water and oil on the surface of coated fibers (SCC and PE-CC) pro-
vided a useful base to separate mixtures of oil and water through the
selective absorption process.

To evaluate the presence of specific functional groups before and

after modification, the SCC and PE-CC were characterized by FTIR. The
FTIR spectra of the bare, SCC and PE-CC fibers over the range of 4000 –
500 cm−1 are shown in Fig. 5. After PE coating on the cotton fiber, the
CeH asymmetrical stretching vibration and CeH symmetrical
stretching vibration was observed at 2918 and 2850 cm-1, respectively.
The sharp peak at 1370 cm−1 corresponds to the presence of SiOCH
(CH3)2 in SCC [28,33]. The results of the FTIR analysis confirmed the
silres and PE coating on the surface of the cotton fibers.

XPS analysis was further employed to characterize the chemical
composition of coated cotton (CC) with PE and silres for understanding
the structure-performance relationship. The surface of raw cotton fiber
(untreated) only shows the C 1 s and O 1 s signal (Fig. 6a). The ap-
pearance of Si 2 s, and Si 2p peaks were detected at 152.6 and 100.2
along with C 1 s and O 1 s signal, indicating the successful coatings of
the silres onto the surface of cotton fibers (Fig. 6b). Silres BS 39 is a
mixture of silane/siloxane/polymer content (∼25 wt%) in water (∼75
wt%). Silres has the ability to generate networks of siloxane by poly-
merization process in room condition under the influence of air hu-
midity. This siloxane network is responsible for the hydrophobicity as
well as the stability of coating on the treated surface [34]. The XPS
spectra of PE-CC was also recorded. Fig. 6c displays the total survey
spectra of PE-CC, which consist of C 1 s and O 1 s peaks. The strong and
intense peak of C 1 s at 283.2 eV, indicating the successful coating of the
polyethylene. In addition, high resolution of C1 s peak with binding
energy at 283.2 eV are shown in Fig. 6d. which is attributed to the C]C
double bond from polyethylene. All these results suggest that the
polyethylene and silres were successfully coated onto cotton fibers.

3.2. Oil/water separation and oil absorption capacity

Due to regular oil-contamination [29], the separation and removal
of oil contaminants from the water have become increasingly im-
portant. The as-prepared SCC and PE-CC exhibit hydrophobic and su-
peroleophilic properties simultaneously, which was characterized by
the contact angle measurements with water and oils. Thus, modified
cotton fibers (SCC and PE-CC) can be used in the selective removal of
oil or water from oil/water mixtures. To evaluate the oil/water se-
paration ability we have used SCC and PE-CC as an “absorbent” as
shown in Fig. 7. In this experiment, a mixture of diesel oil and water
(1:1 vol ratio) was taken in a beaker, and fabricated cotton fiber was
immersed in this mixture. To visualize clearly during the sorption
process water was colored by adding phenosafranin dye. It was ob-
served that coated cotton fibers could selectively absorb diesel oil im-
mediately floating on the water surface (Video S1). On the other hand,

Fig. 4. Optical profiler images of the surface of (a) raw cotton (b) SCC and (c)
PE-CC fibers.

Fig. 5. FTIR spectra of the bare, silres coated and PE coated cotton fibers.
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water (dyed with dye) was not absorbed by the coated fibers because of
their hydrophobic nature. This observation corroborates their ability
for oil/water separation.

The absorption efficiency of the coated fibers concerning various
oils and organic solvents can be evaluated by weight gain, i.e., the
weight of absorbed oil divided by the initial weight of the coated fibers.
However, it should be noted that the sorption capacity of the hydro-
phobic sorbents is significantly affected by the various properties
(density, surface tension, and viscosity) of the used oils and organic
solvents [26,31,35,36].

The absorption capacities of the bare and fabricated fibers (SCC and
PE-CC) were evaluated for a variety of pure oils (diesel oil, silicone oil,
sesame oil and olive oil) and organic solvents (chloroform, toluene,
dichloroethane, hexane). Fig. 8 displays the summary of weight gains of
the bare and coated fibers for absorption of various oils and organic
solvents. The absorption capacity of the PE-CC is 61.2 g g−1, 27.8 g
g−1, 37.97 g g−1, 22.79 g g−1, 28.93 g g−1, 52.48 g g−1, 37.14 g g−1,
and 36.1 g g-1 for chloroform, toluene, dichloroethane, hexane, diesel
oil, silicon oil, sesame oil and olive oil, respectively. The fabricated PE-
CC fiber shows superior oils and organic solvents absorption ability in

Fig. 6. XPS spectra of (a) uncoated cotton fibers (b) SCC and (c) PE-CC fibers (d) high resolution of C 1 s peak in PE-CC.

Fig. 7. Separation of diesel oil from water surface using (a) SCC and (b) PE-CC as absorbent.
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the range of 22–61 g g−1. However, the weight gain of SCC fiber was
obtained in the range of 15 to 39 times their weight depending on the
variety of oils and organic solvents. Hence, it was concluded that the
PE-CC have better oil absorption capacity (16.80–59.7 %, depending on
the type of oils) compare to the SCC. This could be probably due to the
increased capillary effect of the hydrophobic PE-CC which leads to
enhanced interactions between the oils/organic solvents, and PE coated
strands of the cotton fibers [31,37]. Our results also suggest that the PE-
CC exhibits the greater adsorption capacity for the chloroform and di-
chloroethane than that of the raw cotton. This could be probably due to

the good compatibility between the PE and high-density chloroform
and dichloroethane solvents, complex nature of adsorption process that
is affected by the density, viscosity of the absorbates and uniform su-
peroleophilic surface nature of the coating materials (PE) [38]. A si-
milar observation has been reported earlier for the absorption of
chloroform and dichloromethane using polyethylene coated PU sponge,
polystyrene-coated non-woven fabric and octadecyltrichlorosilane
modified cotton [38–40].

Table 2 lists the comparison of the oil/organic solvents absorption
capacity (weight gains) of our coated fibers with various other hydro-
phobic materials reported in the literature. As we discussed already that
the sorption characteristics largely depend on many factors such as
viscosity, density and surface tension of the oils or organic solvents and

Fig. 8. The absorption capacities (weight gains) of bare, SCC and PE-CC fibers
for different oils and organic solvents.

Table 2
Comparison of oil sorption capacities of different sorbents.

Absorbents Coating material Type of oil Absorption capacity (g g−1) Ref. No.

Cotton SiO2 nanoparticles/ octadecyltrichlorosilane Diesel oil ˜ 21 [40]
Macroporous MWNT nanocomposite PDMS Toluene 12.4 [41]

Chloroform 20.5
Hexane 15.05

Swellable porous PDMS PDMS Chloroform 34 [42]
Diesel oil 12
Toluene 18.7

PDMS sponge PDMS Chloroform 11 [43]
Toluene 5

Polyurethane sponge carbon nanotube/PDMS Diesel oil 19 [44]
Hexane 15

Polyurethane sponge Nanodiamonds/ polydopamine/ H,1H,2H,2H-perfluorodecanethiol Chloroform 59.26 [12]
Diesel oil 31.2
Toluene 17.4
Hexane 3.75

Cotton PDMS Diesel oil 31.8 [29]
Cotton fibers ZnO/Dodecyltrimethoxysilane Chloroform 45.3 [24]

Diesel oil 41.8
Toluene 37.6
Hexane 32.3

Cotton PDMS Chloroform 70.80 [21]
Diesel 35.70
Toluene 24.85
Silicone oil 61

Cotton Silres Chloroform 39.59 This work
Diesel 22.24
Toluene 18.24
Dichloroethane 36.39
Silicone oil 28.76

PE Chloroform 61.2 This work
Diesel 28.93
Toluene 27.18
Dichloroethane 37.97
Silicone oil 52.48

Fig. 9. The water contact angle of hydrophobic SCC and PE-CC after immersion
in solutions at different pH (4, 7 and 9) values for 12 h and after mechanical
abrasion test (M.A.T.).
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hydrophobicity of the absorbents. According to the above comparison,
although the absorbency of the fabricated PE-CC fiber is comparable
with the previously reported other adsorbents, the simpler and cheaper

fabrication approach and especially the use of waste (recycled PE
gloves) materials make the prepared hydrophobic absorbent an at-
tractive alternative to the existing absorbents.

3.3. Hydrophobic stability of the coated cotton fibers

The stability of the hydrophobic coating on the cotton fibers is one
of the crucial requirements for their practical applications under the
different environmental condition of oil/water mixture. In general, the
pH of oily contaminated water exists in the range of 4-9. Thus, we have
evaluated the hydrophobic coating stability of the as-prepared PE-CC
and SCC fibers with respect to time by immersing them into an aqueous
medium with different pH values (4, 7 & 9), ethanol and toluene for
12 h. The pH values (4, 7 & 9) of an aqueous medium were adjusted by
the addition of a specific concentration of HCl, NaCl, and NaOH. The
water contact angle was measured on the surface of treated cotton fi-
bers before and after immersion. The treated cotton fibers were washed
with ethanol and dried at 60° before the measurement of water contact
angle.

As shown in Fig. 9, both the coated fibers exhibited the water
contact angles higher than 135°, demonstrating the good stability of the
hydrophobic coatings of silres and PE coated cotton fibers under com-
plex environmental conditions. Similar to this, water contact angle
value also remained over 135º after immersing the PE-CC and SCC in
ethanol and toluene for 12 h. The mechanical durability of the hydro-
phobic coating was also evaluated by the sandpaper abrasion test
[45,46]. The test was repeated ten times for each coated sample. After
ten times repetition of the abrasion test, the WCA of the both coated
cotton fibers were found<135º (Fig. 9), which further demonstrates
the stability of hydrophobic coatings on the surface of cotton fibers.
Besides the mechanical durability discussed above, we also evaluated
the stability of the hydrophobic coating by the placement of coated
cotton fibers (a small piece, fully wetted with oil) on the surface of the
clean water. [25] It was observed that cotton fibers were floated on the
surface of clean water even after 24 h, demonstrating the stability of the
hydrophobic coating (Fig. 10).

Furthermore, the hydrophobic coating stability of PE-CC and SCC
was also investigated by ultraviolet irradiation test with respect to time.
During this test, both PE-CC and SCC fibers were placed in a U. V.
chamber for 24, equipped with two ultraviolet lamps (λ=365 nm,
8W). In the U.V. chamber, the distance between the coated surface and
U.V. lamp was about 6 cm. The water contact angles on U.V. light ex-
posed surfaces were measured at every 6 h. Fig. 11 shows the values of
water contact angle as a function of U.V. irradiation time. It was ob-
served that there is no any significant change in water contact angle
with respect to U.V. irradiation up to 24 h. This results further de-
monstrate excellent U.V. stability of the PE-CC and SCC coatings.

3.4. Recyclability of the coated cotton

The recyclability of the coated fibers was evaluated by the absorp-
tion and desorption process in a repeated manner. In this process, we
have used diesel oil an absorbate in every absorption step. During this
process fabricated fibers of specific weight was immersed initially in
diesel oil/water mixture to absorb oils for 1min with stirring. After the
absorption of diesel oil on coated fibers, we have measured the weight
gains and performed the desorption of oils using simple squeezing
method through centrifuge at 3000 rpm for 5min. We observed that
absorbed diesel oils were desorbed from the surface of the coated fibers.
This absorption-desorption process was repeated ten times with both
fabricated fibers. As shown in Fig. 12, diesel oil absorption capacity for
both PE-CC and SCC and fibers decreased by about 8.2% and 9.9%,
respectively after ten repeated cycles. This decrease in absorption ca-
pacity with an increase in absorption-desorption cycles may be attrib-
uted to the oil residue in the cotton fibers. The results inferred that the
as-fabricated fibers have good recyclability in the separation of

Fig. 10. Oil wetted SCC and PE-CC were placed on the surface of clean water.
After 24 h, the oil wetted samples were not dipped in water, showing stability of
coatings.

Fig. 11. Effect of UV-irradiation time on water contact angle of the prepared
PE-CC and SCC fibers.

Fig. 12. The change of oil absorption capacity of the SCC and PE-CC fibers as a
function of the number of recycling is plotted. Photographs of SCC and PE-CC
fibers after more than 10 recycling process were stably floated on water surface
even after 3 days are shown in the inset.
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insoluble oil from oil/water mixtures.

4. Conclusions

In this study, silres and recycled PE gloves were utilized for the
modification of cotton surface wettability via simple dissolution and
immersion approach without using any expensive and sophisticated
equipment. The as-prepared silres and PE modified cotton (SCC and PE-
CC) exhibited good hydrophobicity due to the increased roughness onto
the surface of the original cotton. After modification, cotton fibers
showed good oil absorption efficiencies and recycling abilities.
However, the oils and organic solvents absorption capacity of PE-CC (in
the range of 22–61 g g−1, for various oils and organic solvents) were
higher as compared to the SCC, prepared in this study, by 16.80–59.7
%, as well as comparable with other absorbents reported in the litera-
ture. Hence, the application of PE waste as a raw material might be a
promising substitute in the fabrication of special wettable material for
oil/water separation application and thus can decrease the environ-
mental pollution due to PE.
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