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Abstract The development of sustainable, low-cost,
green and efficient oil-water separation materials is an
attractive and challenging work. Oil/water separation
process has been achieved by a variety of materials
with special wettability, but most materials require
complex instruments or involve toxic and corrosive
chemicals, which might lead to some potential
economic and environmental issues. Our work pro-
posed here is a novel super-hydrophilic, underwater
super-oleophobic cellulose hydrogel-coated mesh
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(CHCM) which produced by deep eutectic solvent,
aimed for efficient gravity-driven oil/water separation.
Based on this pre-wet CHCM, the separation effi-
ciency of various oil-water mixtures was above
98.0%, and the results also showed that CHCM has
good recyclability and durability, even after 20 cycles,
the separation efficiency also maintained at 98.5%.
Impressively, the prepared CHCM also exhibited good
salt resistance; it can separate a high efficiency pump
oil mixture from a saturated aqueous NaCl solution.
Through XPS analysis of CHCM, the oil-water
separation mechanism is due to the large number of
super-hydrophilic groups on its surface. This simple,
green, and efficient method overcomes an important
barrier to the safe separation of oil-water mixtures and
provides insights into the design of advanced materials
for practical oil-water separation.

Keywords Cellulose hydrogel - Super-hydrophilic -
Wire mesh - Oil/water separation

Introduction

In recent years, the rapid growth of global energy
demand has intensified the exploitation of crude oil
(Ao et al. 2018; Zhang et al. 2018). At the same time,
increasing oil leakage and oil spills have become one
of the top environmental problem (Ma et al. 2016). At
present, cleaning up oil spills in the water is a difficult
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problem in today’s world. Environmental and eco-
nomic needs highlight the urgent need for functional
materials that efficiently achieve oil-water separation
(Ma et al. 2016; Xue et al. 2014). Traditional
technologies for oil pollution remediation, such as
eucalyptus oil, dissolved air flotation, polymer oil
absorption, chemical dispersant degradation, etc.
always have some drawbacks such as low decontam-
ination ability, high cost, incomplete separation,
secondary pollution, and complicated operation (Su
et al. 2016; Wang et al. 2016). Therefore, it is
extremely necessary to develop other methods to solve
the above problems. At the present, special wettability
materials have received extensive attention in oil-
water separation; especially the metal mesh, tex-
tile/fabric, and polymer film were used as the substrate
of the ultra-wetting material (Cao et al. 2013; Chen
et al. 2016; Ge et al. 2016). Recent studies have shown
that the use of metal mesh as a special wettable filter
material was benefited to its high mechanical strength,
good antifouling ability and good cycle performance
(Pan et al. 2008; Xue et al. 2011). Researchers often
used hydrophilic polymer, inorganic particle coatings,
electrochemical anodization and chemical etching to
impart special wetting properties to metal meshes (Ge
et al. 2016; Ma et al. 2016). Unfortunately, these
methods inevitably required the use of complex
instruments and corrosive, toxic chemicals, followed
resulting in high expense and environmental problem
(Li et al. 2016; Yu et al. 2017; Zhou et al. 2017). In
addition, plasma and femtosecond lasers were also
applied to modified metal mashes (Chen et al. 2016;
Yin et al. 2017) that technologies only existed in the
laboratory application stage, and limited by equipment
investment and cannot be mass-produced to apply (Ge
et al. 2016).

In the current research, cellulose-based materials
have been reported as an effective supporter in oil/
water separation studies (Ao et al. 2017, 2018). As is
known, cellulose is considered to be one of the most
abundant natural polymer materials in nature, which is
an inexhaustible and renewable resource (De France
etal. 2016; Errokh et al. 2018). It has the advantages of
wide source, non-toxic, degradable and renewable.
Cellulose materials mostly exhibited super-lipophilic
characteristics in oil/water separation, which existed a
lot of shortcomings (Wang et al. 2015). For example, it
was difficult to separate oil and water by gravity alone
because the density of water is higher than the density
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of most oils, thus a barrier is formed between the
material and the oil, and the oil is difficult to flow out
(Yoon et al. 2014). In addition, these materials have
high affinity for oil, which easily contaminated or even
blocked by oil and then seriously affecting separation
performance and limiting its service life (Ejaz Ahmed
et al. 2014; Zhou et al. 2014). Moreover, it was
difficult to separate the cellulose material after it
adsorbed the oil and fat, which easily causes secondary
pollution (De France et al. 2017; Wang et al. 2016).
Thus, the preparation of cellulosic materials which
having super-hydrophilic and underwater super-oleo-
phobic could effectively overcome these mentioned
shortcomings. Such cellulosic materials can inhibit the
continuous infiltration during the filtration process by
intercepting moisture and forming a water film to
inhibit oil and fat (Ao et al. 2017, 2018). Until now,
only rarely studies about cellulose-based materials
with super-hydrophilicity and underwater super-oleo-
phobic properties were reported in oil/water separa-
tion. Ao et al. (2018) prepared a super-hydrophilic and
underwater super-oleophobic cellulose hydrogel coat-
ing mesh, which was driven by gravity alone. The
hydrogel coated mesh has ability to separate different
oil/water solution, and the separation efficiency reach
above 98.9%. Zhou et al. (2016b) reported the
preparation of a novel super-hydrophobic micro-
fibrillated cellulose aerogel with a super-hydrophobic
surface obtained by a simple, environmentally friendly
silylation reaction in the liquid phase. Although these
materials have high oil-water separation performance,
but the disadvantages such as complicated preparation
process, high cost, high toxicity and long reaction time
obstructed the large-scale practical application of
those materials in oil-water separation.

Herein, as illustrated in Scheme 1, we propose a
simple, environmentally friendly method to manufac-
ture a super-hydrophilic and underwater super-oleo-
phobic CHCM for efficient oil/water separation. To
the best of our knowledge, this is the first time that
cellulose treated by deep eutectic solvent (DES)
combined polymer poly (vinyl alcohol) (PVA) to
prepare hydrogel for mesh. The obtained CHCM has
super-hydrophilicity and underwater super-oleopho-
bicity, which was effectively drive oil/water separa-
tion by gravity. It is worth noting that CHCM is a
hydrophilic polymer containing a large amount of
carboxyl groups and hydroxyl groups, which exhibit
super-hydrophilic by hydrogen bonding to perform
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Scheme 1 Schematic illustration of preparing the CHCM and the corresponding process of oil/water separation

oil/water separation. As a hydrogel coating film,
CHCM also exhibits excellent separation ability for
different types of oil-water mixture, high separation
efficiency, and good recyclability and durability. In
addition, CHCM has good environmental stability
under high salinity conditions.

Experimental section
Materials

Microcrystalline cellulose (MCC) was purchased from
Guangdong Pharmaceutical Co., Ltd. The materials
were decomposed in water, filtered, washed with
ethanol and dried. Wire mesh was purchased from
Shanghai Haorui Hardware Screen Co., Ltd, which
was ultrasonicated in ethanol for 1.0 h before use.
Other solvents, reagents and greases used in the
separation experiments were provided by Shanghai
Aladdin Biotechnology Co., Ltd.

Fabrication of CHCM

DESs were prepared by mixing 21.02 g of choline
chloride (ChCl) and 18.98 g of ethanedioic acid (Ea)
at 90 °C for about 45 min. After obtaining a clear
solution, 0.2 g of microcrystalline cellulose was added
and mixed for 6 h and then the 0.5 wt% cellulose
solution was prepared. The pretreated wire mesh was
dipped in the cellulose solution at 90 °C for 4 h to
completely wet. The immersed the wet wire mesh in
an aqueous solution of 50 g of polyvinyl alcohol
(PVA) at room temperature for 1 h. For further
gelation, the mesh was subjected to a freeze—thaw
cycle (freezing at — 10 °C for 2 h and thawing at
30 °C for 2 h). The prepared sample was washed
several times with distilled water to remove residual
reagent (redundant oxalic acid et al.), and CHCM was
prepared.
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Oil/water separation

Oils such as n-hexane, pump oil, petroleum liquid,
hexadecane, cyclohexane, xylene, etc. were employed
in our study, and then the oil and water were mixed and
tested for oil/water separation experiments. The water
was dyed with methylene blue so that it can be clearly
distinguished from the oil. The CHCMs were placed
between two 25 mm diameter glass tubes. Firstly, the
CHCMs were thoroughly wetted with water before the
oil/water separation, then a mixture of oil and water
(50% v/v) was poured into the upper tube drive
through CHCM by gravity. The calculation method of
separation efficiency was based on the following
formula: n = (m1/m0) * 100, m0, m1 represented the
mass of water before and after the separation process,
respectively. In addition, the separation performance
of the mesh was measured in different concentrations
of NacCl solution.

Characterization

Field-emission  scanning electron  microscopy
(FESEM, Zeiss SYPRA 55, Carl, Germany) was used
to observe the microscopic surface. The wettability &
contact angle of water and oil on the mesh surface at
room temperature were tested using the OCA2000
contact angle measuring instrument from DPIC,
Germany.

Results and discussion
The fabrication and morphology of CHCMs

In view of the advantages of large-scale oil/water
separation ability, high mechanical strength and high
filter efficiency, wire mesh was used as oil/water
separation matrix in this research (Ma et al. 2017;
Zhang et al. 2018; Zhou et al. 2017). More impor-
tantly, the active metal surface provided a wide range
of methods for surface modification (Feng et al. 2004).
The cellulose was firstly dissolved in the DES (choline
chloride and oxalic acid). The detailed dissolution
mechanism was that the cellulose fiber bundles
unwound, and the fiber bundle was decomposed into
fiber chains by DES, when cellulose is added to DES.
The dissociated [Ch]™ cation and [C]]™ anion in DES
diffused into the cellulose molecular chain space and
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destroyed hydrogen bonds. The fiber bundles are
untangled into chains with the help of DES. Here DES
could not only be used as a solvent for dissolving
fibers, but also as a catalyst to modify the hydroxyl
groups in the cellulose surface.(Li et al. 2017; Liu et al.
2017). One carboxyl group of oxalic acid dehydrated
and condensed with the hydroxyl group on the
cellulose surface to attach the other carboxyl group,
resulting in an increase in the hydrophilicity of the
cellulose surface. The large number of hydroxyl
groups in PVA will firstly react with the carboxyl
groups on the surface of the dissolved cellulose to
bond together. As shown in Scheme 1, the wire mesh
was immersed in a hydrophilic DES cellulose solution
and easily coated (Thoniyot et al. 2015), the subse-
quent addition of PVA to the solution increased the
gelation in wire mesh. In particular, freeze/thaw cross-
linking method can form a stable hydrogel coating in
the CHCM surface, which was a simple, easy and eco-
friendly preparation process in a mild reaction condi-
tion (Chen et al. 2017).

In order to explore the mechanism of wire mesh
before and after coating, the samples were character-
ized and analyzed by SEM. The SEM image of the
initial wire mesh with different magnification was
shown in Fig. 1a and d. The average wire diameter and
mesh pore size was about 30 and 45 pm, respectively.
The uncoated wire was relatively flat and just a little
grooves and bulges on the wire mesh that might be
formed during extrusion during preparation and stor-
age (Zhang et al. 2018). After cellulose hydrogel
coated, a significant change was occurred on the
surface morphology of the wire mesh (Fig. 1b, e). The
cellulose hydrogel was tightly bound to the surface of
the wire mesh, while the pores leave only a partial
blockage for the passage of water (Fig. 1b). The
surface of CHCM showed microscopic roughness and
was arranged of microscale holes and hydrogel
flocculated particles in the magnified images (Fig. le).
The surface roughness of CHCM and the strong
hydrophilicity to water were the key to its super-
hydrophilicity in air and super-oleophobicity in water
(Ju et al. 2008). As shown in Fig. le, f, the hydrogel
layer has a thickness of about 20 pm. Super-hy-
drophilic and micro/nanostructures were critical for
functionalized mesh to adsorb and lock water to form
an oil-repellent barrier, creating underwater super-
oleophobicity (Li et al. 2012; Zhu et al. 2014) (see
Supporting Information Fig. S1). The mapping spectra
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Fig. 1 The SEM images of the samples: a, d The initial wire mesh at 500 and 5000 times magnifications, b, e the CHCM at 500 and
2000 times magnifications, ¢, f crosssection of CHCM at 500 and 2000 times magnifications

of original wire mesh (Fig. S2) showed that the major
element was Fe, Mn and C. After cellulose hydrogel
coated wire mesh (Fig. S3), the element of C and O
was increased in the surface and the voids of the mesh,
confirming the success of cellulose hydrogel coated of
CHCM.

The wettability of CHCMs

The surface wetting behavior of the initial wire mesh
and CHCM were measured in detail by a CA analyzer,
respectively. The test results suggested that the
wettability of a solid surface mainly depends on the
chemical composition and micro/nanostructure of the
material (Obaid et al. 2015; Zhou et al. 2016a, b). As
shown in Fig. 2a and Video S1, the intrinsic water CA
of the initial wire mesh was 104.98 £ 1.0° due to its
smooth surface. While coated with cellulose hydrogel,
CHCM displayed special wettabilities because the
mesh surface of the cellulose hydrogel after DES
treatment contained a large number of hydrophilic
groups (including -OH, —COOH, etc.) (Liu et al.
2017). In this case, the water droplets spread rapidly
on the CHCM with a CA value of 0° (Fig. 2b and
Video S2). In addition, 0° (Fig. 2c) of the contact
angle was detected when CHCM was infiltrated by
pump oil, which indicated its super-hydrophilicity was
the result of the synergy between the inherent high

surface energy and micro-roughness (Zhang et al.
2013a, b). The measured CA for 1, 2-dichloroethane
droplets was ~ 138°, exhibiting excellent underwater
super-oleophobicity. When the surface of the CHCM
was encapsulated by water, the micro-nano roughness
of the surface taped the water to form a water cushion,
followed with created repulsion between non-polar
(oil) molecules and the polar (water) molecules.
Therefore, CHCM exhibited remarkable super-oleo-
phobicity under water (Zhou et al. 2016a, b).

The analyses of oil repellency, oil resistance
and oil/water separation ability of CHCMs

The oil repellency and resistance function of the
CHCM are important performance factors for oil/
water separation. As the whole treatment process
demonstrated in Fig. S4d, we firstly wet the mesh in
water and then in the pump oil. Subsequently, the
mesh was removed into fresh water again. When
original wire mesh was immersed in water, the pump
oil sticks to the original screen even if it was shaken
arbitrarily in the water (Fig. S4b). On the contrary,
CHCM would become clean again when it was
soaking in water (Fig. S4c), which indicated that
CHCM has low adhesion to oil droplets. The obtained
results above indicate that the cellulose hydrogel layer
can effectively prevent CHCM from being
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() Air

Uncoated mesh

Coated mesh

Fig. 2 The wetting behavior of CHCM. a Photograph of the
water droplets on the initial mesh with a CA of 104.98°, b water
droplets and ¢ pump oil droplets completely diffusing on

contaminated or blocked by grease during the oil/
water separation process, thereby providing a possi-
bility for its good recyclability (Ao et al. 2018; Gu
et al. 2014).

Video S3, Video S4, Fig. 3 and Fig. S5 showed the
oil/water separation process of the original mesh and
CMCH, respectively. A 50% v/v mixture of pump oil
and water (methylene blue stained) was poured onto
the original wire mesh or CMCH, which was pre-
wetted with water and installed in the middle of the
oil-water separator (Zhang and Seeger 2011). Pump
oil and water was easily passed through the original
wire mesh by the gravity as driving force (Fig. S5a).
On the contrary, CMCH has the high efficacy to
separate oil and water. Pump oil was trapped above the
mesh and the water was easily passed through the
super-hydrophilic CHCM (Fig. S5b). The results
showed that the cellulose hydrogel coating provided
a large number of super-hydrophilic functional groups
and played an important role in oil/water separation. In
this way, the other oil/water mixtures could also be
successfully separated (Zhang et al. 2013b). Fig-
ure 3c, d is an optical microscope image of the oil—
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CHCM, and with a CA of 0°, d photograph of a pump oil drop
standing in CHCM under water condition

water mixture before and after separation by CHCM.
A large amount of oil droplets appeared in the
microscope field of the oil-water mixture before
separation (Fig. 3c). However, the supernatant of the
oil-water mixture separated by CHCM became trans-
parent and colorless, which proved that the oil droplets
could be effectively blocked and separated.

The CHCM was subjected to oil-water separation
test using hexane, cyclohexane, petroleum liquid,
pump oil, hexadecane or xylene. In the condition of
underwater, the CAs and SAs test results for six oils
were collected in Fig. 4a. As seen, CA was greater
than 130° and CA hysteresis was less than 5°,
indicating that CMCH has good underwater oil
repellency. The oil intrusion pressure (P;,) indicated
the maximum oil column height (h,,,x) that the CMCH
could withstand. The intrusion pressure (P;,) was
determined by the following formula (Chen et al.
2016; Xue et al. 2013):

Pin - pghmax
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Fig. 3 Photographs of the oil/water separation process using
a the original wire mesh and b the CHCM. Pump oil was used as
the typical oil and dyed water with methylene blue for clear
observation. Optical microscope images of the oil-in-water

where p was the density of the oil and g was the
acceleration of gravity. Based on the measured hy,,x
value, the P;, of oil was calculated as shown in Fig. 4b.
The intrusion pressure of n-hexane and hexadecane
was more than 3.5 kPa, and the intrusion pressure of
other oils was also greater than 2.0 kPa. The CMCH
has a good ability to support oil when immersed in
water.

Oil/water separation efficiency (1) was a separation
capability which could quantitatively describe the
CMCH (Tao et al. 2014). As seen in Fig. 4c, the
separation efficiency of CHCM for the pump oil/water
mixture was about 98.8%, and the separation effi-
ciency for other oil-water mixtures was over 98.0%.
The water flux was an important indicator of the

10 pm.

emulsion ¢ before and d after separation by the CHCM. Insets in
c and d: photos of the emulsion ¢ before and d after the filtration
process

separation ability by gravity of the mesh. The formula
for calculating the water flux (Fyaer) of CMCH was as
follows (Gao et al. 2014; Huang et al. 2015; Zhou et al.
2013):

Fyater = V/St

where V was the volume of water in the oil-water
mixture, S was the cross-sectional area of the mesh
contact oil-water mixture, and t was the time required
for complete penetration of water (Xue et al. 2013).
The water flux of the CMCH reached above
20,000 L m~2 h™! for all oils tested. The water flux
of hexane and hexadecane is as high as
30,000 L m~2 h~!(as shown in Fig. 4d). The water
flux of CMCH was much higher than many other
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Fig. 4 a Underwater CAs and SAs of different oils on CHCM,
b intrusion pressure of the pre-wetted CHCM for different oils,
c the separation efficiency and d water flux of different oil/water
mixtures. Oil/water separation efficiency (17) was a separation
capability which could quantitatively, e durability of the
CHCM. Separation efficiency values after continuous

meshes (Table S1), and has obvious advantages in
quickly separating large amounts of oil/water mix-
tures. It was mainly the function of unblocked pores
and hydrophilic gel layer on the mesh. In many
respects, CHCM’s performance in oil-water separa-
tion was superior to the various materials reported
earlier (Ao et al. 2017, 2018; Chen et al. 2016; Xue
et al. 2011).

The purity of the separated oil was examined by
infrared spectroscopy (FTIR) as shown in Fig. S6a, all
of the absorption bands were characteristically
vibrated by the alkane and ester of the oil itself. No
new functional groups entered through the oil/water
separation process, which implied that the high purity
of the separation oil. The results showed that no other
impurities were present in the six separated oils (Zhou
et al. 20164, b).

The recyclability of CMCH

The durability of the CHCM was a significant issue in
the practical application of oil/water separation. The
recoverability of CMCH was tested by circulating oil/
water separation for more than 20 times (Xue et al.
2013). The CHCM was firstly used to separate the
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separation of the pump oil/water mixture for 10 cycles and the
hexadecane/water mixture for 10 cycles, f separation efficiency
of the CHCM for separating the pump oil/water mixture in a
high salt environment and immersing them in different
concentrations of NaCl solution

pump oil/water mixture for 10 cycles and then
hexadecane/water was separated for another 10 cycles
(Chen et al. 2016; Ma et al. 2017). As shown in
Fig. 4e, the separation efficiency remained above 98%
for the pump oil/water mixture and the hexadecane/
water mixture at 20 cycles, and the CHCM remained
20 times after the excellent underwater oil repellency
reuse (Fig. S7a), which was showing good recyclabil-
ity of CMCH oil/water separation. As noted above, the
super-hydrophilicity resulting from hydrogel coating
was critical to underwater super-oleophobic perfor-
mance. After hydrogel coating, the surface of the wire
mesh could be minimized to maintain a balance
between the hydrophilic surface (high surface energy
medium) and the hydrophobic air (low surface energy
medium) (Gao et al. 2014; Xue et al. 2011). Therefore,
when the sample was stored in the air, the super-
hydrophilicity of the coated hydrogel surface was
lower. However, when the treated CHCM was stored
in water (high surface energy medium), the interface
energy was low, so the wettability recovery was
greatly limited (Thoniyot et al. 2015). When CMCH
was used for oil-water separation, it must be wetted
with water to maintain its stability well. As shown in
Fig. S7b, the underwater CAs of the pump oil did not
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change much after immersing in water for 90 h,
indicating that the underwater super-oleophobicity
was stable. After 90 h of immersion, the separation
efficiency of the pump oil/water mixture was main-
tained above 98%, indicating that the wet mesh has
strong oil/water separation ability.

The anti-salty capability of CHCMs

Considering that oil spills often occur at sea, actual
oil-water separation often occurs in seawater with
high salt concentrations (Wang et al. 2015; Li et al.
2016; Liu et al. 2016). Conventional membrane
separation materials were subject to high salt and
serious pollution during oil-water separation, result-
ing in a sharp drop in separation flux and oil-water
separation efficiency. The research and analysis of the
anti-salty capability of CHCM was shown in Fig. S8.
The process of CHCM separating oil and saturated
NaCl mixed solution was showed in Fig. S8a, b. The
AgNOj; solution was placed in a bottom beaker to
detect C1™ in the separated solution. When the mixed
solution was poured into CHCM, the oil was blocked
on the surface of the mesh, but the saturated NaCl
solution quickly penetrates into the CHCM under the
action of gravity (Maguire-Boyle and Barron 2011).
There was no apparent light-yellow pump oil in the
white precipitate of AgCl, which was demonstrated
good screening ability. For different salt concentra-
tions of NaCl solution (1%, 5%, 10%, 15%, 25% and
saturated NaCl solution) and pump oil mixture, the
separation efficiency was above 98% (Fig. 4f), the
results showed that the mesh has good salt resistance.
The excellent salt tolerance might be due to the strong
hydrogen bonding enhancing the stable cross-linked
hydrogel network. These characteristics were highly
desirable in actual seawater spill cleanup (Feng et al.
2004; Thoniyot et al. 2015).

The mechanism of CMCH

In order to study the super-hydrophilic characteristics
of CHCM surface, XPS spectroscopy was used to
determine the functional groups on the surface of the
material. The high-resolution of Cls and Ols in XPS
was shown at Fig. 5. The Cls spectrum of CHCM is
decomposed into three peaks (Fig. 5a). The carboxyl
function of carbon, such as -COOR and -COOH at
289.2 eV with hydrophilic properties occupies 14.2%.

The spectrum of the Ols of the hydrogel is decom-
posed into four peaks (Fig. 5b). The hydroxyl content
is 15.4%, and the hydrogen bond content of CHCM is
as high as 41.2%. Due to the presence of these super-
hydrophilic functional groups, the CHCM oil-water
separation characteristics can be highlighted. The
hydrogel mesh formed by the combination of DES and
cellulose has super hydrophilic and oil-repellent
properties. Therefore, CHCM plays the role of
super-hydrophilicity and underwater oleophobicity in
the process of oil-water separation. In addition, such
interesting property originated from the super-hy-
drophilic functional groups (-OH, —-COOH and —
COOR) in the CHCM, which interacted with water
molecules to form a thin layer of water on sample
surface, and the inherent immiscibility between water
and oil resulted in the repellence to oil compounds
during the filtration process (Cai and Ma 2019; Huang
et al. 2015; Phiri et al. 2019; Xue et al. 2011; Zhang
et al. 2018).

Finally, the paper proves that the oil-water sepa-
ration material obtained by combining DES with
cellulose and wire mesh has certain advantages
through testing and characterization. DES dissolved
cellulose was a relatively environmentally friendly,
easy-to-obtain process at this stage compared to other
dissolved cellulose processes.

Conclusion

In summary, we report the use of DES to dissolve
cellulose and coating a wire mesh to form a hydrogel
for oil/water separation. The results of SEM and FTIR
showed that the surface of cellulose was modified after
DES dissolved cellulose, and hydrophilic carboxyl
group coverage was obtained. The prepared super-
hydrophilic mesh has super-oleophobic property in
water, and achieve 98% oil-water separation effi-
ciency. After several cycles of separation, CHCM
could still maintain efficient oil/water separation
efficiency. It was maintaining a high CA even after
long-term underwater storage. It shows that CHCM
has good recyclability and durability. In particular, the
production scheme is simple, environmentally
friendly, efficient and versatile, which could provide
a new perspective on the actual solution to the
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Fig. 5 High-resolution (a) (b)
a Clsand b Ols XPS
spectra of CHCM
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pollution caused by oily industrial wastewater and oil
spills.

Supporting information

Figure showing the schematic illustration of the
separation mechanism, the mapping of uncoated/-
coated wire mesh and oil repellence and anti-oil
fouling properties of the CHCM.

Process of water droplets entered an original wire
mesh, showing good hydrophobicity (AVI). The
cellulose hydrogel coated wire mesh droplets perme-
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