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DO 10.1039/X0XX00000x mixtures, especially those stabilized by surfactants has proven to be extremely challenging.
To cope with these challenges, a novel and scalable strategy was developed for the synthesis
www.rsc.org/ of superhydrophilic and prewetted oleophobic nanofibrous membranes by the facile
combination of in situ cross-linked polyethylene glycol diacrylate nanofibers supported on
polyacrylonitrile/polyethylene glycol nanofibrous (x-PEGDA @PG NF) membranes. The as-
prepared x-PEGDA @PG NF membranes have shown superhydrophilicity with ultralow time
of wetting and promising oleophobicity to achieve effective separation for both immiscible
oil/water mixtures and oil-in-water microemulsions solely driven by gravity. These new
membranes having good mechanical strength of 14 MPa and mean pore size between 1.5-2.6
um have shown very high flux rate of 10,975 L m™ h' with extremely high separation
efficiency (residual oil content in filtrate is 26 ppm). More importantly, the membrane
exhibits high separation capacity, which can separate 10 L of an oil/water mixture
continuously without a decline in flux and excellent antifouling property for long term use.
Thus making them an important candidate for treating wastewater produced in industry and
daily life, crude oil, especially for high viscosity oil purification.
Introduction limitation of these type of membranes is the low flux and quick
decline of permeation due to oil adsorption and/fouling issues

In the last decade, increased oily wastewater due to rapid which are harder to clean. In addition, these selectively

industrialization in global cities and multiple oil spill disasters
within the marine ecosystems have highlighted the challenges
of effective oil/water, especially the oil/water micro- and nano-
emulsions separation.” ? Clean-up and recovery from an oil
spill is difficult and depends upon many factors, including the
type of oil spilled, the temperature of the water (affecting
evaporation and biodegradation), and the types of shorelines
and beaches involved.”> Conventional methods for cleaning up
such as, bioremediation, controlled burning, dispersants, air
flotation, skimming, oil-absorbing materials, and flocculation
are limited by low separation efficiency, energy-cost, and
complex separation instruments, and also not much effective
for separating surfactant-stabilized microemulsions with a
dispersed droplet size below 20 um.**®

Diverse interfacial effects of oil and water towards the
surfaces and by utilizing the superwetting behaviour of solid
surfaces to design an oil/water separation process is considered
an effective method.”'' A series of superwetting materials
along with polymer based filtration membranes were also
employed for the separation of surfactant-stabilized oil-in-water
emulsions driven by external pressure.'>'* But the most serious

This journal is © The Royal Society of Chemistry 2013

wettable materials are not applicable for emulsified oil/water
separation because the pore sizes in these materials (>50 pm)
are much larger than the droplet sizes of the emulsion (<20
pm)."> In last decade, superhydrophobic/superoleophilic
materials in combination with surface chemistry and roughness
have been broadly investigated and used to remove oils from
water.'® !7 Water being denser than oils tends to form a barrier
layer to prevent oil permeation and creates fouling problems.
Consequently, superhydrophobic materials are unsuitable for
the separation of water rich oil/water mixtures or oil-in-water
emulsions.'®

Practically, developing superhydrophilic and oleophobic
surfaces may provide an alternative and feasible way for
oil/water separation, but due to the higher surface tension of
water than oil, the oleophobic surfaces are also hydrophobic.'
The most effective way to achieve oleophobicity is by
introducing fluorinated low surface energy materials on
20-23 Besides the
environmental hazards, the fluorinated oleophobic surfaces are
only stable in air, and lose their oleophobicity in water.?*%

micro/nano-hierarchical structures.
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Scheme 1 Schematic illustration of in situ cross linking approach for the
fabrication of x-PEGDA@PG NF membranes.

Recently, by taking advantage of high energy materials with
superhydrophilicity to construct oleophobic prewetted surfaces
with oil/water/solid three-phase systems were proposed.
Following this strategy, oleophobic surfaces could be easily
achieved in water by a simple and fluoride-free way. By
combining the simplicity and strength of electrospinning
method with right type of material, the functional fibrous
could be

fibrous

membranes at and microscale levels

d.27_30

nano-

fabricate Superhydrophobic electrospun
membranes including polystyrene, polyvinylidene fluoride,
poly(methyl methacrylate), and polyurethane have already been
fabricated.'> 3'"** Also reported is the preparation of electrospun
porous polystyrene membranes for oil adsorption.**>®

However, the fabrication of high surface energy fibrous
membranes and prewetted oleophobic characteristics with a
high separation efficiency and large separation capacity is still
ambiguous and highly required.>’>° In this contribution, we
present the fabrication of superwetting superhydrophilic and
prewetted oleophobic nanofibrous (NF) membranes by the
combination of in situ cross-linked functional NF layer of
diacrylate (PEGDA) deposited over

polyacrylonitrile/polyethylene glycol (PG NF) membrane, as

polyethylene glycol

shown in Scheme 1. Key to our development design is that the
use of x-PEGDA NF layer has not only amplified the
superhydrophilicity of PG NF membrane, but also endowed the
required oleophobicity to the prewetted NF membranes. Which
is capable of providing an effective gravity driven separation
for both oil/water mixture and oil-in-water emulsion with
ultrafast flux rate and very high separation efficiency.

Experimental

Materials

Polyacrylonitrile (PAN, M,=90, 000) was purchased from
Kaneka Co., Ltd., Japan. PEGDA, polyethylene oxide (PEO)
M,,=60, 000), 1-hydroxycyclohexyl phenyl ketone (HCPK),
sodium dodecyl sulphate (SDS), and oil red were purchased
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from Aladdin Chemistry Co. Ltd.,, Shanghai, China.
Polyethylene glycol (PEG) (M,,=2000), was purchased from
Sinopharm Chemical Reagent Co. Ltd. N,N-dimethylformamide
(DMF), dichloromethane, and hexane were
Shanghai Chemical Co., China.
analytical grade and were used without further purification.

supplied by

All chemicals were of

Fabrication of PG NF membranes

PAN/PEG (8/0, 8/2,
prepared by dissolving in DMF with stirring for 24 h. The

10/2, and 12/2 w/w) solutions were

electrospinning process was performed using the DXES-1
spinning equipment (Shanghai Oriental Flying Nanotechnology
Co., Ltd., China). Firstly, the PAN/PEG solutions was loaded
into a syringe and injected through a metal needle with a
controllable feed rate of 1 mL/h. A high voltage of 20 kV was
applied to the needle tip, resulting in the generation of a
continuous jet stream. The resultant fibrous membranes were
deposited on woven polyester (PET), non-woven polypropylene
(PP), and aluminium foil covered grounded metallic rotating
roller at a 15 cm tip-to collector distance, and then dried in
vacuum at 80 °C for 2 h. The obtained membranes from various
concentrations (x wt%) of PAN with and without PEG were
denoted as PAN-x and PG-x NF membranes.

Fabrication of x-PEGDA @PG NF membranes

The solutions of PEGDA/PEO/HCPK (10/3/1 w/w/w) were
prepared in water with continuous stirring for 6h. The above
PG-x NF membranes were used as substrate to deposit
PEGDA/PEO nanofibers, using high voltage of 20 kV with
controllable feed rate of 1 mL/h at a 15 cm tip-to collector
distance. The as deposited membranes were cross-linked for 30
sec using a UVP XX-40S ultra violet bench lamp (wavelength,
254 nm), x-PEGDA @PG-x NF
membranes.

and were denoted as

QOil/water separation experiment

Oil/water mixture and oil-in-water emulsion were used for
separation experiment. Oil/water mixtures were prepared by
mixing water and sunflower oil with the weight ratio 9:1 v/v.
For convenience oil was dyed red using oil red. Oil-in-water
emulsions were prepared by mixing water and sunflower oil in
a ratio of 9:1 v/v with 0.1 mg of SDS per ml of emulsion. And
was sonicated under a power of 2 kW for 2 h to produce a white
and milky solution. Other low and high density oil/water
[hexane/water (H/W), petrol/water (P/W), crude oil/water
(Co/W, soybean oil/water (S/W), and dichloromethane/water
(D/W)] mixtures were also used for separation experiments.
Commonly, the obtained emulsions could be stable for 30 min
when stored under ambient conditions. The droplet size of oil-
in-water emulsions are in the range of 5-40 um as observed by
optical microscopy. The as-prepared NF membrane was fixed
between two glass vessels with a diameter of 39 mm. The
above oil/water mixtures and oil-in-water emulsions were
poured into the membranes and the separation was achieved
solely driven by gravity.

This journal is © The Royal Society of Chemistry 2012
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Fig. 1 FE-SEM images of (a) PG-8, (b) PG-10, and (c) PG-12 NF membranes. (d)
Stress-strain curve for the relevant PG-8, PG-10, and PG-12 NF membranes.

The filtrate water was collected and the residual oil content in the
filtrate was calculated by measuring chemical oxygen demand
(COD) in the water (detailed procedure in supporting information).

Characterization

The morphology of membrane was examined by a field
emission scanning electron microscope (FE-SEM) (S-4800,
Hitachi Ltd. Japan). FT-IR spectrograph was carried out by a
Nicolet 8700 FT-IR spectrometer. The mechanical properties of
the membranes were performed on a tensile tester (XQ-1C,
Shanghai New Fiber Instrument Co., Ltd., China). The porous
structure was characterized using a capillary flow porometer
(CFP-1100AI, Porous Materials Inc., USA). Water contact
angle (WCA) (3 pL) and oil contact angle (OCA) (3 uL)
performed using a contact angle
goniometer Kino SL200B equipped with tilting base.

measurements were

Results and discussion

Owing to the different interfacial properties of oil and water,
the design of NF membranes requires dual wetting behaviour
(robust superhydrophilicity and oleophobicity) with comparable
mechanical strength for an effective oil/water separation
process. The representative FE-SEM image of NF membranes
obtained by varying the concentrations of PAN (8, 10, and 12)
with fix concentration of PEG (2 wt%) revealed a randomly
oriented 3D nonwoven structure (Fig. la-c). As shown in Fig.
la, PG-8 NF membranes exhibited thinner (average diameter of
63 nm) and comparatively thicker (average diameter of 128
nm) nanofibers (indicated by red dotted lines) without any
adhesion among the adjacent nanofibers. The formation of
these fibers could be attributed to the presence of small amount
of PEG in the electrospinning solution.*’ Because at higher
concentrations (PG-10 and PG-12) the content of PEG
decreases with respect to PAN concentration and thus uniform
NF morphology with increased average fibrous diameter of 157
and 228 nm was obtained (Fig. 1b,c).

This journal is © The Royal Society of Chemistry 2012
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The addition of low molecular weight PEG to the PAN
electrospinning solution has improved the mechanical strength
of resultant PG-x NF membranes by improving the packing
density of the resultant membranes.*" ** Fig. 1d present the
typical stress-strain curve of relevant PG-x NF membranes,
exhibiting a typical nonbonding structure. It showed a linear
elastic behaviour in the first region under a stress load until
reaching to the yield point, and then curves presented a
nonlinear elastic behaviour until break due to the slip and “pull
out” process of the individual PG-x NF along the stress
direction.**** The relevant membranes of PG-8, PG-10, and
PG-12 possessed the robust tensile strength of 9.36, 11.24, and
14.01 MPa, respectively, indicating a regular increase of tensile
strength with increasing the concentration. This is likely due to
an increased friction force between PG fibers and the enhanced
electrospinnability with increasing concentration of PAN
solutions.

To improve the water permeability and to decrease the
PG-8, PG-10, and PG-12 NF
membranes were further top coated by electrospun fibers of
PEGDA/PEO.

fouling (oleophilicity),
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Fig. 2 FE-SEM images of (a) PEGDA@PG-8 and (b) x-PEGDA@PG-8 NF
membranes at low and high resolution. (c) FT-IR spectrum of PEGDA and x-
PEGDA NF membranes.
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Fig. 3 Optical snapshots of dynamic contacting processes of water droplets onto
(a) PAN-8, (b) PG-8, and (c) x-PEGDA@PG-8 and oil droplets onto (d) PG-8 and (e)
x-PEGDA@PG-8 NF membranes.

Fig. 2a,b present the FE-SEM image of top surface of
PEGDA@PG-8 and cross-linked x-PEGDA@PG-8 NF
membranes. PEGDA @PG-8 NF membranes have shown the
randomly oriented three-dimensional nonwoven structures
(average diameter of 313 nm), with prominent adhesion among
the adjacent nanofibers. Which could be attributed to the
incomplete solvent (water) evaporation that has good solubility
for both PEGDA and PEO. Fig. 2b has shown increased fibrous
diameter (377 nm) with more filled gaps among the adjacent
fibers to confirm the accomplishment of in situ cross-linking of
PEGDA/PEO fibers deposited at various PG-x NF membranes.
The mechanical behaviour and crosslinking reaction of x-
PEGDA@PG NF membranes is presented
information. FT-IR spectrum further confirms the in situ cross-
linking of PEGDA (Fig. 2¢).**" The bands appeared at 1633,
970, and 806 cm’' are attributed to the double bonds of the
acrylates (Fig. 2c, upper curve), while these peaks of double-

in supporting

bonds greatly reduced after in sifu cross-linking (Fig. 2¢c, lower
curve), which suggested that most of the [JC=C[ bonds had
been polymerized. The bands at 1720 and 1197 cm™ were
assigned to the C=0 stretching and C[]O asymmetric stretching
vibration of group (LCCIOLICH), respectively. After UV-
irradiation the height of these peaks changed little, indicating
that the inherent structures of PEGDA except [JC=C[] bonds
were not damaged.*®

Presence of acrylonitrile and vinyl co-monomers in the
skeletal chain of the PAN make it hydrophilic, thus leading to a
high surface energy of larger than 40 mN m™'.*° The addition of
extremely hydrophilic low molecular weight PEG to the PAN
further augmented the
hydrophilicity of resultant PG-x NF membranes.

electrospinning  solution  has

4| J. Name., 2012, 00, 1-3
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Fig. 4 Pore size distribution and cumulative porosity distribution curves of
relevant x-PEGDA@PG-8, x-PEGDA@PG-10, and x-PEGDA@PG-12 NF
membranes.

Fig. 3 showed the optical snapshots of dynamic contacting
processes of water and oil droplets onto the surfaces of various
membranes. As in Fig. 3a, the PAN-8 NF membrane has shown
high time of wetting as compare to the PG-8 NF membrane,
which has shown ultrafast spreading of water droplet on the
surface (Fig. 3b). The nano structured fibrous architecture and
extremely hydrophilic constituent of NF membrane promoted
the water droplet spreading and permeating process by the
capillary effect from nano-capillaries.*” *° Similar hydrophilic
trend has been observed for the x-PEGDA@PG-8 NF
membranes (Fig. 3c). For oleophobic characteristics, PAN-8
has shown superoleophilicity as oil immediately spread into the
membrane (Fig. S5). For prewetted PG-8 the time of wetting of
oil droplet is also very short, indicating the complete
permeation of oil droplets on to the surface of NF membranes
(Fig. 3d). On contrary, the prewetted x-PEGDA@PG-8 NF
membrane has shown sufficient resistance towards the oil
permeability with OCA of 106°, which could be attributed to
the antifouling properties of cross-linked PEGDA molecules
(Fig. 3e). Interestingly, very small decrease in OCA has been
observed after 60 sec, thus proving x-PEGDA@PG-8 NF
membranes with ultrafast superhydrophilic and pre-wetted

This journal is © The Royal Society of Chemistry 2012
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oleophobic characteristics for effective oil/water separation
experiments. Although PG-8 NF membrane are also pre-wetted,
but as water immediately permeated through the membranes,
thus allowing the oil droplets to pass through the membrane
presenting oleophilicity of the membrane. But in case of x-
PEGDA@PG-8 NF membranes, the
immediately permeated thorough the membranes, but also

water not only
retained within the interstitial spaces of in-sifu cross-linked
network of x-PEGDA. The pre-wetted oleophobic interface
with low affinity for oil droplets prevents the as-prepared
membranes from fouling by oils, which makes the recycling of
oil easy.

The superhydrophilic and prewetted oleophobic property is
attributed to the micro/nano-level hierarchical structures which
are peculiar feature of electrospinning method and the
superhydrophilic nature of in situ cross-linked x-PEGDA @PG
NF membranes. When the as-prepared membrane is immersed
in water, water could be trapped into the hierarchical structure
to then form an oil/water/solid interface in the presence of oil.>!
The trapped water serves as a repulsive liquid phase for oils to
contact with the NF membrane directly. For an oil/water/solid
system with a rough surface, the contact angle could be
expressed by the Cassie model as shown in equation (i):>>

cosf’ =fcosf + fl11 @)
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Fig. 6 Schematic illustration of separation characteristics of oil in water emulsion
by using x-PEGDA@PG-8 NF membrane. (a) Mono-disperse oil in water emulsion,
(b) emulsion droplet approaching the x-PEGDA@PG-8 NF membrane, (c) static
contact angle of emulsion to the x-PEGDA@PG-8 NF membrane, and (d)
schematic of dynamic oil water separation.
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Fig. 5 The solely gravity-driven separation for oil water mixture using x-
PEGDA@PG-8 NF membrane. For convenience oil was dyed red. (b) Photographs
of oil water mixture (soybean oil) and water and oil collected after separation. (c)
Photographs and optical micrographs of the oil/water emulsion before and after
separation.

This journal is © The Royal Society of Chemistry 2012

Where f, is the area fraction of the solid, @ is the contact angle
of the oil droplet on a smooth surface in water, and 8 is the
contact angle of the oil droplet on a rough surface in water. A
smaller area fraction means a lower chance of the oil droplet
contacting the solid surface, and the larger the oil CA 6~ in
water. The as-prepared x-PEGDA @PG NF membranes has a
very rough surface, which implies a rather small area fraction
of solid and a large oil contact angle (Fig. 3e).

The pore size, pore size distribution, and porosity of NF
membranes are important parameters which should be
considered for effective oil/water separation.’> >* The rupturing
tendency of harden jet surface prior to drying of fibers in
electrospinning process played an important role for the
development of micropores in the fibers. Fig. 4a represent the
typical pore size distribution of x-PEGDA@PG-8, x-
PEGDA@PG-10, and x-PEGDA@PG-12 NF membranes
measured through a capillary flow porometer. It is worth noting
that the pore sizes of all the NF membranes were in the range of
1.5-2.4 pm. The mean flow pore size and the porosity of the
relevant membrane are tabulated in the Table S1.

The decrease in the porosity is revealed with increase of NF

diameter, and the maximum porosity value for the x-
PEGDA@PG-8 NF membrane is representing the low
tortuosity which is an indicator of geometry and

interconnectivity of the pores.>* Moreover, the cumulative pore
size distributions (Fig. 4b.) of x-PEGDA@PG-8, x-
PEGDA@PG-10, and x-PEGDA@PG-12 NF membranes
presented that most of the pores are concentrated between 1.6
to 2.4 um.

J. Name., 2012, 00, 1-3 | 5
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emulsions. As a proof of concept, the solely gravity driven
oil/water separation experiment was performed as shown in
Fig. 5a. The x-PEGDA @PG-8 NF membrane was fixed at the
middle of the device and a 200 mL of oil/water mixture (with a
volume ratio of 150:50) were poured onto the upper glass tube.
The quickly the prewetted
superhydrophilic membranes and reached to the conical flask,
and all of the oil was retained above the membrane due to the

water passed  through

oleophobicity of the membranes. No external driven force was
used during the fast separation process (within 100 sec). For
further clearance, Fig 5b showed the images oil/water mixture
as well as of corresponding oil and water after the separation.
Over 149.5 mL water and 49.5 mL oil were collected,
suggesting extremely high separation efficiency of the x-
PEGDA@PG-8 NF membrane. More importantly, neither
water nor oil is observed in collected oil or water, respectively,
indicating a high purity and effectiveness of the separation of
the oil/water the x-PEGDA@PG-8 NF
membrane. For real time testing of the separation capability of
the x-PEGDA@PG-8 NF membrane, a surfactant-stabilized
(SDS) oil-in-water emulsion with a droplet size at the
micrometer scale was prepared. 100 mL emulsion was poured
onto the prewetted x-PEGDA@PG-8 NF membrane, water
the membrane and the
emulsion droplets were demulsified upon touching to the

mixture using

immediately permeated through
membrane and the oil was retained above. Fig. 5¢ shows the
optical microscopic images of original emulsion and the
corresponding collected filtrate. Not a single droplet is
observed in the collected filtrate, indicating the effectiveness of
the x-PEGDA @PG-8 NF membrane for separating oil-in-water
microemulsions.

For clear understanding of effective oil-in-water emulsion
separation, a schematic has been presented in Fig. 6.
Monodisperse oil-in-water emulsion with average diameter of
oil droplets of 20 pm has been presented in Fig. 6a. The 5 uL
droplet of oil-in-water emulsion using contact angle goniometer
approaches to the surface of x-PEGDA @PG-8 NF membrane

(Fig. 6b).

In case of highly porous membrane flow takes place through
shorter and less tortuous path resulting in a smaller resistance or
pressure drop with high permeability. The permeability of the
membranes could also be measured by the mean flow pore
diameter which revealed that the fifty percent of the flow is
through pores larger than the mean flow pore diameter and the
rest of the flow is through smaller pores. The mean flow pore
diameter is obtained from the mean flow pressure yield a value
of 1.48, 2.01, and 2.28 pum for x-PEGDA@PG-8, x-
PEGDA@PG-10, and x-PEGDA@PG-12 NF membranes,
respectively confirming the maximum permeability of x-
PEGDA @PG-8 NF membrane. As per expectations, the as-
prepared x-PEGDA@PG NF membranes, which combine the
selective wettability and high porosity, have demonstrated
efficient separation for both oil/water mixtures and oil-in-water

6 | J. Name., 2012, 00, 1-3
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Once the oil-in-water emulsion droplet contacts the x-
PEGDA @PG-8 NF membrane surface, the measures contact
angle was 45° at 0 s (Fig. 6¢). Immediately after touching, the
water phase in the form of droplets permeates into the x-
PEGDA @PG-8 NF membrane pores leaving oil in the form of
small droplets (Fig. 6d). Thus, exhibiting the satisfactory
performance for separation of oil-in-water emulsion using x-
PEGDA @PG-8 NF membrane.

For detailed investigation and for mass production, the
largest size of membranes (60 x 60 cm) of x-PEGDA @PG NF
membranes were facilely fabricated by using a 16 needles
multi-jets electrospinning device (Fig. S5). It is quite possible
to realize large scale industrial production by further enlarging
the equipment. After that a series of oil/water mixtures as well
as oil-in-water emulsions were poured onto the all types of NF
membranes (x-PEGDA @PG-8, x-PEGDA@PG-10, and x-
PEGDA @PG-12). Water immediately permeated through all
these membrane and oil retained above and the oil content in
water after only one separation was measured. As shown in Fig.
7a, for all types of NF membranes, the measured oil contents in
the filtrate for oil/water mixture was below 26 ppm. Which is
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attributed to the presence of bigger oil droplets in the mixture
that could not pass through the x-PEGDA @PG NF membranes.
The oil content increases slightly from x-PEGDA @PG-8 to x-
PEGDA@PG-12 NF membrane. This is the lowest value
achieved by a NF membranes which is solely gravity-driven for
oil/water separation reported so far. For oil-in-water emulsions,
the residual oil contents were all about 60 ppm (higher values
as compere to oil/water mixture separation), which might be
due to the presence of extremely low sized few oil micro
droplets. The water fluxes of NF membranes were also
calculated by measuring the time for oil/water mixture of a
certain volume to permeate through the specific area of the NF
membrane. The measured fluxes of x-PEGDA@PG-8, x-
PEGDA@PG-10, and x-PEGDA@PG-12 NF membranes
without any substrate and also deposited on PET woven and PP
non-woven has been presented in Fig. 7b. The highest fluxes of
4900, 9756, and 10975 L m?> h' were achieved for
PEGDA @PG-8, PEGDA@PG-10, and PEGDA@PG-12 NF
membranes without using any substrate. Which was remarkably
higher than that of commercial UF filtration membranes
(usually with a flux of less than 300 L m? h), and also form
electrospun composite NF membrane (flux of less than 400-500
L m? h").'% As flux is the measurement of permeation of water
through the membranes within the calculated time, thus the
values of these remarkable flux rates of as-prepared NF
membranes is the clear indication of ultrafast oil/water
separation with respect to the pore size of the membranes.
Although, nanowire haired meshes have also shown very high
flux of 127 000 L m™ h™', but the mean pore size (64 um) of
working membranes were also very high, and if the pore size
was reduced to 1 um, the flux have also shown great decline to
500 L m™? h™'.>® So our membranes with mean pore size in the
range of 1.4-2.4 pym have given maximum values of fluxes
reported so far. Additionally we have also measured the flux
rates of oil/water mixtures using various densities of oils, as
shown in Fig. 8. For H/W, P/W, Co/W, and S/W we got the
comparable values of fluxes of 12656, 11976, 11565, and
10975 L m? h™', because the densities of all types of oils lie in
the range of 650-926 Kg m® (Low density oils). On contrary,
we observed a decline of flux using C/W mixture (5853 L m™
h™') due to high density of oil, which make a barrier layer at the
top of membrane and thus reduced the permeability of water.
The oil content in the permeate was also presented in Fig. §,
which lie in the range of 16-24 ppm. So our membranes are
suitable for variety of oil/water mixture separation.

Moreover, the antifouling performance presented in Fig. 9a
indicated the outstanding reusability of the NF membranes,
with nearly no flux decrease after 10 cycles and very minute
decrease in flux after 20 cycles for all types of NF membranes.
For antifouling performance, water was passed through the
membrane and simultaneously oil accumulated above the
membrane was continuously removed to avoid the blocking of
water permeation. Continuous separation of an oil water
mixture up to 10 L was achieved by using a x-PEGDA @PG-8
NF membrane as shown in Fig. 9b. During the whole testing
process, very minute flux decrease occurred and the oil content
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in the filtrate remains around 25 ppm. This result indicated the
capability of the membrane for treating a large amount of an
oil/water mixture and a superior antifouling property for long
time usage.

Conclusions

In summary, we have demonstrated a facile approach for

fabricating superhydrophilic and prewetted oleophobic
nanofibrous membranes that allow effective separation of both
water rich immiscible and monodispersed oil/water mixtures
with extremely high separation efficiency and separation
cross-linked x-PEGDA@PG NF

membranes have shown superhydrophilicity with ultralow time

capacity. The in situ
of wetting and promising oleophobicity (OCA = 105°). Solely
driven by gravity, x-PEGDA@PG NF membranes with mean
pore size between 1.5-2.6 pm have shown very high flux rate of
10,975 L m? h' which was much larger than those of
commercial filtration membranes with similar permeation
properties. More importantly, the membrane exhibits good
separation efficiency (residual oil content in the filtrate is 26
ppm) as well high separation capacity, which can separate 10 L
of an oil/water mixture continuously without a decline in flux
and excellent antifouling property for long term use. Thus
making them an important candidate for treating real emulsified
wastewater on a mass scale and for crude oil purification
especially for high viscosity oil purification.
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