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The rational design of material structure is of great importance to the membrane material in water manipulation and
management. Among them, by designing materials and structures on both sides of Janus membranes with porous structures,
membranes with opposite wettability can be prepared to show directional liquid transport effects. However, the Janus
membrane has the weakness of interfacial bonding due to the difference in the material and structure of the two layers. Here,
we report a method to improve the interfacial bonding force of the two layers. Janus membrane is prepared using
polyvinylidene fluoride hexafluoropropylene (PVDF-HFP) and cellulose acetate (CA) through the electrospinning method and
then treated with sodium hydroxide (NaOH) solution. The as-prepared Janus membrane has a hydrophilic-hydrophobicity
gradient and a strong bonding interface obtained by adjusting the chemical composition and microstructure. The NaOH
solution plays a dominant role in forming hydrophilic-hydrophobicity gradient and enhancing the interface bonding between
the bilayer membranes. The results show that this Janus membrane can achieve the purpose of oil-water separation and one-
way water transmission by absorbing oil and regulating liquid surface tension. This strategy provides new ideas and technical
supports for improving the Janus membrane interfacial bonding force and expands potential applications in the future.

1. Introduction

The advancement of industrialization has led to an increas-
ingly outstanding problem of global water pollution, which
has seriously affected human life and health [1]. Because of
the severe situation of water pollution, the realization of
sustainable development strategy requires the design and
development of reliable water treatment technologies [2].
Traditional oily wastewater treatment methods include the
air flotation method [3], flocculation method [4], solvent
extraction method [5], biodegradation method [6], and
adsorption method [7–9]. However, these methods have
problems such as high cost, high energy consumption,
and low efficiency. Therefore, the development of efficient
and environmentally friendly oil-water separation technolo-
gies [10] and separation materials [11] can not only reduce
environmental pollution but also recycle resources and cre-

ate new value. In recent years, Janus membrane materials
[12–15] have received extensive attention as an important
research area in separation technology [16, 17]. Janus mem-
brane refers to the asymmetry on both sides of the mem-
brane, and this asymmetric anisotropy endows the Janus
membrane with unique properties that distinguish it from
homogeneous materials. In recent years, due to the asym-
metry of the interface structure characteristics, Janus inter-
face materials possessing of directional transmission
characteristics have been used for liquid manipulation
[18], high-efficiency oil-water separation [19, 20], and
interface mass transfer [21, 22].

Electrospinning technology is simple and convenient
and can effectively prepare fibrous materials [23]. The fiber
obtained by electrospinning has the advantages of small
diameter, large specific surface area, and high porosity [24,
25], which are very suitable for water transportation, liquid
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separation, and so on. The morphology and structure of the
fiber can be effectively controlled by changing the parame-
ters to achieve the purpose of optimizing the fiber material
[26–28]. Previous studies have proved that the directional
transportation of liquids can be achieved by rationally
designing the difference in the surface microstructure of
the material [29, 30] or changing the chemical composition
of the surface of the material [31]. For example, a group
[32] prepared Janus membranes with different wettability
on both sides, which can realize one-way oil delivery
through electrospinning polyvinylidene fluoride (PVDF-
HFP) and PVDP-HFP containing well-dispersed fluorinated
decyl polyhedral oligomeric silsesquioxanes (FD-POSS) as
well as fluorinated alkyl silane (FAS). Another group [33]
used electrospinning to prepare hydrophobic PVDF fibrous
membranes. The wettability of one side of the fibrous mem-
brane was adjusted by electrospraying solutions containing
different concentrations of hydrophilic or hydrophobic silica
(SiO2). Thus, a breathable Janus membrane is obtained. Our
group also has done some researches and given some
reviews on Janus fibrous membranes for liquid separation,
water unidirectional transmission, and oil-water emulsion
separation [15, 34, 35].

Although the previous researches have made great prog-
ress and promoted the development of this field, inevitably,
there are still some problems. For example, the additional
fluorosilane has side effects on the environment. In especial,
the double-layer Janus membrane tends to be generally
unstable with unfirmly bonded interface due to the bilayer
structure of different materials. As a result, membrane
delamination affects the separation effect after repeated
applications. Based on the above background, herein, we
report a type of Janus membranes (Figure 1). Using CA
and PVDF-HFP as raw materials, the PVDF-HFP/CA

double-layer fibrous membrane was prepared by electrospin-
ning. By modifying the PVDF-HFP/CA fibrous membrane
with NaOH treatment, the PVDF-HFP/CA Janus membrane
is obtained with hydrophilic-hydrophobicity gradient, which
can effectively absorb oily substances and permeate water uni-
directionally to achieve the purpose of separation. Different
from the previous reported Janus membrane obtained by elec-
trospinning with the problem of weak interfacial bonding
force, the alkali treatment can not only change the wettability
of the CA membrane side but also improve the interfacial
bonding by creating bonding points among fibers, making
the PVDF-HFP/CA membrane a good candidate for robust
Janus fibrous membrane. This method provides new ideas
and technical support for the preparation of water manage-
ment materials and has certain reference significance in the
industrial and environmental fields.

2. Experiments and Methods

2.1. Experimental Materials and Instruments. CA
(Mw = 30,000) and PVDF-HFP (Mw = 400,000) were pur-
chased from Sigma-Aldrich in America. Deionized water,
n-hexane, petroleum ether, methyl blue, Sudan III, and ace-
tone were purchased from Zhejiang Hannuo Chemical
Technology Co., Ltd. in China. N,N-Dimethylacetamide
(DMAc) and NaOH were purchased from Hangzhou Gaoj-
ing Fine Chemical Co., Ltd. in China. The reagents men-
tioned above are of analytical pure grade. All the chemicals
were used without any treatment.

The THZ-103B constant temperature shaker is from
Shanghai Yiheng Technology Co., Ltd.; the electrospinning
device is homemade; the AL204 electronic balance is from
Mettler Toledo Instruments Co., Ltd.; the Vltra55 thermal
field emission scanning electron microscope is from Carl
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Figure 1: Schematic diagram of the experimental process. CA and PVDF-HFP are first prepared as porous membranes and fibrous
membranes by spin-coating and electrospinning methods, respectively. The fibrous membranes obtained by electrospinning are then
combined together to form PVDF-HFP/CA composite membrane and treated with NaOH to obtain PVDF-HFP/CA Janus membranes
with strong interfacial adhesion, which made them good candidates for water transport.
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Zeiss SMT Pte Ltd.; the EZ4-type spin-coating apparatus is
from Jiangsu Leibo Scientific Instrument Co., Ltd.; the Nico-
let 5700 Fourier transmission infrared (FTIR) spectrometer
is from USA Thermo Electron Corporation.

2.2. Spinning Solution Preparation. 2.4 g, 3.2 g, and 4 g of
PVDF-HFP were weighed by an electronic balance, the mass
ratio of acetone to DMAc was 7 : 3, and the total mass was
20 g spinning solution. The obtained solution concentrations
were 12wt%, 16wt%, and 20wt%, respectively. The solu-
tions were stirred until the solids are completely dissolved.
The CA spinning solution was made by dissolving CA in a
mixture of DMAc and acetone (1 : 2 v/v) at concentrations
of 15wt%, 17.5wt%, and 20wt%, respectively. Three bottles
of spinning solution were placed in a constant temperature
shaker, dissolved at 37°C for 24 hours. The spinning solution
was placed in a shaker and stirred until completely dissolved.

2.3. Electrospun Membrane Preparation. The 15wt% con-
centration of CA spinning solution was poured into a
10mL medical syringe and used with a 22-gauge needle.
The receiving distance was controlled to 10 cm, and the
spinning machine voltage was adjusted to 17.5 kV. The
injector flow rate was set to 1mL/h, and the drum speed
was 300 r/min. After 2 hours, the membrane was obtained.
Under the same spinning conditions, CA fibrous mem-
branes with a concentration of 17.5wt% and 20wt% were
sequentially spun.

The PVDF-HFP spinning solution was poured into a
10mL medical syringe and used with a 21-gauge needle.
The receiving distance was adjusted to 15 cm, the spinning
voltage was set to 12 kV, the injection flow rate was 1mL/
h, and the drum speed was 300 r/min. After 70 minutes,
the membrane was obtained. Under this condition, each
PVDF-HFP fibrous membrane with a concentration of
12wt%, 16wt%, and 20wt% was spun out.

After electrospinning 16wt% PVDF-HFP under the
above conditions for 30min, a layer of 20wt% CA was elec-
trospun on the PVDF-HFP fibrous membrane, and the CA
electrospinning time was 90min. The prepared PVDF-
HFP/CA double-layer fibrous membrane was placed in a
NaOH solution with a concentration of 0.05mol/L for 24
hours and then washed carefully with deionized water until
neutral pH was achieved. The obtained membrane was then
put into an oven at 40°C to fully dry, thereby obtaining
PVDF-HFP/CA Janus membrane with different wettability
on both sides.

2.4. Spin-Coating Membrane Preparation. The CA spinning
solution and PVDF-HFP spinning solution were sucked
1mL by the glue tip dropper, then dropped on the center
of the glass slide, and placed in a spin coater to spin-coat
into porous membranes. Spin-coating parameters were set
to time 20 s and rotation speed 2000 rpm. After spin coating,
the solvent evaporated to form a smooth porous membrane.

2.5. Structure and Performance Characterization. The ther-
mal field emission scanning electron microscope (SEM)
was used to observe the microscopic morphology of
PVDF-HFP and CA membranes. The pore size distribution

and fiber diameter distribution were counted by Nano Mea-
surer and Origin software. Corresponding errors occur when
using measurement software to measure. Choose fifty sam-
ples to get the average value and error bar.

The sample strip (3 cm × 2 cm) was stuck on the glass
slide flatly with double-sided tape. The static contact angle
measuring instrument was used to obtain the contact angle
of water. The three-point circle method was used for contact
angle statistics. Corresponding errors occur when using
measurement software to measure. Choose five samples to
obtain the average value and error bar.

2.6. Water Transport and Oil-Water Separation. N-Hexane
was dyed blue by methyl blue, and water was dyed red by
Sudan III. The mixture of n-hexane and water was dropped
onto the PVDF-HFP surface of the Janus membrane,
respectively.

3. Results and Discussions

The wettability of a material can be regulated by its micro-
structure and composition. In order to obtain the target
material, we optimized the microstructure of the two mate-
rials firstly including porous membrane and fibrous mem-
brane by spin coating and electrospinning (Figure 1). The
SEM micrographs of the CA spin-coated membrane and
PVDF-HFP spin-coated membrane are shown in Figure 2.
Figures 2(a)–2(c) illustrate the morphology of CA spin-
coated membrane with different concentrations and their
corresponding enlarged views. It can be obviously
observed from the figure that under the same spin-
coating parameters, the spin-coated membrane of CA has
lots of pores after solvent evaporation and drying. Simi-
larly, PVDF-HFP spin-coated membrane (Figures 2(e)–
2(g)) also shows a similar trend. The average pore diame-
ters (Figure 2(d)) of 15wt% CA, 17.5wt% CA, and 20wt%
CA are 0.9μm, 0.77μm, and 0.03μm, respectively. The
average pore diameters (Figure 2(h)) of 12wt% PVDF-
HFP, 16wt% PVDF-HFP, and 20wt% PVDF-HFP are
2.91μm, 0.75μm, and 0.22μm, respectively. The results
demonstrate that under the same spin-coating parameters,
the porous membrane obtained by spin coating with dif-
ferent concentrations is distributed with pores of different
sizes. This is due to the volatilization of the acetone and
DMAc during spin coating. The higher the concentration
of the spinning solution is, the smaller the pores of the
smooth membrane under the same magnification becomes.
The spin-coating method is convenient and fast to prepare
membranes, but spin-coated membranes with unreason-
able pores and poor mechanical properties are not ideal
candidates as separation materials. The fiber obtained by
electrospinning has many applications in the field of filtra-
tion and separation because of their high porosity, large
specific surface area, and uniform fiber diameter. There-
fore, CA and PVDF-HFP fiber were prepared by
electrospinning.

Figure 3 shows the SEM image and fiber diameter distri-
bution diagram of CA fibrous membrane and PVDF-HFP
fibrous membrane obtained by electrospinning with
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different concentrations. Figures 3(a)–3(c) reveal that the
single CA fiber has irregular beads with a random orienta-
tion and varies in diameters. And, with the concentration
increasing from 15wt% to 20wt%, the beads on the fiber
gradually disappear, forming fibers without obvious defects.
The average diameters of 15wt% CA, 17.5wt% CA, and
20wt% CA fibers are 0.06μm, 0.10μm, and 0.18μm, respec-

tively (Figure 3(d)). The PVDF-HFP fiber (Figures 3(e)–
3(g)) possesses a smooth and bead-free fibrous structure.
The average diameters of 12wt% PVDF-HFP, 16wt%
PVDF-HFP, and 20wt% PVDF-HFP are 0.13μm, 0.26μm,
and 0.64μm, respectively (Figure 3(h)). The results show
that the polymer solution concentration has a direct effect
on the diameter of electrospun fibers. By changing the
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Figure 2: SEM images and pore size distribution of different concentrations of CA and PVDF-HFP spin-coated membranes. (a) SEM image
of 15wt% CA and its corresponding magnified image; (b) SEM image of 17.5 wt% CA and its corresponding magnified image; (c) SEM
image of 20wt% CA and its corresponding magnified image; (d) 15wt%, 17.5 wt%, and 20wt% CA pore size distribution; (e) SEM image
of 12wt% PVDF-HFP and its corresponding magnified image; (f) SEM image of 16wt% PVDF-HFP and its corresponding magnified
image; (g) SEM image of 20wt% PVDF-HFP and its corresponding magnified image; (h) 12wt%, 16wt%, and 20wt% PVDF-HFP pore
size distribution. The yellow marks indicate the enlarged view of the morphology.

4 Journal of Nanomaterials



polymer concentration during electrospinning, the fiber
diameter will gradually increase with increasing solution
concentration.

Next, the wettability of the membrane with porous struc-
ture and fibrous structure is investigated by water contact
angle experiments. The hydrophilicity and hydrophobicity
gradient characteristics are characterized in Figure 4.
Figure 4(a) displays the wettability of different types of

membranes. Figure 4(b) demonstrates the statistic contact
angle values of different types of membranes. The CA and
PVDF-HFP porous membranes exhibit hydrophilicity with
a contact angle of 52.6° and hydrophobicity with a contact
angle of 120.2°, while the corresponding fibrous membranes
exhibit both hydrophobicities with a contact angle of 132.0°

and 139.5°, respectively. Although CA and PVDF-HFP spin-
coated porous membranes have a wetting gradient, the
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Figure 3: SEM images and diameter distribution diagrams of different concentrations of CA and PVDF-HFP electrospun membranes. (a)
SEM images of 15 wt% CA fibers and their corresponding magnified images; (b) SEM images of 17.5 wt% CA fibers and their corresponding
magnified images; (c) SEM images of 20 wt% CA fibers and their corresponding magnified images; (d) 15wt%, 17.5 wt%, and 20wt%
diameter distribution of CA; (e) SEM images of 12wt% PVDF-HFP fibers and their corresponding magnified images; (f) SEM images of
16wt% PVDF-HFP fibers and their corresponding magnified images; (g) SEM images of 20wt% PVDF-HFP fibers and their
corresponding magnified images; (h) 12wt%, 16wt%, and 20wt% diameter distribution of PVDF-HFP. The yellow marks indicate the
enlarged view of the morphology.
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mechanical properties of the spin-coated membranes are
poor, and the two porous membranes cannot be well com-
bined. Thus, the fibrous membranes are chosen as alterna-
tive. Both PVDF-HFP fibrous membrane and CA fibrous
membrane exhibit hydrophobicity; however, Janus mem-
branes generally require opposite wettability on both sides
to achieve liquid permeation. Therefore, the fibrous mem-
brane was hydrolyzed with NaOH to obtain wetting gradi-
ent. After being treated with 0.05mol/L NaOH solution,
the hydrophobic CA fibrous membrane (132.0°) became
hydrophilic with a contact angle of 13.5°, achieving a large
abrupt change in wetting gradient. In terms of PVDF-HFP,
with an almost unchanged contact angle of 133.4°, it is still

hydrophobic. To confirm the hydrolysis of CA, we carried
out Fourier infrared (FTIR) spectrometer analysis. The
results revealed that CA fibers can be well hydrolyzed after
NaOH treatment. As shown in Figure 4(c), the characteristic
adsorption peaks caused by the vibration of acetate groups
C=O (1740), C=CH3 (1370), and C-O-C (1225 cm−1) were
observed before NaOH treatment. After hydrolysis, the
vibration peak of the acetic acid group almost disappeared,
and the membrane after NaOH treatment showed a very
obvious broadband between 3500 and 3100 cm−1, indicating
the existence of the hydrogen bond -OH group.

Therefore, in order to obtain a Janus membrane with
integrated performance including strong bonding interface,

PVDF-HFP spin coating
membrane

CA spin coating
membrane

CA electrospun
membrane

After NaOH treatment

Gradient wettability
St

ru
ct

ur
e a

nd
 co

m
po

sit
io

n

PVDF-HFP electrospun
membrane

After NaOH treatment

(a)

52.6

132.0

13.5

120.2

139.5 133.4

CA spin
coating

membrane

CA
electrospun
membrane

CA after
NaOH

treatment

PVDF-HFP
spin coating
membrane

PVDF-HFP
electrospun
membrane

PVDF-HFP
after NaOH
treatment

0

20

40

60

80

100

120

140

160

W
at

er
 co

nt
ac

t a
ng

le
 (d

eg
re

e)

(b)

3500 3000 2500 2000 1500 1000

In
te

ns
ity

 (a
.u

.)

Wave number (cm-1)

After NaoH treatment

Before NaoH treatment

(c)

Figure 4: Hydrophilic and hydrophobic gradient properties of different materials and structures. (a) Contact angle of different types of
membranes; (b) average value of contact angles of different types of membranes; (c) FTIR of composite membrane before and after
NaOH treatment proving that CA is hydrolyzed.
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improved mechanical properties, and wetting gradient, the
PVDF-HFP/CA double-layer fibrous membrane was treated
with NaOH. The surface-interface structure and the mor-
phology evolution under different NaOH concentrations
were investigated (Figure 5). We first prepared PVDF-
HFP/CA double-layer membrane through “layer-by-layer”
electrospinning. In order to construct the opposite wettabil-
ity between PVDF-HFP/CA membrane, the PVDF-HFP/CA
double-layer membrane was soaked in a 0.05mol/L NaOH
solution in 24 h to make the CA fibrous membrane hydro-
philic. The performance of the PVDF-HFP/CA Janus mem-
brane formed after NaOH treatment is given in Figure 5.
Figures 5(a) and 5(b) are SEM images of both sides of the
PVDF-HFP/CA Janus membrane after being treated with
0.05mol/L NaOH solution. After being treated, the individ-
ual fibers on the surface of the CA fibrous membrane are
bonded to each other, and connecting points are formed at
the joints, making the fibers stick together (Figure 5(a)).
The microstructure of PVDF-HFP fibrous membrane
treated with NaOH solution hardly changes, and there are
no connection points between the fibers (Figure 5(b)). The
cross-sectional view of the PVDF-HFP/CA Janus membrane
(Figure 5(c)) obtained after NaOH treatment reveals that the
double-layer membrane is not separated, which can make
the membrane performance more stable.

The “layer-by-layer” approach of electrospun Janus
membranes should consider strengthening the bonding per-

formance between the interfaces to obtain membranes with
excellent stability. Therefore, we examined the effect of
NaOH concentration on bonding degree. SEM images show
that different concentrations of NaOH treatment will pro-
duce different degrees of adhesion on the CA surface and
interface (Figures 5(d)–5(f)). After 0.1mol/L NaOH treat-
ment (Figure 5(e)), the degree of adhesion between CA
fibers is significantly higher than that of 0.05mol/L NaOH
treatment (Figure 5(d)). However, the high degree of adhe-
sion is also accompanied by a decrease in the flux between
the fibers, which affect the efficiency of liquid transportation.
Overall, the NaOH treatment can not only endow the
PVDF-HFP/CA composite membrane asymmetric wetting
properties but also enhance the bonding force between the
two fibrous membranes. Figure 5(f) demonstrates the sche-
matic diagram of PVDF-HFP/CA Janus membrane with
bonding after NaOH treatment. After PVDF-HFP/CA com-
posite membrane is immersed in the NaOH solution, the
side of CA fibrous membrane will be hydrolyzed to produce
connection points at the fiber surface connection. The CA
fibrous membrane will also adhere to the PVDF-HFP fibrous
membrane under the action of the NaOH solution, thereby
improving the bonding between the two layers of fibrous
membranes. The as-prepared PVDF-HFP/CA Janus mem-
branes show excellent mechanical properties (Figure 5(g))
due to bonding structure. The existence of bonding points
between the fibers increases the mechanical properties of
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CA surface after 0.1mol/L NaOH treatment and enlarged view; (f) the schematic diagram of PVDF-HFP/CA composite membrane with
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the Janus membrane to a certain extent. Compared with tra-
ditional filter membranes such as ceramic sintered mem-
branes and metal sintered membranes, the excellent
bonding structure and mechanical properties make fibrous
membranes a better candidate.

Figure 6 is the mechanism diagram and demonstration
of Janus membrane for oil-water separation. A design rule
and mechanism for the water transportation and oil-water
separation of PVDF-HFP/CA Janus membranes is illus-
trated in Figure 6(a). Liquid transport in porous fibers is a
complex phenomenon, and the ability to achieve liquid
transport is the result of the combined effects of multiple
factors, such as the chemical properties of the material sur-
face, surface roughness, and porosity. The unidirectional
permeation of liquid in porous Janus materials is essentially
caused by the critical breakthrough pressure difference of the
liquid from the hydrophobic layer to the hydrophilic layer,
and the difference in critical breakthrough pressure on both
sides of the Janus interface promotes the unidirectional
transport of water [36, 37]. The surface chemistry of the
material works when the droplet contacts the surface of the
material. Once the surface chemistry of the material can pro-
vide space for water transport, the porosity of the surface
activates the capillary force (FCF) of the fiber material at this
time, allowing water droplets to quickly pass through the

fiber material. Water transportation on Janus membranes
can be divided into two cases. One is the transportation from
the hydrophobic layer to the hydrophilic layer, and the other
is the transportation from the hydrophilic layer to the
hydrophobic layer. When the water droplets are on the
hydrophobic layer, the water droplets remain spherical. At
this time, a downward hydrostatic pressure (FHP) is gener-
ated at the liquid-air interface and the hydrophobic force
(FHF) that prevents water from passing through the PVDF-
HFP. When the FHP is large enough to overcome the water
transportation barrier force (FHF) on the hydrophobic side,
the water will be pushed towards the hydrophilic layer. In
addition, the wetting gradient between the two fibrous mem-
branes and the pores between the electrospun fibers will fur-
ther excite the water droplets to penetrate the hydrophobic
layer. Once the water droplets reach the surface of the
hydrophilic layer, the hydrophilicity and capillary force
(FCF) on the surface of the hydrophilic layer can rapidly
spread the water droplets in all directions within the hydro-
philic layer. Finally, the water droplets will collect on the
surface of the hydrophilic layer. On the contrary, when the
water droplets are on the hydrophilic layer, the hydrophilic
nature of the hydrophilic layer and the capillary force (FCF
) will make the water droplets diffuse rapidly into the mem-
brane on the hydrophilic side. At this time, the pressure FHP
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Figure 6: The mechanism diagram and demonstration of Janus membrane for oil-water separation. (a) A possible mechanism diagram of
PVDF-HFP/CA Janus membrane for liquid transport; (b) statistics of surface tension of different liquids; (c) PVDF-HFP/CA Janus
membrane oil-water separation demonstration, which can separate the mixed liquid of water and n-hexane.
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required for penetration is limited, so that water droplets
cannot pass through the hydrophilic layer to the hydropho-
bic layer. All in all, the transmembrane pressure on the
hydrophilic side is much greater than that on the hydropho-
bic side. Due to the difference in surface tension between liq-
uids, when different liquids are mixed and separated, the
fibrous membrane will allow the wettable liquid below the
membrane surface tension to pass through, while blocking
another nonwettable liquid with high surface tension. In
other words, when the surface energy of the fibrous mem-
brane is just between the surface energy of the two mixed
liquids, it can be used to separate the mixed liquid. Thus,
we measured the surface tension of different liquids as pre-
sented in Figure 6(b). The surface tension of water is
72.7mN/m, while the surface tension of n-hexane is
18.4mN/m. The difference in the surface tension will affect
the liquid transmission and separation behavior. Based on
the above concept, we demonstrated the oil-water separation
process of Janus membrane (Figure 6(c)) using n-hexane
and water as an example. First, a mixture of n-hexane liquid
dyed red and water dyed blue is dropped onto the PVDF-
HFP surface of the Janus membrane. The results clearly
show that the n-hexane diffuses on the fibrous membrane
and is adsorbed by the Janus membrane, while the water
droplets on the hydrophobic PVDF-HFP side can penetrate
the PVDF-HFP side to the hydrophilic CA surface and
finally fall. According to the theory of surface tension affect-
ing liquid transmission, we also did the separation experi-
ment of the mixture with other oil and water in the same
way and got similar experimental results. The demonstration
experiment of PVDF-HFP/CA Janus membrane visually
confirmed the ability of the prepared membrane to separate
oil-water mixture. To sum up, the NaOH treatment imparts
a wetting gradient and bonding structure to the fibrous
membrane so that the membrane can realize water transmis-
sion and oil-water separation without delamination.

In this work, aiming at solving the problem of unstable
interfacial bonding of bilayer Janus membranes formed by
simple superposition, we used alkali treatment to improve
the interfacial bonding force between layers. This will help
to improve the structural stability of electrospun Janus
membranes, thereby increasing the practical application of
Janus membranes in liquid unidirectional permeation, oil-
water separation, and seawater desalination.

4. Conclusions

In summary, we propose a method to prepare robust inter-
facial bonding between Janus membranes. PVDF-HFP/CA
Janus membranes with strong adhesion and controlled wet-
tability were prepared by using electrospinning and NaOH
soaking. NaOH treatment can not only build a
hydrophilic-hydrophobic gradient between the bilayer
membranes but also create a bonding structure between
fibers to enhance the interfacial bonding force. By adjusting
the surface tension of the liquid, the prepared Janus mem-
brane can maintain a stable fiber interface during the process
of unidirectional oil absorption and water delivery. This
strategy provides new ideas and technical support for the

preparation of composite fibrous membranes having a firm
interface, expanding the application range of Janus
membranes.
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