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Fouling resistance of ultrafiltration (UF) membranes is critical for their long-term usages in terms of stable per-
formance, so convenient approaches to prepare fouling-resistant membranes are always anticipated. Herein, we
demonstrate the facile fabrication of antifouling polysulfone-block-poly(ethylene glycol) (PSF-b-PEG, SFEG)
composite membranes. SFEG layer was coated onto macroporous supports and cavitated by immerging them
in acetone/n-propanol following the mechanism of selective swelling induced pore generation. Thus-produced
SFEG membranes possessed high permeance and excellent mechanical strength. Meanwhile, the structures
and separation performances of the SFEG layers can be continuously tuned through simply changing swelling du-
rations. More importantly, the hydrophilic PEG chains were spontaneously enriched onto the pore walls through
swelling treatment, endowing intrinsic antifouling property to the SFEG membranes. Bovine serum albumin
(BSA)/humic acid (HA) fouling tests proved the prominent fouling resistance of SFEG membranes, and the foul-
ing resistance is expected to be long-standing because of the firm connection between PEG chains and PSF matrix
by covalent bonding.
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1. Introduction

Polysulfone (PSF) is an extensively used polymer for ultrafiltration
(UF) membranes because of the excellent membrane forming ability,
thermal stability, chemical durability, and mechanical strength [1-3].
However, the inherent hydrophobic nature of PSF causes strong absorp-
tion and accumulation of foulants on the surface and inside pores of
membranes during use, resulting in serious membrane fouling [4-6].
Membrane fouling usually leads to severe decline of permeance, reduc-
tion of membrane lifetime and additional increase of operation cost
[7-9]. Therefore, membrane fouling has been a significant issue that
needs to be solved for the industrial applications.

Highly hydrophilic membrane surface is an effective solution to im-
prove fouling resistance of membranes by forming a hydration layer to
impede the adsorption between membranes and foulants [10,11].The
approaches to improve the surface hydrophilicity of UF membranes
mainly include surface adsorption, surface grafting, and surface segrega-
tion [7,10]. Compared to surface adsorption/surface grafting that needs
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a post-modification process and extra manufacturing steps [12,13], sur-
face segregation is an in situ modification method. Surface segregation
can spontaneously form uniform effective brush layers to acquire access
to three-dimensional modification of membranes with amphiphilic
materials during the membrane formation process. Therefore, surface
segregation is considered as a more convenient technique with the
advantages of simple operation and low cost for the hydrophilic modifi-
cation of membranes [14-16].

Amphiphilic block copolymers (BCPs), which contain both hydropho-
bic and hydrophilic blocks, are a type of commonly used surface segrega-
tion material to modify UF membranes and access antifouling ability for
their unique characteristic of microphase separation [17-19]. For exam-
ple, Hancock et al. blended poly(ethylene oxide)/polysulfone (PEO-b-
PSF) with PSF matrix as precursor to prepare membranes [20]. Upon
the phase inversion to generate porous structure, PEO chains tended to
migrate to the surface of membrane driven by the hydrophilic nature
and their thermodynamical incompatibility with PSF, rendering the
high antifouling property of produced membrane. However, BCPs are
predominantly utilized as additives by blending with matrix material of
membranes, and partial losing during long-term use would lead to the
weakening of antifouling performance to some degree.

In recent year, we develop the method to fabricate UF membrane by
simply swelling BCPs in selective solvents to the minority blocks, which
is called as selective swelling induced pore generation [21-24]. Impor-
tantly, the minority polar blocks are gathered around the pore walls
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during pore formation, leading to the produced membranes with outer
surfaces and pore walls uniformly covered by the minority blocks just
like surface segregation. The hydrophilicity of minority chains fixed on
the membrane surfaces could resist protein adsorption and prevent
the decline of permeance. Specifically, we have prepared polystyrene-
b-poly(ethylene oxide) (PS-b-PEO) composite membranes by selective
swelling [25]. Antifouling tests showed that PS-b-PEO composite mem-
branes exhibited excellent fouling resistance due to the accumulation of
PEO chains on membrane surface. This work demonstrates that selec-
tive swelling of PEO-containing BCPs provides a novel and convenient
method to prepare antifouling UF membranes. However, the
polystyrene-based block copolymers generally subject to some practical
limits that affect their universal application. On the one hand, the syn-
thetic complexity of PS-based block copolymer causes high production
costs. On the other hand, the PS-based membranes usually suffer from
poor mechanical integrity as the stiffness and strength of the polysty-
rene are no match for the commercial PSF membrane. Under the cir-
cumstances, the disadvantages of hard synthesis process, high cost
and low strength impede the possibility of large-scale approach to pro-
duce PS-based membranes.

In the present work, polysulfone-block-poly(ethylene glycol)
(SFEG), which involves a robust majority block with excellent mechan-
ical strength and a hydrophilic minority block, was employed to design
antifouling UF composite membranes. SFEG films as size-selective layer
were coated on the PVDF substrates, and whereafter selectively swollen
in acetone/n-propanol to generate mesopores in the SFEG layer. The
produced SFEG membranes possessed high permeance and excellent
mechanical strength. Bovine serum albumin (BSA)/humic acid (HA)
fouling tests showed the expected fouling resistance of the membranes.
On account of the PEG chains being linked to the PSF matrix by covalent
bonds, the fouling resistance is expected to be long-standing and will
not lessen in service, and this is highly desired for further industrial
applications.

2. Experimental
2.1. Materials

The amphiphilic block copolymer PSF-b-PEG (SFEG) with the poly-
dispersity index (PDI) of ~2.0, molecular weight (M,,) of 79100 and W
(PEG) = 21%, was provided by Nanjing Bangding. All the solvents in-
cluding 1,2-dichloroethane (>99.0%), acetone (>99.5%), and n-
propanol (>99.0%) were obtained from Shanghai Lingfeng Chemical Re-
agent Co., LTD. The macroporous PVDF substrates with 0.22 um average
pore size were purchased from Merck Millipore Ltd. BSA (98%, M, =
66000) and phosphate buffered solution (PBS) tablets were purchased
from MP Biomedicals, LLC. PBS were fabricated through dissolving the
PBS tablets in deionized water. HA was purchased from Aladdin. All of
the reagents were utilized without further treatment.

2.2. Preparation of SFEG membranes

A desired amount of SFEG was dissolved in 1,2-dichloroethane with
a concentration of 0.8 wt%. After mechanical stirring at ambient temper-
ature for over 4 h to insure the complete dissolution of SFEG, the ob-
tained solution was filtrated through a 0.22 pm PTFE filter for three
times to remove big aggregates if existed. The SFEG membrane was fab-
ricated via coating the SFEG solution onto PVDF substrates. In order to
prevent leakage of casting solution, PVDF substrates were soaked in DI
water for 20 min to make water fill into the macropores. After removing
from water, the water-filled PVDF substrates were placed on a clean
glass slide. The SFEG solution was dropped on the PVDF surface and re-
dundant solution was removed by quick swinging prior to complete sol-
vent volatilization. Then, selective swelling process was conducted to
generate mesopores in the coated SFEG layer by soaking coated
samples into the mixed solvent of acetone/n-propanol with the mass

ratio of 1/4 at 50 °C for desired durations. Subsequently, the membranes
were removed from solvent and dried under ambient conditions.

2.3. Characterizations

The field emission scanning electron microscope (SEM, S-4800,
Hitachi) was used to observe the surface and cross-sectional morphol-
ogies of SFEG membranes. The membranes were quick-frozen by
soaking into liquid nitrogen for 10 s and ruptured to obtain cross-
section for SEM characterization. Before SEM characterization, the
membrane was sputter-coated with platinum/gold alloy to increase
the electrical conductivity. The pore diameter and thickness of the
SFEG layer were measured by the Nano-Measure software according
to SEM images. The hydrophilicity of the membrane surface was tested
via a contact angle goniometer (Dropmeter A-100, Maist).

24. Filtration tests

The separation performance of SFEG membranes was measured by a
dead-end filtration cell (Amicon 8010, Millipore Co.). The filtration tests
were operated at room temperature with a 600 r-min~" stirring speed.
In the test process, SFEG membrane samples were preloaded with water
under 0.1 MPa for 20 min to obtain a stable flux, then the pure water
permeance was measured. The 0.5 g-L~! BSA solution dissolving in
PBS was used to characterize the rejection properties of the SFEG mem-
branes. The water permeance (J,) and BSA rejection (R) were obtained
via Egs. (1) and (2).

1%
jp:SXAtxp (1)

where J, (L-m~2-h~!-MPa~ 1), V(L),S (m?), At (h) and p (MPa) are the
water permeance, permeated water volume, membrane effective filtra-
tion area, operation time, and operation pressure, respectively.
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where R (%), Cp (g-L7!) and Gy (g-L™') are the BSA rejection and con-
centrations of BSA in the permeation and feed solutions, respectively.
Cris 0.5 g-L ™! as preconfigured and Cp is sampled in the permeation so-
lution after filtration tests. The concentrations of BSA solutions were
measured by an ultraviolet-visible spectrophotometer (NanoDrop
2000c, Thermo) at the wavelength of 280 nm.

The pressure-resistant property of SFEG membranes was deter-
mined via testing the pure water fluxes of SFEG membrane under differ-
ent pressures (0.02-0.4 MPa).

To assess the antifouling property of the SFEG membrane, the mem-
branes were challenged with BSA and HA solutions. The SFEG mem-
brane protein resistance was investigated by BSA static adsorption
tests. SFEG membranes were immersed into a container filled with
5 ml of 0.5 g-L~! BSA solution. The container was kept at 25 °C for
24 h to achieve the equilibrium of adsorption/desorption. The BSA ad-
sorption quantity of the SFEG membrane was calculated by different
values of BSA solution concentrations before and after adsorption. The
HA adsorption ability of membrane was tested in the same way as the
measurement of BSA adsorption ability. 10 mg-L ™! HA solution was pre-
pared by dissolving a certain amount of HA into 0.1 mol-L~! NaOH so-
lution and then adding deionized water to dilute the solution.
4 mol-L~! HCl solution was used to titrate HA solution to pH 7. Like
the BSA adsorption test, the SFEG membranes were immerged into a
container filled with 10 ml of 10 mg-L~! HA solution and kept at 25 °C
for 24 h. The change of HA solution concentrations before and after ad-
sorption was measured with the UV-vis spectrometer at the wave-
length of 229 nm.
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The static adsorption quantity of SFEG membranes was calculated
by Eq. (3):

(Cy—Ca) x V

SAP = o 3)

where SAP (ug-cm™2) is the static adsorption quantity of the SFEG
membrane and G, and C, (pg- ml~") are concentrations of BSA or HA so-
lution before and after static adsorption process, respectively. V (ml)
and S (cm?) are the BSA/HA solution volume and membrane effective
adsorption area.

The fouling resistance of the SFEG membrane was investigated by
testing the flux recovery ratio (FRR). The original pure water permeance
of membrane was measured as mentioned above and recorded as J,
(L-m~2-h~!'-MPa~!). The membranes were cleaned by water for
10 min after the BSA/HA static adsorption. Afterwards, the pure water
permeance was measured again and recorded as J; (L-m~2-h~!-MPa™").
The FRR (%) was calculated by Eq. (4):

FRR = J1 100% (4)
Jo

3. Results and Discussion
3.1. Morphology of SFEG membrane

Typically, SFEG was coated on PVDF substrate to fabricate the com-
posite membrane. The top surface of the composite membrane with
SFEG layer presents a shiny and smooth appearance (Fig. 1a & Video
1) while the bottom surface with PVDF layer maintains originally dull
appearance (Fig. 1b & Video 2). SEM characterization shows the as-
coated SFEG layer is nonporous with a dense surface (Fig. S1). In order
to cavitate the SFEG layer, the composite membranes were soaked
into selective solvents, acetone/n-propanol, at 50 °C for 60 min and
followed by air drying. After swelling, the surface morphology of SFEG
membranes was changed from nonporous to nanoporous. According
to the surface SEM image of the composite membrane (Fig. 2a), the
pores of the SFEG layer are in circular or channel-like shapes and the av-
erage pore size is estimated to be approximate 19 nm by overall con-
sulting the widths of channel pores and the diameter of circular pores.
The pores are homogeneously distributed on the surface of the SFEG
layer. Furthermore, the mesoporous structure spans through the entire
SFEG layer and the thickness was 374 nm according to the cross-
sectional SEM image (Fig. 2b). The morphology of the SFEG layer is sim-
ilar to the SFEG membrane spin-coated onto silicon wafer [26]. Com-
pared to SFEG film onto silicon wafer or SFEG self-supporting
membrane, the composite membrane can generate mesoporous struc-
ture at a low swelling temperature (50 °C) via the melioration solvent
pair that greatly improves swelling-generation-pore speed and reduces
energy consumption. It is noteworthy that the SFEG layer has a strong
adhesion with the PVDF substrate as there is no apparent interfacial
gap between the two layers (Fig. 2b). From the interface morphology,
we could observe that SFEG solution slightly infiltrated into the PVDF
macropores. The infiltration would lead to partial filling of SFEG poly-
mer into the PVDF macropores in the top section and further enhanced
the attachment between the PVDF substrate and SFEG layer. Moreover,
we observed the reverse side of SFEG membrane and discovered this
side also kept the original morphology of the macroporous PVDF sub-
strate. This result confirms the SFEG coating solution would not seep
to the surface of PVDF substrate. Thus-produced SFEG membranes pos-
sess a bilayer composite structure composed of a thin mesoporous SFEG
layer on a top macroporous PVDF substrate upside.

The mesoporous structure of the SFEG layer was formed on the
strength of the selective-swelling-induced pore generation mechanism
[26]. Selective swelling of SFEG to prepare membranes is highly simple

Fig. 1. Photographs of the SFEG membrane: (a) positive side and (b) opposite side.

without extra addition of modifying materials and no chemical reac-
tions are involved. Before swelling, the PEG microdomains with cylin-
drical phase were randomly inserted the PSF matrix in the SFEG layer
[26-28]. For the following swelling process, acetone/n-propanol
mixed solvents were chosen as selective solvents. N-propanol has a
strong affinity to PEG but can barely swell the PSF matrix, while acetone
has a moderate affinity to PSF. When the membrane was soaked into the
mixed solvents, n-propanol was preferentially enriched in the PEG cyl-
inders because of the strong affinity between them. PEG cylinders ex-
panded their volumes and squeezed the PSF phases. When only n-
propanol was employed, the mobility of PSF chains was poor and the
PSF matrix could hardly deform, limiting the generation of pores. There-
fore, acetone was introduced to promote the plastic deformation of the
PSF matrix. As the swelling proceeded, the expanding PEG cylinders
would touch and merge together with nearby PEG cylinders, leading
to a consecutive PEG phase distributed in the PSF matrix. After removing
the swelling solvents and air-drying, the deformed PSF chains were
congealed and their original positions were unrecoverable due to the
weakened mobility and the deficiency of impulse with the fast evapora-
tion of both n-propanol and acetone. At the same time, the swollen PEG
chains collapsed and voids were formed along the positions occupied by
PEG cylinders. With pore generation, the collapsed PEG chains were
covered on the pore walls and membrane surface.

The morphology of SFEG membranes can be conveniently tailored
through changing the swelling durations. Fig. S2 shows the surface mor-
phologies of SFEG layers after swelling in acetone/n-propanol at 50 °C
for different swelling durations. The morphology and thickness of the
SFEG layer of the composite membrane with a PVDF substrate have a
similar variation trend compared with the SFEG membrane spin-
coated onto silicon wafer [26]. With the prolonging of swelling dura-
tions, SFEG layer were swollen to larger degrees, resulting in the in-
crease of pore size and number. When swelling duration is 1 min,
some small round pores and few elongated pores appeared on the
SFEG layer surface (Fig. S2a). When swelling duration is prolonged to
10 min, the amount and size of pores have increased (Fig. S2b). As the
duration reaches to 20 and 30 min, the pores have a continuous increase
in diameter and more elongated channel-like pores appeared (Fig.
S2c&d). We also observed the cross-sectional morphologies of SFEG
membranes with different swelling durations (Fig. S3). The membranes
exhibit a dense state across the entire thickness of the SFEG layer with
no swelling (Fig. S1b). After swelling treatment, porous morphology is
observed and the thickness of the SFEG layer is slightly increased with
the prolonging of swelling durations (Fig. 3). The continuously adjust-
able pore diameter is much desired because it can offer high flexibility
and simplification to fabricate membranes with divinable separation
performance easily by adjusting the swelling durations.

3.2. Surface hydrophilicity

The surface hydrophilicity of UF membranes plays a critical role in
improving permeance and fouling resistance of membranes in UF
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Fig. 2. SEM images of the SFEG membrane swelling in acetone/n-propanol at 50 °C for 60 min: (a) the surface morphology, (b) cross-sectional morphology. The images are in the same

magnification.

400

350 4

300 4

Thickness/nm

250 4

= .

0 10 20 30 40 50 60
Swelling time/min

200

Fig. 3. The thickness of the SFEG layer subjected to acetone/n-propanol swelling at 50 °C
for different swelling time.

processes. To investigate the effects of swelling durations on surface hy-
drophilicity of the SFEG membrane, water contact angles (WCAs) of
SFEG membranes were measured. As shown in Fig. 4, the SFEG mem-
brane shows a WCA of nearly 90 °C before swelling due to PSF chain en-
richment on the membrane surface. More remarkable, after merely
swelling at 50 °C for 1 min, the WCA is rapidly reduced to 66° as a result
of the surface enrichment of PEG chains. Subsequently, the WCA has a
slow decrease to less than 60° with the prolonging of swelling dura-
tions. When the swelling duration increased to 60 min, the water con-
tact angle increased a little to more than 60°. According to the Cassie
model, the WCA of a porous surface, 6, can be estimated using the fol-
lowing equation:

100

801

60+ /
—

40

Water contact angle/(°)

0 10 20 30 40 50 60
Swelling time/min

Fig. 4. Water contact angles of the SFEG membranes swelling at 50 °C for different
durations.

cosf. = f, (cosf +1)—1

where f; is the area fraction of the solid on the surface and 6 is the
WCA on dense surface. With increasing swelling duration, pores are
generally enlarged, leading to decreasing f; and thus increasing 6.;
meanwhile, more PEG blocks are enriched on the film surface as charac-
terized by XPS, resulting in decreasing values of 6 and correspondingly
decreasing 0.. Therefore, the competing effect of decreasing f; and 6
with swelling eventually results in slightly increased WCAs. This change
of surface hydrophilicity is consistent with the SFEG membrane coated
onto silicon wafer [26]. It is clear that the surface hydrophilicity of the
SFEG membrane is enhanced with the swelling treatment owing to
the migration of PEG chains onto the membrane surface during the
course of swelling as revealed by our previous study [26]. This enrich-
ment of PEG chains occurs along with the generation of pores, and this
is much more convenient compared to the PEGylation method of
post-modification on membranes [29-31].

3.3. Water permeances and separation performances

We investigated the water permeances and BSA rejection of SFEG
membranes fabricated by swelling in different durations. As shown in
Fig. 5, the increase of pure water permeance and decrease of BSA rejec-
tion can be observed with the prolonging of swelling durations. Before
swelling, the membranes displayed no water permeation, implying
the dense and defect-free nature of the as-coated SFEG layer. This is
coincident with the SEM characterization as discussed above
(Fig. S1). In contrast, the SFEG membrane shows a permeance of
104L-m~2-h~'-MPa~! after swelling for only 1 min, implying the gen-
eration of pores throughout the entire membranes. Combined with the
morphology observation and WCA change discussed above, it is clear
that the SFEG membrane can form mesoporous structure in a very short
time (1 min) at relatively low temperature (50 °C), which indicates the
high efficiency and much simplicity of the selective swelling method to
produce ultrafiltration membranes that would greatly reduce energy con-
sumption. After swelling for 10, 20, 30 and 60 min, the permeances are in-
creased to 2260, 2620, 3210 and 4540 L-m~2-h~!-MPa~", respectively.
Meanwhile, the membrane exhibited a 91.7% BSA rejection when swelled
for 1 min. For the membranes fabricated with swelling durations of 10, 20,
30 and 60 min, the BSA rejections are reduced to 81.2%, 74.8%, 63.7% and
48.1%, respectively. The increase of permeances is attributed to increased
pore sizes and porosities. In addition, we notice that there exists a nonlin-
ear variation relationship between water permeances and swelling dura-
tions. This is due to the extended swelling durations caused by the
increase of both the pore sizes and SFEG layer thicknesses. The larger
pore sizes lead to the increase of water permeances, while the thicker
SFEG layer thicknessed tend to decrease the water permeances as a result
of increased mass transfer resistance. Meanwhile, the BSA rejections are
decreased with the extended swelling durations owing to increased
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Fig. 5. Pure water permeances and BSA rejections of the SFEG membranes swelling at 50 °C
for different durations.

pore sizes. Therefore, both permeances and rejections of the SFEG mem-
branes can be adjusted within a relatively wide range simply via adjusting
swelling durations, implying the flexibility of selective swelling induced
pore generation in preparing tailor-made UF membranes. Furthermore,
compared to the self-supporting SFEG membrane reported previously
[23], which has a permeance of ~300 L-m~2-h~!'-MPa~! and a ~20%
BSA rejection, the SFEG membranes possess much higher permselectivity
due to the thinner separation layer, improving the performance of mem-
branes greatly. Moreover, swelling durations can tune the swelling degree
and change membrane performances, which is one main advantage of the
swelling method. In practical use, we can choose the swelling conditions
according to the specific requirements for membranes.

3.4. Mechanical stability

The research on the mechanical strength of SFEG membrane swell-
ing at 50 °C for 1 min was carried out using pure water fluxes under dif-
ferent pressures. As shown in Fig. 6, the water flux of the SFEG
membrane is linearly correlated with the trans-membrane pressures
ranging from of 0.02 to 0.4 MPa. Therefore, the composite membrane
with a thin SFEG layer can withstand a pressure as high as 0.4 MPa
and has no break as there is no rushed increase in water flux under
the pressure up to 0.4 MPa. Even if the SFEG membrane is curved, the
SFEG layer would not come off or rupture (Fig. S4). This reasonable me-
chanical strength of the composite membranes should be ascribed to
both the robust PSF skeleton on the SFEG layer and the PVDF supports
which provide the mechanical reinforcement.
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Fig. 6. Pure water flux of the SFEG membranes at various transmembrane pressures.

3.5. Antifouling properties

The fouling resistance of the SFEG membranes was tested by BSA
and HA static adsorption experiments. SFEG membranes were soaked
in BSA/HA solution for 24 h to reach adsorption equilibrium. As shown
in Fig. 7, the swelling-treated SFEG membrane shows lower adsorption
amounts of BSA/HA compared to the as-coated SFEG membrane. Mean-
while, the BSA/HA adsorption amounts of the SFEG membranes are grad-
ually decreased with swelling durations. After swelling in acetone/n-
propanol at 50 °C for 1, 10, 20, 30 and 60 min, the BSA adsorption amounts
of membranes are 1104, 764, 510, 340, and 340 ng-cm 2, respectively,
and the HA adsorption amounts of membranes are 1654, 1459, 1241,
1035, and 672 ng-cm ™2, respectively. The decrease of BSA/HA adsorption
amounts is attributed to the enrichment of PEG chains on the SFEG layer
surface and pore wall [26]. PEG is highly hydrophilic and can form hydra-
tion shells with water to prevent BSA/HA adsorption.
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Fig. 7. BSA/HA adsorption of the SFEG membranes fabricated by swelling at 50 °C for
different durations.

FRRs were also tested to visualize the antifouling property of the
SFEG membranes (Fig. 8). The membranes with different durations
were washed with deionized water after BSA/HA adsorption tests and
the pure water permeances of the membranes were measured. The
FRRs were acquired based on the permeances before and after BSA/HA
adsorption. When the foulant was BSA, the FRRs were gradually im-
proved with the increase of swelling durations. With swelling durations
for 1, 10, 20, 30 and 60 min, the FRR values of membranes are 85%,
89.4%, 92.1%, 93%, and 95.5%, respectively. Similarly, the FRRs also pres-
ent an increased tendency with the increase of swelling durations
through HA polluting, and the values of FRR are 82.3%, 85.5%, 87%,
87.7%, and 89%, respectively. With the prolonging of swelling durations,
more PEG chains migrated to the SFEG membrane surface and the sur-
face hydrophilicity of SFEG membranes is gradually enhanced. The en-
richment of PEG and enhanced hydrophilicity improve the fouling
resistance, leading to decreased foulant adsorption and increased FRR.
Furthermore, the fouling resistance of SFEG membranes is considered
to be long-standing as the PEG chains are bonded to the PSF matrix by
covalently bonded and would not leak out in the filtration process.
This long-standing hydrophilicity and fouling resistance are important
advantages of the SFEG membranes fabricated by the selective swelling
method.

4. Conclusions

SFEG membranes were fabricated by selective swelling induced pore
generation process. The size-adjustable mesoporous SFEG layer serves
as the selective layer, and the macroporous PVDF substrate serves as
the supporting layer. The SFEG layer possessed interconnected
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Fig. 8. FRRs of the SFEG membranes fabricated with various swelling durations after BSA/
HA adsorption and deionized water washing.

mesopores with tunable sizes by changing the swelling durations. The
permeance and filtration performances of SFEG membranes can be
tuned within a certain range. Meanwhile, the SFEG membranes pos-
sessed good mechanical strength. Importantly, SFEG membranes pos-
sessed excellent fouling resistance as proved by low BSA/HA static
adsorption and high FRRs because the hydrophilic PEG chains were
enriched on the membrane surface. As the SFEG membrane fabricated
at 50 °C for 60 min, BSA/HA adsorption amounts were as low as 340/
672 ng-cm~2 and the flux recovery ratio was up to 95.5%/89%. This
work demonstrated a facile strategy to prepare UF membranes with
high permeance and excellent fouling resistance.
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