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Abstract
In this study, we fabricated a novel anti-fouling poly(vinylidene fluoride) (PVDF)
membrane using a novel amphiphilic copolymer of PVDF grafted with
tetrahydrofurfuryl methacrylate (PVDF-g-THFMA). This copolymer was synthesized
via photoinduced Cu(II)-mediated reversible deactivation radical polymerization. The
amphiphilic copolymer was characterized by 1H nuclear magnetic resonance and
Fourier transform infrared spectroscopy. The morphology of the copolymer was
examined using scanning electron microscopy. The permeability and hydrophilicity of
the membranes were evaluated on the basis of their pure water flux and dynamic contact
angles, respectively. The anti-fouling property of the membranes was evaluated by
carrying out filtration using a bovine serum albumin (BSA) solution. The PVDF-gTHFMA copolymer membranes showed a pure flux of up to 293.9 L m-2 h-1 bar-1 and a
molecular weight cut off of 39.5 kDa. After the filtration of the BSA solution, the
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PVDF-g-THFMA copolymer membrane was washed with deionized water and the
recovery ratio of the pure water flux reached a value of 89.1%. The modified membrane
showed good filtration performance and anti-fouling property.
Key words: Poly(vinylidene fluoride) membrane; Poly(vinylidene fluoride) grafted
with tetrahydrofurfuryl methacrylate; Photoinduced Cu(II)-mediated reversible
deactivation radical polymerization; Hydrophilic modification; Anti-fouling property

1. Introduction
Among commercial polymers, poly(vinylidene fluoride) (PVDF) has received
much attention as a membrane material owing to its excellent properties such as high
mechanical strength, thermal stability, and outstanding chemical resistance to various
organic solvents, acids, and bases [1–3]. However, the commercialization of PVDF
membranes is limited. The surface energy of PVDF is very low, leading to the poor
wettability and strong hydrophobic nature of PVDF membranes. Because of their
hydrophobic nature, PVDF membranes are impressionable while treating aqueous
solutions containing proteins. This increases the cost of operation and decreases the
lifetime of PVDF membranes.
Many efforts have been made to improve the hydrophilicity of PVDF membranes.
Coating a hydrophilic layer on the surface of PVDF membranes [4], grafting PVDF via
various means such as ultraviolet (UV) photo irradiation, plasma, high-energy
irradiation, and “living”/controlled polymerization, e.g. atom transfer radical
polymerization (ATRP), and reverse atom transfer radical polymerization (RATRP) [5–
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8], and introducing hydrophilic polymers [9], amphiphilic polymers, and inorganic
nanoparticles into the membrane matrix have been proved to be effective in the
modification of PVDF membranes [10–12].
Over the past few years, photochemically initiated ATRP, which offers the
advantages of both ATRP and photopolymerization, has been studied extensively [13,
14]. Using this method, PVDF copolymers with a predetermined molecular weight and
narrow molecular weight distribution can be synthesized. Compared to ATRP,
photoinduced ATRP involves lower activation energy, faster reaction speed, and lower
reaction temperature [15]. Yagci and co-workers developed the photoinduced Cu(II)mediated reversible deactivation radical polymerization (RDRP) method. Cu(II) is of
the utmost importance for the polymerization process in this method [16–18]. Over the
past few years, photoinduced Cu(II)-mediated RDRP has received much attention and
various modifications have been made to it [19]. In order to compensate for the
unavoidable radical termination reactions in conventional ATRP, a high concentration
of the Cu(I) catalyst is used. Cu(II)-mediated RDRP decreases the concentration of the
copper catalyst used significantly without affecting the polymerization process.
Compared to traditional reducing agents, light is an efficient and clean reducing agent
for Cu(II). The light intensity reactor received can be changed by control the reaction
equipment (the reactor was placed in it) size and polymerization time can be controlled
through switching on or off light source. We can obtain polymer with certain grafting
degree via control reaction equipment size and reaction time.[20]. The use of
amphiphilic copolymers can improve the hydrophilicity of PVDF membranes in a

ACCEPTED MANUSCRIPT
single step during the membrane fabrication itself [21, 22]. Owing to their selfassembling ability, these copolymers impart a uniform pore size, narrow pore size
distribution, and high water flux to PVDF membranes. The strong interactions between
the bulk polymer and hydrophobic chains of amphiphilic copolymers can effectively
increase their compatibility and stability in the PVDF membrane matrix [23, 24].
Amphiphilic copolymers such as PVDF grafted with poly(methyl methacrylate)
(PVDF-g-PMAA), PVDF grafted with poly(hydroxyethyl methacrylate) (PVDF-gPHEMA), and PVDF grafted with poly(ethylene glycol) methyl ether methacrylate
(PVDF-g-PEGMA) have been synthesized [25–27]. PVDF membranes using these
amphiphilic copolymers as additives show excellent hydrophilicity and anti-fouling
property.

Recently,

amphiphilic

chlorotrifluoroethylene)-graft-poly(methyl

copolymers

such

methacrylate)

as

PVDF-co-

(P(VDF-co-CTFE)-g-

PMMA) have been synthesized via photoinduced Cu(II)-mediated RDRP [28].
Motivated by these studies, we developed a PVDF amphiphilic copolymer membrane
in this study. During the synthesis of PVDF amphiphilic copolymer membranes, a large
number of hydrophilic segments are transferred to the membrane surface, which then
self-assemble into regular pores. As a result, such membranes show good anti-fouling
property and high flux.
In this study, we synthesized a novel amphiphilic copolymer of PVDF grafted with
tetrahydrofurfuryl methacrylate (PVDF-g-THFMA) via photoinduced Cu(II)-mediated
RDRP (a variation of ATRP) [29]. This copolymer was used to develop an anti-fouling
ultrafiltration PVDF membrane via nonsolvent-induced phase separation. In this study,
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THFMA was used to fabricate a PVDF grafting copolymer for the first time. The results
showed that photoinduced Cu(II)-mediated RDRP is an efficient approach to modify
PVDF membranes. To the best of our knowledge there have been no reports on
modifying PVDF membranes using this approach. The morphology of the prepared
membranes was investigated using a scanning electron microscope (SEM). The
performance of the PVDF-g-THFMA copolymer membranes was evaluated on the
basis of their pure water flux, molecular weight cut off (MWCO), rejection of bovine
serum albumin (BSA), and protein filtration experiments.

2. Experimental
2.1. Materials
PVDF (Solef 1015, approximately 570,000–600,000 g/mol in Mw) was purchased
from Solvay Specialty Polymers, Shanghai and was stored in a vacuum oven at 60 °C.
THFMA, dextran with molecular weights of 10,000, 40,000, 70,000, and 500,000 Da
and tris[2-(dimethylamino)ethyl]amine (Me6-Tren) were purchased from SigmaAldrich, Shanghai. Copper(Ⅱ)chloride (CuCl2) was supplied by Aladdin Industrial
Corporation, Shanghai. 1-Methyl-2-pyrrolidinone (NMP) was supplied by Sinopharm
Chemical Reagent Co. Ltd., Shanghai. BSA (67,000 Da) was purchased from Shanghai
Huixing Biochemical Reagent Co. Ltd., China. Sodium chloride (NaCl) was supplied
by Xilong Chemical Co. Ltd., China. Potassium chloride (KCl), disodium hydrogen
phosphate dodecahydrate (Na2HPO4·12H2O), and potassium dihydrogen phosphate
(KH2PO4) were purchased from Shanghai Lingfeng Chemical Reagent Co. Ltd., China.
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Deionized (DI) water was obtained using a Milli-Q system (Millipore, US). All the
solvents and chemicals used in this study were of reagent grade.

2.2. Synthesis and purification of PVDF-g-THFMA
First, 0.5 g PVDF and 0.01 g CuCl2 were dissolved in 8 mL NMP in a self-made
quartz vessel while stirring until the PVDF powder dissolved completely. Argon was
used (1 h) to degas the dissolved oxygen in NMP. To the resulting solution, 0.03 mL
Me6-Tren and 4 mL THFMA were added. The sealed vessel was placed in a UV reactor
and the reaction started under a UV radiation of 365 nm with stirring at ambient
temperature. After 6 h, the reaction mixture was precipitated in DI water and was then
washed thrice using ethyl alcohol. A soxhlet extractor was used to purify the product
for 36 h to remove the unreacted THFMA monomer and THFMA homopolymer. The
solvent used in the soxhlet extractor was a mixture of benzene and chloroform (v/v =
1/1). The purified product was dried in a vacuum oven at 60 °C. The grafting reaction
is shown in Fig. 1.
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Fig. 1. Synthesis of the PVDF-g-THFMA copolymer.
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2.3. Characterization of the PVDF-g-THFMA copolymer
1H

nuclear magnetic resonance (NMR) spectrum of the PVDF-g-THFMA

copolymer was obtained using AVANCE AV-300 (Bruker, Switzerland). Dimethyl
sulfoxide-d6(DMSO-d6) was used to dissolve the samples. The mole and weight
fractions of THFMA in the amphiphilic PVDF-g-THFMA copolymer were calculated
by using Eqs. (1) and (2), respectively [25]
1
(𝐼 + 𝐼𝑐 + 𝐼𝑑)
9 𝑏
𝜑𝑚(𝑇𝐻𝐹𝑀𝐴) =
1
1
(𝐼𝑏 + 𝐼𝑐 + 𝐼𝑑) + (𝐼ℎℎ + 𝐼ℎ𝑡)
9
2
𝜑𝑤(𝑇𝐻𝐹𝑀𝐴) =

𝜑𝑚(𝑇𝐻𝐹𝑀𝐴) ∙ 𝑀𝑇𝐻𝐹𝑀𝐴
𝜑𝑚(𝑇𝐻𝐹𝑀𝐴) ∙ 𝑀𝑇𝐻𝐹𝑀𝐴 + (1 ‒ 𝜑𝑚(𝑇𝐻𝐹𝑀𝐴)) ∙ 𝑀𝑃𝑉𝐷𝐹(𝑢𝑛𝑖𝑡)

(1)

(2)

where φm(THFMA) and φw(THFMA) denote the mole and weight fractions of THFMA
in the PVDF-g-THFMA copolymer, respectively, Ix denotes the area under the
corresponding peak in the NMR spectrum, MTHFMA and MPVDF(unit) denote the molecular
weight of THFMA and PVDF units, respectively, and hh and ht refer to CF2CH2CH2CF2- and -CF2CH2CF2CH2-, respectively.
The chemical composition of the PVDF-g-THFMA copolymer and pristine PVDF
membranes was investigated using a Fourier transform infrared spectrometer (FTIR,
Nicolet 8700, US).

2.4. Membrane preparation
The PVDF homopolymer and PVDF-g-THFMA copolymer membranes were
fabricated via nonsolvent-induced phase separation with NMP as the solvent and DI
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water as the nonsolvent coagulation bath. Before dissolving, PVDF and PVDF-gTHFMA were dried in a vacuum oven at 80 °C for 24 h in order to remove the absorbed
water. PVDF and PVDF-g-THFMA were weighed accurately before adding them to
the round-bottom flask containing NMP. The flask was heated and stirred in a water
bath at 60 °C for 12 h to obtain a homogeneous casting solution and was then left in the
water bath to degas fully. The dope solution was casted on a clean glass plate by a selfmodified casting machine with a fixed gap of 150 μm at a speed of 3.0 cm·s-1. The
nascent membrane was exposed to air for 20 s and was then immersed in DI water at
room temperature (25 °C) and a relative humidity of around 60%. The resultant
membranes were left immersed in DI water for 12 h to remove all the residual solvent,
and DI water was replaced after every 4 h. Prior to the characterization, the membranes
were preserved in DI water. The composition of the casting solutions is given in Table
1.

Table 1 Composition of the membrane casting solutions
Membrane code

NMPa (wt%)b

PVDF (wt%)

PVDF-g-THFMA (wt%)

P10
P15
P20
T10
T15
T20

90
85
80
90
85
80

10
15
20
/
/
/

/
/
/
10
15
20

a1-Methyl-2-pyrrolidinone

bweight

percent.

2.5. Characterization of the membranes
2.5.1. Structure
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The top surface and cross-section of the membranes were examined using a SEM
(Hitachi S-4800, Japan). The samples were fractured in liquid nitrogen. The surface and
cross-section of the membranes were coated with gold before carrying out the SEM
analysis.

2.5.2. EDX measurement
In order to examine the distribution of THFMA segments in the PVDF-g-THFMA
copolymer membrane, energy-dispersive X-ray spectroscopy (EDX) (equipped on
SEM) (S-4800, Hitachi, Japan) was used. The distribution of elements such as oxygen,
carbon, and fluorine in the entire cross-section of the membrane was examined. The
test samples were prepared in the presence of liquid nitrogen.

2.5.3. Dynamic contact angle measurement
The hydrophilicity of the surface of the membranes was evaluated on the basis of
their dynamic contact angles measured using a contact angle meter (DSA 100, Kruss,
Germany). The contact angles were measured using a 3.0–4.0 μL droplet of DI water
at ambient temperature. The average of at least five observations (five different
locations of each membrane) was used.

2.5.4. Filtration performance
The pure water flux (Jw1) of the membranes was measured using a dead-end
filtration device (Amicon 8400, Millipore, US) with an effective membrane area of
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4.1×10-4 m2. The working pressure was controlled using a nitrogen gas tank and the
measurements were carried out at ambient temperature. DI water was used as the
filtration media. First, the membranes were compacted under a trans-membrane
pressure of 1.5 bar for 20 min. Once a steady flux was attained, the measurements were
carried out under a trans-membrane pressure of 1.0 bar. The pure water flux was
calculated using Eq. (3)

J w1 

V
At

(3)

where V is the volume of DI water (L), A is the effective area of the membranes (m2),
and Δt is the filtration time (h).

2.2.5. MWCO
The MWCO of the membranes was measured using a cross-flow apparatus. An
aqueous solution of dextran with different molecular weights (10,000, 40,000, 70,000,
and 500,000 Da) was used as the feed solution. The dextran solution was circulated in
the apparatus for 1.0 h at a pressure of 1.0 bar and room temperature. The feed and
permeate solutions were analysed by gel permeation chromatography (GPC, Waters,
USA). The molecular weight of dextran which was retained over 90% was considered
as the MWCO.

2.5.6. Fouling resistance
The anti-fouling property of the modified membrane was evaluated by carrying out
permeation experiments with BSA as a model pollutant. The measurement device used
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here was the same as that used for the measurement of MWCO. The operation was
similar to the pure water flux measurement. DI water was replaced by a phosphatebuffered saline (PBS) solution (pH = 7.4) containing BSA. The PBS solution was an
aqueous solution containing NaCl (8.0 g), KCl (0.2 g), Na2HPO4·12H2O (3.63 g)，
KH2PO4 (0.24 g), and DI water (1 L). The BSA solution flux was recorded after every
10 min for the first 40 min and after every 15 min for the remaining time. The test time
was 120 min. After the permeation of the BSA solution, the membranes were flushed
with DI water thoroughly. The recovered pure water flux (Jw2) was measured again.
The water flux recovery ratio (FRR) was calculated by Eq. (4).
FRR(%) 

J w2
100
J w1

(4)

BSA rejection is a measure of the separation property of a membrane. The BSA
concentrations in the feed and permeate sides were measured by a UV-vis
spectrophotometer (UV-6000, Shanghai Yuanyi Apparatus Co., Ltd, China.) at 280 nm.
The BSA rejection (R) of the membranes was calculated by Eq. (5)
𝐶𝑝
𝑅(%) = (1 ‒ ) × 100
𝐶𝑓

(5)

where Cp(g/L) and Cf(g/L) are the concentrations of the permeate and feed BSA
solution, respectively.

3. Results and discussion
3.1. NMR characterization
The structures of PVDF and PVDF-g-THFMA were verified by 1H NMR. Figure 2
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shows a series of characteristic peaks corresponding to the protons in THFMA (absent
in the case of PVDF), confirming the presence of THFMA in the PVDF-g-THFMA
copolymer. PVDF showed peaks at 2.25 and 2.89 ppm corresponding to the CF2CH2CH2CF2- (hh) and -CF2CH2CF2CH2- (ht) groups, respectively. Peak b
corresponds to the methylene group. Peaks c and d can be attributed to the oxygenated
heterocyclic ring in tetrahydrofurfuryl methacrylate. The mole (3.1%) and weight
fractions (7.7%) of THFMA in the PVDF-g-THFMA copolymer were calculated using
Eqs. (1) and (2), respectively.

Fig. 2. 1H NMR spectra of PVDF and PVDF-g-THFMA.

3.2. FTIR analysis
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The grafting of THFMA monomer on PVDF was further confirmed by carrying out
the FTIR analysis of the membranes. In Fig. 3, the peaks at 2939 and 2877 cm-1
correspond to the stretching vibration of -CH in -CH3 and the peak at 1731 cm-1
corresponds to the stretching vibration of -C=O in -COO-. The FTIR results confirm
that the PVDF-g-THFMA copolymer membrane was synthesized successfully.

Absorbance

PVDF
PVDF-g-THFMA

-CH3

4000

3000

-COO-

2000

1000
-1

Wavenumber (cm )

Fig. 3. FTIR spectra of PVDF and PVDF-g-THFMA.

3.3. Membrane characterization
3.3.1. Morphology of the membranes
In order to investigate the effect of THFMA on the microstructure of the membranes,
their microstructures were observed by SEM. Figure 4 shows that the P20-C PVDF
membrane contained a large number of finger-like pores, while the T20-C PVDF-gTHFMA copolymer membrane contained a large number of voids. When the
concentration of the casting solution was low, both the PVDF homopolymer (P10-C)
and PVDF-g-THFMA copolymer (T10-C) membranes showed a macrovoid structure.
During phase inversion, hydrophilic polymers have a shorter phase inversion time than
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hydrophobic polymers, thus forming more finger-like holes [30]. Since the oxygen
atoms in THFMA could easily form hydrogen bonds with the hydrogen atoms in water
molecules, the PVDF-g-THFMA copolymer membranes were more hydrophilic than
the PVDF membranes. It can be speculated that the hydrophilic THFMA segments
migrated to the surface of the membrane during phase inversion, and hence selfassembled, leading to the formation of a large number of uniform pores on the
membrane surface. The hydrophilic THFMA segments repelled each other during their
migration to the top surface of the membrane, leading to the formation of a large number
of uniform pores. Liu reported that the self-assembly of amphiphilic block copolymers
such as poly(styrene-b-4-vinylpyridine) (PS4VP) results in the formation of uniform
pores [31]. It can be observed from Fig. 4 that the pores in the T10-S PVDF-g-THFMA
copolymer membrane were more homogeneous than those in the P10-S PVDF
membrane.

P10-S

P15-S

P20-S

P10-C

P15-C

P20-C
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T10-S

T15-S

T20-S

T10-C

T15-C

T20-C

Fig. 4. Microstructure of the top surface and cross-section of the PVDF (P10, P15, P20) and
PVDF-g-THFMA copolymer (T10, T15, T20) membranes with coagulation at room temperature
(20 ºC) and a relative humidity of around 60%. S and C refer to the top surface and cross-section
of the membranes, respectively.

3.3.2 EDX analysis
The distribution of oxygen atoms in the PVDF-g-THFMA copolymer membrane
was analysed by EDX equipped on SEM. Figure 5 shows that oxygen atoms were
distributed more on the surface of the membrane, while carbon and fluorine atoms were
evenly distributed throughout the cross-section of the membrane. This suggests that the
THFMA segments migrated to the top surface of the membrane during the phase
inversion process. These results are consistent with the SEM results. The presence of
THFMA segments on the top surface of the membrane resulted in the formation of a
large number of uniform pores. The cross-section of the PVDF-g-THFMA copolymer
membrane showed a looser structure and had a large number of macrovoids as
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compared to the PVDF membrane.

O
T20

C
T20

F
T20

Fig. 5. Distribution of O, C, and F atoms in the cross-section of the PVDF-g-THFMA copolymer
membrane.

3.3.3. Dynamic contact angle measurement
The hydrophilicity of the PVDF and PVDF-g-THFMA copolymer membrane
surfaces was evaluated by measuring their dynamic contact angles. Figure 6 shows that
the initial contact angle of the PVDF-g-THFMA copolymer membrane was smaller
than that of the PVDF membrane at different casting solution concentrations. After 3
min, the PVDF-g-THFMA copolymer membrane showed a large decrease in the
contact angle as compared to the PVDF membrane. This indicates that the surface
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contact angle of the PVDF-g-THFMA copolymer membrane decreased at a higher rate.
Hence, it can be stated that the presence of THFMA segments improves the
hydrophilicity of PVDF membranes. This can be attributed to the fact that hydrophilic
THFMA segments migrate to the membrane surface. These results were consistent with
the EDX results (Section 3.3.2). During phase inversion, the THFMA segments
migrated to the membrane surface, which made its distribution on the membrane top
surface redundant. Oxygen atoms in the THFMA segments easily hydrated with water
molecules, thus improving the hydrophilicity of the PVDF-g-THFMA copolymer
membranes.

10 wt% PVDF
15 wt% PVDF
20 wt% PVDF
10 wt% PVDF-g-THFMA
15 wt% PVDF-g-THFMA
20 wt% PVDF-g-THFMA

110

Contact Angle ()

100
90
80
70
60
0

20

40

60

80 100 120 140 160 180 200
Time (s)

Fig. 6. Dynamic contact angles of the PVDF and PVDF-g-THFMA copolymer membranes.

3.3.4. Filtration performance
Pure water flux and MWCO are important parameters for analysing the permeation
and rejection properties of a membrane. As can be observed from Table 2, at the same
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casting solution ratio, the modified membrane showed a higher pure water flux than the
PVDF membrane. The pure water fluxes of the T20 and T15 PVDF-g-THFMA
copolymer membranes were found to be 40.7 and 167.5 L m-2 h-1 bar-1, respectively,
which are 6.3 and 6.4 times higher than those of the P20 and P15 PVDF membranes,
respectively. The pure water flux of T10 was found to be 293.9 L m-2 h-1 bar-1, which is
significantly higher than that of the P10 PVDF membrane (130.8 L m-2 h-1 bar-1). The
PVDF-g-THFMA copolymer membranes had a large number of finger-like pores,
resulting in a reduced mass transfer resistance of water through them. Since the top
surface of the PVDF-g-THFMA copolymer membranes contained a large number of
pores, their pure water flux was significantly higher than that of the PVDF membranes.
The contact angle measurement results (Section 3.3.3) showed that after 3 min of testing,
the contact angles of P10, P15, and P20 were 73.1°, 78.3°, and 78.9°, respectively,
while those of T10, T15, and T20 were 59.6°, 68.5°, and 55.5°, respectively. It was
found that the surface of the modified membranes was more hydrophilic and wetted
easily. One of the reasons for their higher pure water flux was the formation of a
hydration layer on their surface
Because of the self-assembly of THFMA chains during the formation of the PVDFg-THFMA copolymer membrane, a large number of uniform pores were formed on its
surface. The MWCO of the modified membrane was significantly lower than that of
the PVDF membrane. The MWCO of the P15 and P20 PVDF homopolymer
membranes was found to be 23.6 and 14.1 kDa, respectively. On the other hand, the
MWCO of the T15 and T20 PVDF-g-THFMA copolymer membranes was found to be
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12.2 and 11.6 kDa, respectively.
We also compared the PVDF-g-THFMA copolymer membrane developed in this
study with the PEGMA- [32], POEM- [33], PHEMA- [27], PACMO- [34], MABSmodified [35] membranes reported previously. As can be observed from Fig. 7, the
BSA rejection and pure water flux of the PVDF-g-THFMA copolymer membrane were
higher than those of the membranes modified with POEM and PEGMA, which are
commonly used hydrophilic monomers. The rejection rate of the PVDF-g-THFMA
copolymer membranes (88.2%) was lower than that of the PVDF membranes modified
with PACMO and MABS. However, the modified membranes developed in this study
showed a high pure water flux (reaching up to 293.9 L m-2 h-1 bar-1).
Table 2 Pure water flux and MWCO of the PVDF and PVDF-g-THFMA copolymer membranes
Membrane code

Pure water flux (Lm-2 h-1 bar-1)

MWCOa (kDa)

P10
P15
P20
T10
T15
T20

130.8±33.6
26.2±0.3
6.5±1.5
293.9±114.7
167.5±16.0
40.7±2.1

45.6±6.5
23.6±3.5
14.1±4.1
39.5±5.4
12.2±4.4
11.6±2.0

amolecular

weight cut off.
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100

PVDF-g-PMABS

95
PVDF-g-PHEMA

PVDF-g-PACMO

Rejection ()

90
PVDF-g-THFMA

85
PVDF-g-POEM
80
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70
PVDF-g-PEGMA

65
0

50

100

150

200
-2

250
-1

300

-1

Pure water flux (L m h bar )

Fig. 7. Comparison of the PVDF-g-THFMA copolymer membrane and other amphiphilic
copolymer-modified membranes. PVDF-g-PEGMA is PVDF grafted with poly(ethylene glycol)
methyl ether methacrylate (PEGMA), PVDF-g-POEM is PVDF grafted with poly(oxyethylene
methacrylate) (POEM), PVDF-g-PHEMA is PVDF grafted with poly(hydroxyethyl
methacrylate) (PHEMA), PVDF-g-PACMO is PVDF grafted with polyacryloylmorpholine
(PACMO), and PVDF-g-PMABS is PVDF grafted with 4-methacrylamidobenzenesulfonic acid
(MABS).

3.3.5. Anti-fouling performance
Sodium alginate (SA), humic acid (HA), and BSA are commonly used to evaluate
the fouling resistance of membranes. In this study, we used a BSA solution to evaluate
the anti-fouling property of the membranes. Table 3 gives the BSA rejection and pure
water flux recovery ratio of the membranes after washing with DI water. It can be
observed from the table that the BSA rejection of the PVDF-g-THFMA copolymer
membrane was higher than that of the PVDF membrane. The BSA rejection for the T15
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PVDF-g-THFMA copolymer membrane was found to be 91.3%, while that for P15 was
87.3%. The BSA rejection of the T10 and T20 PVDF-g-THFMA copolymer
membranes was found to be 88.2% and 85.4%, respectively, which is higher than that
obtained for the P10 (74.5%) and P20 (83.0%) PVDF homopolymer membranes . The
pure water flux recovery ratios were measured after cleaning the membranes with fresh
water. The recovery ratios of the PVDF-g-THFMA copolymer membranes (minimum
being 84.5%) were higher than those of the PVDF homopolymer membranes
(maximum being 77.1%).
To investigate the fouling resistance of the membranes, their BSA filtration tests
were conducted. The results are shown in Fig. 8. It can be seen from the figure that the
PVDF-g-THFMA copolymer membranes showed a higher BSA stable flux than the
corresponding PVDF membranes. The stable flux of the T10 and T15 PVDF-gTHFMA copolymer membranes was found to be 90.3 and 37.9 L m-2 h-1 bar-1,
respectively, while that of the P10 and P15 PVDF membranes P10 and P15 was found
to be 55.2 and 10.5 L m-2 h-1 bar-1, respectively. These results suggest that the antifouling ability of PVDF membranes can be significantly improved by grafting THFMA
segments onto them.

Table 3 BSA rejection and recovery ratio of pure water flux for the PVDF and PVDF-g-THFMA
copolymer membranes
Membrane code

BSA rejection (%)

Recovery ratio (%)

P10
P15
P20

74.5±1.6
87.3±2.2
83.0±3.4

75.6±2.5
73.8±3.6
77.1±3.4
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T10
T15
T20

88.2±4.3
91.3±3.5
85.4±2.3

87.6±2.8
89.1±3.1
84.5±3.9

10 wt% PVDF
15 wt% PVDF
20 wt% PVDF
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(b)
Fig. 8. BSA solution flux of the (a) PVDF and (b) PVDF-g-THFMA copolymer membranes.

4. Conclusion
A novel amphiphilic copolymer of PVDF-g-THFMA was synthesized and was then
used to fabricate a PVDF-g-THFMA copolymer membrane. Photoinduced Cu(II)-
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mediated RDRP was employed for the first time to synthesize the copolymer. The
results showed that the PVDF-g-THFMA copolymer membrane exhibited outstanding
hydrophilicity and resistance to contamination. The contact angle of the modified
membrane reached to 55.5° after 3 min of testing. The maximum pure water flux of the
PVDF-g-THFMA copolymer membrane reached up to 293.9 L m-2 h-1 bar-1, and the
recovery ratio of the pure water flux after BSA filtration reached up to 89.1%, which
was much higher than that of the pristine PVDF membrane.
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 A new amphiphilic copolymer was synthesized.
 A novel PVDF-g-THFMA copolymer membrane with anti-fouling property was
prepared by nonsolvent induced phase separation.
 Hydrophilic modification of PVDF membrane via photoinduced Cu(II)-mediated
RDRP for the first time.

