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Improved surface hydrophilicity
of polyvinylidene fluoride
ultrafiltration membranes
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A novel modification approach involves blending with polyvinyl alcohol
and carboxylated multiwalled carbon nanotubes.
In recent years, polymeric membranes have become widespread
in engineering applications and scientific usage.1 Such membranes
include polyamide,2 polycarbonate,3 polyacrylonitrile,4 polytetrafluorethylene,5 polysulfone,6 and polyethersulfone.7 In addition, polyvinylidene fluoride (PVDF) is typically regarded as a polymeric membrane
material with outstanding characteristics, e.g., being acid-proof, alkaliproof, corrosion-resistant, and having excellent mechanical properties.
PVDF has been applied widely in membrane bioreactors, water treatment, gas separation, and pollutants.8, 9 The strong surface hydrophobicity of the PVDF, however, leads to lower permeability, susceptibility
to pollutants, and increased maintenance costs.
To avoid these drawbacks, a blending method has been adopted by
many researchers to improve the hydrophilicity of PVDF ultrafiltration
(UF) membranes. For example, a PVDF UF membrane that was prepared by blending with graphene oxide exhibited improved antifouling properties.10 In addition, a PVDF UF has been developed with
a hydrophilic polymer (cellulose acetate).11 With this membrane, increased permeability and antifouling ability were achieved. Nonetheless, PVDF UF membranes still have unsatisfactory permeability and
weakened mechanical properties, and there is thus still some room for
improvement.
In our work12 we propose a novel modification approach that involves a phase inversion method (where deionized water is used
as the coagulation bath), to improve the surface hydrophilicity and
other properties of PVDF UF membranes. In our methodology
we blend hydrophilic polymer polyvinyl alcohol (PVA) and carbon nanomaterial, i.e., carboxylated multiwalled carbon nanotubes
(MWCNT-COOHs) with the PVDF membranes. After preparation
of our PVDF/PVA/MWCNT-COOH UF composite membranes, we
conducted scanning electron microscopy (SEM) and atomic force
microscopy (AFM) to study their morphology and topography,

Figure 1. Fourier transform IR spectra of a polyvinylidene fluoride/polyvinyl alcohol (PVDF/PVA) membrane (MC 9010 000) and a
PVDF/PVA membrane with 0.09wt% carboxylated multiwalled carbon
nanotube (MWCNT-COOH) content (MC 9010 009).12

respectively. In addition, we conducted Fourier transform IR spectroscopy (FTIR), in the 500–4000cm 1 range, to investigate the functional groups and chemical composition of the membrane. We also
tested the performance and hydrophilicity of the modified membranes
through a variety of measurements, i.e., pure water flux (PWF), flux
recovery rate (FRR%), fouling resistance, as well as the rejection of
polyethylene glycols and Dextran 600k. Lastly, we evaluated the porosity, pore size distribution, molecular weight cutoff, and the mechanical
properties of our samples.13
From the FTIR spectra of our modified PVDF/PVA membrane samples (with MWCNT-COOH content of 0.00–0.15wt%),14 we observe
weak, but wide, absorption bands in the 3100–3600cm 1 wavelength
Continued on next page
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Figure 2. Scanning electron microscope (SEM) images of the external surfaces of two PVDF/PVA ultrafiltration (UF) membranes (MC 9010 000
and MC 9010 009) are shown in the top left and right, respectively. SEM images of the same samples’s cross sections are shown in the bottom row.
Atomic force microscope images of the modified membranes are also shown (center row). A schematic diagram of the structural transformation
that occurs during the modification process is provided in the center column. The condensed structural formula of polyvinyl alcohol is used to
present its long chains and dispersion in the membrane structure, where n is the degree of polymerization.12

range (see Figure 1). These bands correspond to oxygen–hydrogen
absorption, which we ascribe to the presence of PVA acting as a
pore-forming agent. All the spectra from the modified membranes
also exhibit a stretching vibration at 1730cm 1 that is caused by the
strengthening of carbon–oxygen double bonds. This vibration signature
is strong evidence for the enhancement of the surface hydrophilicity
of our modified membranes, which is caused by the increased COOH
concentration.
SEM and AFM images, as well as the structural transformation of
our modified membranes, are displayed in Figure 2. We find that all
the membranes have a traditional asymmetric structure that consists
of a compact skin layer and a variational sublayer. This sublayer can
be further divided into an ‘upper part’ (a finger-like structure) and
an ‘under part’ (a sponge-like structure). With increasing MWCNTCOOH content in the membrane matrix, the under part becomes denser
and improves the mechanical properties of the modified membranes.
From the SEM images, we identify macrovoid structures that are the

result of increased PWF. One particular membrane (MC 9010 009,
i.e., with MWCNT-COOH content of 0.09wt%) has the most porous
structure (porosity of 82.4%) we observe. It also has a rougher topography than the pristine PVDF/PVA membrane (i.e., which contains
fewer macrovoid structures). This membrane thus has an enlarged effective filtration area and the best hydrophilicity of all our modified
membranes.14
We also measured the PWF, FRR%, and fouling resistance of our
modified composite membranes so that we could evaluate their hydrophilic performance. Our experimental results (see Figure 3) indicate
that the PWF of the different samples clearly increased after blending.
We observe a maximum PWF (126.6lm 2 h 1 ) when the MWCNTCOOH content reached 0.09wt% (i.e., for sample MC 9010 009). The
high porosity value of this sample also illustrates the effects of PVA
and MWCNT-COOH. In addition, this sample exhibits the peak FRR%
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Figure 3. The relationship between MWCNT-COOH content, pure water flux, and flux recovery rate of the PVDF/PVA UF membranes.12

value that we observe (81.2%), which is about 17% greater than the
sample containing no MWCNT-COOH. With such enhancements of
surface hydrophilicity, it is easy to wash out pollutants from the membrane surface. We also find that the fouling resistance ratio of the samples changes in the same way as for the FRR%. MC 9010 009 thus
has the highest reversible fouling ratio and the lowest total fouling
ratio, which represents the best membrane surface antifouling ability
of all our modified composite membranes.15 Moreover, dynamic contact angle measurements indicate that the introduction of MWCNTCOOH into our composite membranes may also improve the surface hydrophilicity. For instance, the contact angle of the unmodified
PVDF/PVA membrane is 60.1◦, but after blending for 30 seconds (to
produce MC 9010 009), the angle reaches a minimum value of 38.9◦
(the contact angle remains steady for longer blending times/higher
MWCNT-COOH content).
In summary, we have successfully developed a novel hydrophilic
PVDF UF membrane preparation approach in which we blend the
hydrophilic polymer with carbon nanomaterial. Our experimental results indicate that the inclusion of PVA and MWCNT-COOH into the
membrane can substantially improve the surface hydrophilicity. The
enhanced performance of our PVDF/PVA/MWCNT-COOH UF membranes is caused by their porous surface structure and denser sublayer,
and they thus exhibit excellent performance in a Dextran 600k aqueous solution (0.5g/l), i.e., with separation and rejection of up to 91.0%.
In our future work, we will aim to realize further improvements to
the performance of PVDF UF membranes obtained with our method.
For instance, it may be beneficial to use more compatible hydrophilic
polymers (e.g., polyvinyl butyral) and novel carbon materials in more
optimal conditions.
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