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ABSTRACT
In this work, the effect of different phase inversion process on membrane morphology and
performance was studied. Polyethersulfone (PES) based polymeric membranes was fabricated
containing polyvinylpyrrolidone (PVP) and carboxylic functionalized multiwall carbon
nanotubes (MWCNT) as additives and polyethylene glycol (PEG) having a molecular weight
1K, 10K and 35K (Dalton) were used as a model solution for observing the rejection/filteration
ability of fabricated membranes. Non-solvent induce phase separation (NIP) and dry-wet phase
separation (DWP) method was adopted for membrane synthesis. The FTIR spectra showed that
PVP/MWCNT was effectively blended with PES polymer and different phase inversion method
led to different internal morphologies of membranes as confirmed by FESEM images. The PEG
rejection results suggested that membranes formed by DWP method had approximately double
rejection ability than membranes formed by NIP process.
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1.0 INTRODUCTION
Development in the membrane
separation techniques has become an
important aspect due to its removal
efficiency and low operating cost.
Membrane is fabricated by different
phase inversion processes are mostly
used for waste water treatment and
ultrafiltration application. A range of
polymers such as poly(ethersulfone)
(PES) [1], poly(sulfone) (PSf) [2],
Poly(vinylidenefluoride) [3], cellulose
acetate [4], poly(acrylonitrile [5] or
their blends [6] have been used to
prepare membranes with required
composition and properties.
Phase inversion can be explained as
a demixing procedure in which the
homogeneous polymer solution is
altered from a liquid to a solid state in a

controlled way [7]. This transformation
can be described in a number of ways
[8], as Immersion precipitation,
thermally induced phase separation,
evaporation-induced phase separation,
vapor-induced phase separation [9, 10].
Research on symmetric or asymmetric
membranes by solvent evaporation or
by the wet phase inversion and dry-wet
phase inversion (DWP) method have
been extensively reported for flat sheet
or hollow-fibre preparation. Among all
mentioned
methods
Non-solvent
induced phase separation (NIP) is
dominating for fabrication of polymeric
UF membrane mainly in PSf and PES at
industrial level [11]. PVP have been
broadly used as additives in fabrication
of PES ultrafiltration (UF) membranes
via phase separation methods. A
smaller amount of macrovoid structure
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and delayed demixing is due to the
combination of PVP-PES with solvent
into casting solution. It was reported, a
large number of macrovoids formed by
adding the dimethylformamide (DMF)
into PVP/PES solution accompanied by
increase water permeability and
molecular weight cut off (MWCO) in
membrane [12-14].
PVP increased the hydrophilicity of
PES and enhanced the membrane actual
performance due to its highly polar,
non-ionic, inert and amphiphilic nature
[15-17]. PVP was also reported as
surfactant to decrease the coagulation
effect and increase the dispersion
capacity of MWCNT in different
solvents [18]. Although, MWCNTs are
hydrophobic but acid functionalization
of MWCNT assist to create -COOH and
–OH founctional groups on its surface
that improve the bonding behaviour
towards hydrophilic molecules as well
[19, 20].
In this article, carboxylic and
hydroxyl functional groups containing
multiwall carbon nanotubes (cMWCNT) was blended togather with
PVP and nanocomposites (NCs) were
formed as per method mention in our
previous study [21], then the NCs are
blended with PES polymer to make
different dope solutions (Table 1). The
focus of this work was to investigate the
effect of NIP and DWP processes on
membrane structure and filtration of
different molecular weight (1K, 10K
and 35K) polyethylene glycol solutions.
The resultant membranes were
characterized by FTIR, and FESEM,
whereas filtration performances of
fabricated membranes were evaluated
by different PEG aqueous solution via
cross flow cells.

Table 1 Formulation of membranes

M-NIP

fPVP PES
MWCNT
0.3
3
16

M-DWP

0.3

*Membrane

3

16

DMF
80.70
80.70

*M-NIP stands for membrane formed by non-solvent
induce phase inversion process, whereas M-DWP for
membranes fabricated by dry-wet phase inversion.

2.0 EXPERIMENTAL
2.1

Materials

PES, Ultrason E6020P) having a
weight-average molecular weight
58,000 was purchased from BASF,
Germany. DMF [HCON (CH3) 2;
weight-average molecular weight =
80.14 g/mole] of 99.8% purity was
purchased from Labscan Asia Co., Ltd.
Reagent grade PVP-K90, Polyethylene
glycol (PEG) (MW=1K, 10K and 35K
Dalton) was obtained from Fluka; and
Acid functionalized MWCNTs (color:
black, purity: >98%, length: 15
micrometer, average diameter: 11nm
and true density: 0.04 g/cm3) was
purchased from Chengdong (China).
2.2

Membrane Fabrication

The conventional heating method was
applied to make different dope
solutions as per the formulation shown
in Table 1. The PES and (fMWCNT/PVP) based dope solution
was dispensed into the storage bottle
and ultrasonic bath was used to remove
the air bubbles. In this study, nonsolvent induced phase separation (NIP)
and dry-wet phase separation (DWP)
methods were used in the production of
polymeric membranes. The flat sheet
membranes were cast by casting knife
having thickness 180-200μm onto a
glass plate at room temperature. In the
NIP method, immediately after that
casting the membranes, the glass plates
were immersed in a deionized water
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coagulation bath at room temperature.
After 5 min, the fabricated films were
put in the second bath with fresh
distilled water for 24 h to ensure that the
solvent is leached and phase inversion
is completely done. In DWP process,
after casting the membrane, they were
coagulated by exposure to air for a
certain time and then dipped in a
coagulation bath, containing water as a
nonsolvent for at least 12 h. Finally, the
prepared membranes were dried by
placing them between two filter papers.
2.3

Characterization

The FTIR (Perkin-Elmer Spectrum One
B) instrument was used for the
verification of the presence of PES and
PVP/f-MWCNT in the membrane
matrix. FTIR measurements were
carried out in purified KBr (water less)
pellets and the scanning range of the
experiment was 375–4000 cm-1. The
morphology of a cross section of
membranes was observed using
FESEM (JEOL JSM-7500F). The
membrane sample was snapped in
liquid nitrogen and then sputter-coated
with platinum and mounted onto brass
plates using double-sided cellophane
tapes in a lateral position.
2.4

PEG Filtration

The separation performances of
fabricated flat sheet membranes were
evaluated by studying the rejection rate
of different molecular weights (1000,
10,000 and 35,000 Dalton) PEG
solutions
having
concentration
1000ppm in distilled water at 5 bar
pressure. The cross flow cell having an
effective area of 42cm2 was used,
whereas the rejection rate was
calculated by Eq. 1,
Cp
R = (1 − ) x 100%
(1)
Cf
where Cp and Cf are the concentrations
of the permeate and feed respectively.

Modified Dragendorff reagent method
was used to detect PEG concentrations
in solution [22].
3.0 RESULTS AND DISCUSSION
The FTIR spectra of fabricated
membranes are illustrated by Figure 1.
The peaks at 3082 and 3544cm-1
belonged to the alcohol and OH group
of carboxylic of MWCNT, whereas the
bands at 1663.49cm-1 represented the
tertiary amide of PVP [23]. The
existence of PES polymer were verified
by the sharp peaks at 1244 and 1149
cm−1, were representing the S=O
asymmetric and symmetric vibrations
respectively and peaks at 1481 and
1576 cm−1 corresponded to the bending
vibration of PES aromatic rings [24].
Thus, the presence of “PES and PVP/fMWCNT” are confirmed in the
membrane formulations by FTIR.
Figure 2 represents the FESEM
images of the membranes, formed by
NIP (M-NIP) and DWP (M-DWP)
process. Although the chemical
formulation of both the membranes
were same but different morphologies
were observed, showed that selection of
proper phase inversion method is very
important to develop the desired
internal structure in membranes. In the
“M-NIP" characteristic asymmetric
morphological structure consists of a
finger like-entities was observed [25,
26], whereas M-DWP showed the
sponge-like structure that was more
close the symmetric morphological
classification of membranes.
The presence of the non-solvent
(water and air) in the dope solution
during phase inversion, not only
changes thermodynamic state of dope
solution, but also differently inﬂuenced
the conformation and dynamics of the
polymer, which in turn affects the
kinetics of phase separation. Generally,
delay phase inversion led to sponge-like
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structures in membrane formation. In
the NIP, the exchange rate of solvent

cross flow cell through fabricated
membranes.
The
separation

Figure 1 The FTIR spectra of M-NIP and M-DWP membranes

and dope solution with non-solvent
(water) was very fast as compared to the
DWP process which took nearly 5 min
for exchange of solvent with air, thus
the shorter time of phase inversion lead
to asymmetric structure as in M-NIP
and
higher
time
to
spongy
morphologies (M-DWP).
Figure 3 represents the rejectionfiltration of 1K, 10K and 35K
molecular weight PEG solutions via

performances of membranes for
different molecular weight PEG depend
on the corresponding pore size and its
internal structures. The asymmetric
membranes generally have larger pore
size and their finger like capillaries,
help and lead to faster filteration for the
solutes as compared to spongy
structured membranes. In spongy
membranes, the alignment of pores and
the absence of large capillaries resists

Figure 2 The FESEM images of formulated membranes. NIP and DWP stand for non-solvent
induce phase separation and dry-wet induce phase separation respectively
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Figure 3 The rejection ratio of different PEG solutions through fabricated membranes

the PEG filtration in each place across
the membranes. In the Figure 3, the MNIP shows lower clearance ratio for all
PEG solutions (Maximum 55.6% with
PEG 35K) as compared to M-DWP
membranes, where the M-DWP
membranes shows more than 90%
rejection rate with PEG 10K and 35K
solutions. The high rejection ratio of
PEG in M-DWP membranes were
obtained due to its spongy structures
that highly resisted the flow of PEG
solutes through the membrane.
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