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Abstract—Hydrophilic membranes composed of polyphenylsulfone (PPSU)/polyethylene glycol hexadecyl ether (Brij-
58), with noticeable properties and performance in the filtration of dye solution, were prepared for the first time. Scan-
ning electron microscopy (SEM) images were utilized to examine the morphology of the obtained membranes. Attenu-
ated total reflection Fourier-transform infrared (ATR-FTIR) spectra, water contact angle, water uptake capacity, and
tensile properties of the membranes confirmed that Brij-58 remained in the structure of the obtained membranes due
to the high molecular weight of the additive. Higher water contact angle and water uptake capacity obtained with
increasing the Brij-58 concentration showed enhanced membrane hydrophilicity. The addition of Brij-58 and increas-
ing its concentration was followed by a constant increase in pure water flux (PWF) and antifouling property of the
membrane. According to the results, the incorporation of 10 wt% Brij-58 into the polymeric solution contributed to
almost 54-fold higher water flux and approximately 36% higher flux recovery ratio (FRR), while the rejection of

disperse blue was only slightly reduced.
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INTRODUCTION

Today, the worldwide shortage of water has caused many prob-
lems [1], along with water quality issues also rising in many areas
of the world [2]. Therefore, the treatment of wastewaters produced
from different industries can significantly help to address the prob-
lems associated with the mentioned problems.

Among various methods for water treatment, membrane sepa-
ration process is a perfect option for industrial wastewater treat-
ment because it has advantages such as selective separation and
purification without adding chemicals [3]. Industrial membranes
are made from inorganic or organic (polymeric) materials; how-
ever, polymeric membranes are used widely because of their low
cost and high flexibility [4,5].

A wide variety of polymers are used for membrane prepara-
tion, including polyvinylidene fluoride (PVDEF) [6,7], polyacrylo-
nitrile (PAN) [8,9], polyimide (PI) [10,11], polysulfone (PSU) [12,
13], polyethersulfone (PES) [14,15], and polyphenylsulfone (PPSU)
[16]. PPSU is a good option for membrane preparation among dif-
ferent polymers since it is produced easily; also, this polymer has
long-term thermal stability because of the stable structure of diphe-
nyl-sulfonyl resonance [17]. Other advantages of PPSU are its high
strength and stiffness and high resistance to environmental stress
cracking [18]. This amorphous polymer has a high glass transition
temperature of about 220-222 °C [19]. It is more resistant against
acids and bases, ionic surfactants, aliphatic amines, alcohols, and
glycols, compared to PSU and PES [20]. However, despite these
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advantages, PPSU is a polymer with low hydrophilicity, limiting its
application in aqueous filtration [21]. Consequently; the hydrophilic-
ity improvement of PPSU membranes is required for enhancing
their performance.

Methods applied in improving the hydrophilicity of PPSU mem-
branes are generally dlassified into two groups: surface modification
and bulk modification. Zhong et al. [22] studied the improvement
of sulfonated PPSU (sPPSU) membrane surface via UV-induced
grafting of [2-(methacryloyloxy) ethyl] trimethyl ammonium chlo-
ride and diallyldimethylammonium chloride. They found that the
water contact angle was reduced with monomer grafting, but pure
water permeability was also reduced because of pore size reduction
due to chemical bonds. Reports on improving the bulk of PPSU
membranes can be classified into monomer or polymer modifica-
tion with -SO;H group [23] as well as -SO;H and -NO, groups
[24], blending with hydrophilic polymers [25], and the addition of
hydrophilic compounds such as nanoparticles [21,26-28] and sur-
factants [29-32].

Among various methods for hydrophilicity improvement of
membranes, the addition of hydrophilic materials to the casting
solution has attracted much attention, mainly due to the ease of
process as well as the simultaneous formation and modification of
the membrane. As mentioned above, one of the membrane im-
provement strategies is the use of surfactants, which have a hydro-
philic head and a hydrophobic tail in their structure. It was reported
that a surfactant added to the polymeric casting solution might
leach out partly into the coagulation bath during membrane prepa-
ration and thus act as a pore-forming agent. At the same time, a
residual amount remains in the membrane structure and affects the
properties of the final membrane [33]. Kiani et al. [34] blended
PPSU with two different polyethylene glycols (PEGs). Their results
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revealed a lower water contact angle, higher water flux, and in-
creased flux recovery with PEG addition. The influence of other
surfactants such as polyvinylpyrrolidone (PVP), PEG, and tween-
80 on the hydrophilicity enhancement of PPSU membranes was
also reported by Liu et al. [32].

Polyethylene glycol hexadecyl ether (Brij-58) is a significantly
hydrophilic surfactant whose positive effect on the hydrophilicity
of PSU [35] and PVDF [36] membranes were reported earlier.
Therefore, due to the excellent results obtained by the addition of
Brij-58 to polymeric membranes, and according to the fact that the
effect of blending PPSU with this surfactant has not been investi-
gated before, Brij-58 was used in this research as a hydrophilic addi-
tive with the aim of hydrophilicity improvement of PPSU membrane.
Several characterizations were performed to study the influence of
the additive on the membrane properties. The performance of the
membranes in the filtration of aqueous media was also investigated.

MATERIALS AND METHODS

1. Materials

Polyphenylsulfone (PPSU, average MW=>50,000 g/mol) was pur-
chased from Solvay Advanced Polymers (Belgium). N-methyl-2-
pyrrolidone (NMP) (purity=99.5%) was provided by Daejung (Korea).
Polyethylene glycol hexadecyl ether (Brij-58, average MW=1,124
g/mol) with the hydrophilic-lipophilic balance (HLB) of 16 was
supplied by Sigma-Aldrich. Bovine serum albumin (BSA, average
MW=66.5kDa) was obtained from Equitech-Bio. Disperse Blue
106 (MW=335.4 g/mol) was provided by a textile factory.

2. Membrane Preparation

PPSU and PPSU/Brij-58 membranes were prepared by the im-
mersion-precipitation method. PPSU solution was obtained by stir-
ring 17 wt% PPSU in the solvent (NMP) at room temperature for
24 h. Also, to obtain the PPSU/Brij-58 blend solutions, the speci-
fied amount of Brij-58 (2, 4, 6, 8, and 10 wt% of the final solution)
was dissolved in NMP for 24 h. Then PPSU (17 wt% of the final
solution) was added with continued stirring for another 24 h. The
composition of the casting solutions is shown in Table 1.

After degassing for 24 h, the polymeric solution was cast on a
smooth plate using a film applicator with a gap of 250 pm. The ob-
tained polymeric film was immersed in a 10 °C distilled water coag-
ulation bath. After ten minutes, the formed membranes were trans-
ferred to another water bath at room temperature and left there
for one day. The resultant membranes were used in the wet state
for the filtration tests or dried overnight at room temperature to
be characterized further.

Table 1. Composition of polymeric solutions utilized for membrane

casting
Membrane code  PPSU (wt%)  Brij-58 (wt%) NMP (wt%)

MO 17 0 83
M2 17 2 81
M4 17 4 79
M6 17 6 77
M8 17 8 75
M10 17 10 73
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3. Characterization

Membrane morphology was studied using LEO 1450 VP (Ger-
many) scanning electron microscopy (SEM) equipment. Prior to
imaging, the samples were freeze-fractured and then coated with
Au. Membrane thickness was obtained by analyzing the SEM images
using the Image] software. Using ImageJ software requires the adjust-
ment of the scale in the first step. Then, membrane thickness was
measured at three different points of the cross-sectional SEM image,
and the average value was reported.

To determine the membrane porosity, the wet membrane sam-
ple was weighed after removing the water droplets from its surface
(W,, ). Then the membrane thickness in its wet state was mea-
sured in three points using the Insize digital micrometer, and the
average thickness was used as the thickness of the wet membrane
(6, cm). The mentioned membrane was then dried at ambient tem-
perature for one week. Finally, the dried membrane sample was
weighed again (W, g), and membrane porosity was obtained via
the equation below [37]:

Ww_ Wd
PAS

£ (%)= x 100 1)
where A and p, are the membrane area in the wet state (cm®) and
the density of pure water (0.997 g/cm’), respectively. Since the mem-
brane is swollen in its wet state, applying the dimensions of the
swollen sample would offset the overestimation of membrane porosity.

The presence of Brij-58 in the membrane structure was con-
firmed via the attenuated total reflection Fourier-transform infra-
red (ATR-FTIR) spectroscopy using the Thermo Nicolet Avatar
370 equipment.

The water contact angle of the membrane surface was mea-
sured by taking the images of 5-7 droplets of distilled water on the
membrane surface using an Olympus SZH10 Stereo microscope.
For each membrane, three samples were examined, and the aver-
age of water contact angles was recorded.

To determine the amount of water uptake by the membrane, a
completely dried membrane sample was weighted (W, g) and then
immersed in distilled water for 24 h. Membrane samples were
weighed again after the removal of water droplets from its surface
(W, g), and water content was determined according to the equa-
tion below [38]:

W-W
WC (%)=— 2% 100 )
0

Tensile properties were investigated with a SANTAM universal test-
ing machine (STM-20, Iran) at room temperature. Dimensions of
membrane samples were 70x10 mm with 50 mm gauge length, and
all the membrane samples were stretched at 12.5 mm/min. For
each membrane, the tensile test was repeated three times.
4. Filtration Experiments

Fig. 1 shows a schematic of the filtration setup. For the investi-
gation of pure water flux (PWF), the membrane sample (effective
area=15.89 cm®) was put in the cross-flow membrane module. The
feed tank was filled with 3 L distilled water. Feed water passed across
the membrane surface for three hours at the transmembrane pres-
sure (TMP) of 5bar to induce pre-compaction. After that, PWF
was measured at TMP of 5 bar every 15 min for membranes with
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Fig. 1. Schematic of the filtration setup.

high flux (M6 to M10 samples) and every 30 min for membranes
with low flux (MO to M4 samples) until two equal PWF values were
obtained successively. PWF was determined using the equation
below [34]:

\Y
Flux= Ay At (3)
where V, A, and At are the permeate volume (L), the effective mem-
brane area (m®), and the sampling time (h), respectively.

One of the methods for investigating membrane tendency to
fouling is the determination of flux recovery ratio (FRR) after the
filtration of an aqueous solution containing BSA. For this purpose,

after PWF measurement (J,), the feed tank was filled with an aque-
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Fig. 2. Cross-sectional SEM images of the membranes: (a) M0, (b) M2, (c) M4, (d) M6, (¢) M8, (f) M10.
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ous solution of BSA with a concentration of 1 g/L. The BSA solu-
tion passed across the membrane surface at the TMP of 5 bar until
the permeate flux became constant. Next, the filtration module and
the membrane were washed for 30 min with distilled water to
remove the protein molecules, which reversibly accumulated on
the membrane surface during filtration. PWF of the membrane
was measured again (J;), and FRR was calculated using the equa-
tion below [39]:

FRR (%)= ;—lx 100 @)
0

To investigate the separation performance of prepared membranes,
filtration of an aqueous solution of 20 ppm disperse blue was con-
ducted. After the measurement of PWE the filtration of the dye
solution was performed at the TMP of 5bar, and permeate vol-
ume was determined at specified time intervals depending on the
membrane flux until a steady flux was achieved. Then, the feed
and permeate were sampled. The concentration of disperse blue in
the samples was analyzed using a UV-Vis spectrophotometer (SP-
UV 300 SRB, Germany) at 588 nm. The following equation was
applied to calculate the dye rejection (R) [40]:

R(%):(l—%)xloo )

where C, and C; are disperse blue concentrations in the permeate
and feed, respectively.

RESULTS AND DISCUSSION

1. SEM

The morphology of PPSU/Brij-58 membranes and the neat PPSU
membrane was investigated using SEM images. The cross-sectional
morphology of the prepared membranes is provided in Fig. 2. Fig.
3 shows the variation in membrane porosity and thickness with
increasing Brij-58 concentration in the casting solution.

According to Fig. 2, all the membranes had an asymmetric struc-
ture in their cross-section, including a thin dense skin on a porous
support. It is known that during solvent and nonsolvent exchange,
the incompatibility of water and polymer causes the polymer mol-
ecules to be driven away and, thus, contributes to the formation of
pores in the final membrane structure [35,36]. The SEM images
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Fig. 3. Thickness and porosity of the PPSU and PPSU/Brij-58 mem-
branes.
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reveal that adding Brij-58 to the casting solution up to 6 wt%, the
apparent porosity;, and thickness increased significantly. This obser-
vation is in agreement with Fig. 3. An increase in porosity and thick-
ness of PPSU membranes in the presence of Brij-58 can be attributed
to the hydrophilicity of this additive that led to the acceleration of
solvent and nonsolvent exchange in the water bath. Saljoughi et al.
[35] and Nikoee et al. [36] reported similar results on the addition of
Brij-58 to PSU and PVDF membrane casting solutions, respectively.

Concerning Figs. 2 and 3, M8 and M10 membranes underwent
a drop in their porosity. This reduction in porosity, which happened
at high concentrations of Brij-58, can be related to the increased
viscosity of the casting solution in the presence of the additive,
which was intensified at 8 and 10 wt% Brij-58 and decreased the
speed of solvent and nonsolvent exchange. This phenomenon over-
came the pore-forming effect of the hydrophilic additive and led to
porosity reduction. This observation (increase and then decrease in
porosity with the addition of hydrophilic additives) was reported
for PPSU/PEG [31], PSU/Brij-58 [35], and PVDF/Brij-58 [36]
membranes.

Although Figs. 2 and 3 reveal a drop in the porosity of the M8
membrane, the thickness of this membrane increased. The ironi-
cally higher membrane thickness at lower porosity might be due
to the dominant effect of increased solid content over the effect of
less membrane free volume [41]. However, a further increase in
Brij-58 concentration (10 wt%) was followed by the decrease in
the membrane thickness because of the lower membrane porosity
and thus its lower free volume.

2. Chemical Structure

In Fig. 4, the ATR-FTIR spectra corresponding to the pure PPSU
membrane and the membranes improved with 6 and 10 wt% Brij-
58 are presented. The peaks at 1,294 and 1,323 cm™" in the spec-
trum of the pure PPSU membrane are related to the S(=0), group
[31]. In addition, peaks at 1,484 and 1,585 cm ™" are related to the
C=C group [31].

In membranes containing Brij-58 additive, the presence of Brij-
58 in the membrane structure was confirmed by the appearance
of a peak at about 3,500 cm™" (O-H group) and also two peaks at
2,856 and 2,923 cm™' (C-H group) [42]. It can be seen that increas-
ing the additive concentration increased the intensity of the men-
tioned peaks. The obtained results reveal that the utilized additive
remained in the membrane structure during the membrane for-
mation. Thus, it not only had the role of a pore former during
membrane formation, but it also affected the hydrophilicity of the
resultant blend membranes.

3. Water Contact Angle

The water contact angle was determined for the PPSU and PPSU/
Brij-58 membranes, and the results are presented in Fig. 5. As can
be seen, the highest water contact angle (77.6°), ie., the lowest
hydrophilicity, was related to the pure PPSU membrane, and the
addition of Brij-58 brought about lower water contact angles.
Moreover, lower contact angles were obtained with a higher addi-
tive concentration. The lowest water contact angle (41.6°), ie., the
highest hydrophilicity, is assigned to the M10 membrane sample.
The improved hydrophilicity of the membranes in the presence of
Brij-58 can be attributed to the O-H group that is available in the
Brij-58 structure [36].
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Fig. 5. Water contact angles of the PPSU and PPSU/Brij-58 mem-
branes.

Fig. 6 is a schematic representation of the PPSU/Brij-58 mem-
brane after immersion-precipitation. As shown, it seems that during
the immersion-precipitation of the polymeric solution in the coag-
ulation bath, the Brij-58 molecules are ordered in such a way that

% Polymer
~~@ Surfactant

Fig. 6. Schematic representation of the PPSU/Brij-58 membrane
structure.

the hydrophilic head of Brij-58 is arranged on the polymer-water
interface on the membrane surface and areas where water pene-
trates (membrane pores). The water affinity of this hydrophilic tail
results in the presence of a high concentration of hydrophilic groups
in the mentioned areas, and thus the membrane hydrophilicity is
improved significantly [37,48].

Note that the results of ATR-FTIR spectroscopy (section 3.2) pre-
viously confirmed that Brij-58 remained in the membrane struc-

Korean J. Chem. Eng.(Vol. 39, No. 9)
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Fig. 7. Water uptake capacity of the PPSU and PPSU/Brij-58 mem-
branes.

ture. Regarding the hydrophilicity of Brij-58 and its high tendency
to water, this question arises: How did Brij-58 remain in the mem-
brane structure? The high molecular weight of Brij-58 explains the
answer. As shown in Fig. 6, the molecule of this additive has a rel-
atively long hydrophobic tail, which entangles with the PPSU poly-
meric chains and prevents the additive from leaving the membrane
structure. Other researchers that utilized high-molecular-weight
surfactants as additives proved the presence of residual additive in
the resultant membrane structure, too [31].
4. Water Uptake

The amount of water uptake by the membranes prepared in
this work is presented in Fig. 7. As can be seen, the pure PPSU
membrane shows 29.2% water uptake, which increased in the
presence of the hydrophilic additive. The presence of more Brij-58
in the membranes augmented the water content. Thus the water
uptake of the membrane obtained by 10 wt% Brij-58 achieved the
highest value (374.4%) among the other membranes. According to
the literature, water uptake is affected by membrane porosity and
hydrophilicity [31]. In detail, higher membrane porosity and in-
creased membrane hydrophilicity are beneficial to the degree of
water uptake [31].

According to Fig. 7, the initial increase in the water content,
which happened in M2, M4, and M6 samples, can be related to
the simultaneous impact of increased porosity and hydrophilicity

B. Rastegar et al.

of the membranes. Nevertheless, a further increase in the water con-
tent using more Brij-58 in the casting solution can only be related
to the higher hydrophilicity of the membrane since the membrane
porosity dropped in the corresponding membranes. Therefore, in
the present case, if the hydrophilic additive (Brij-58) had not been
retained in the membrane structure and had left the polymeric
solution during solidification in the coagulation bath, the water
uptake capacity would have been affected only by the membrane
porosity and an increasing and then decreasing trend would have
been observed in the water content. However, the obtained results
confirm the presence of residual additive in the samples and are in
agreement with the results of previous sections. Kiani et al. [31]
observed similar results with the addition of PEG 20,000 to the
PPSU membrane. In their paper, water uptake increased despite
the reduction in membrane porosity and was attributed to the im-
proved hydrophilicity of the membrane.

Note that the addition of 4 wt% Brij-58 contributed to a sharp
increase in water content. This observation can be explained as fol-
lows: some Brij-58 molecules leave the polymeric solution during
its phase inversion, while the entanglements of polymer and Brij-
58 chains hold a residual amount of Brij-58 in the membrane struc-
ture. With the increase in solution viscosity, chain entanglement is
augmented and the residual Brij-58 increases. Therefore, the mem-
brane prepared by 4 wt% Brij-58 contains significantly more hydro-
philic additive compared to the membrane prepared by 2 wt%
Brij-58, not only because of the higher amount of the additive in
the solution, but also due to the entrapment of more residual Brij
in the membrane structure.

5. Mechanical Properties

Stress-strain curves obtained for PPSU and PPSU/Brij-58 mem-
branes are presented in Fig. 8. The numerical values of mechani-
cal properties derived from Fig. 8 are shown in Table 2.

According to the data presented in Table 2, it is evident that the
elastic modulus and tensile strength of the membranes are gener-
ally reduced in the presence of Brij-58 and also with increasing its
concentration. A different trend was observed for elongation at
break. With an initial increase in Brij-58 loading, elongation at break
was reduced from 29.8% (MO sample) to 13.1% (M4 sample), but
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Fig. 8. Stress-strain curves obtained for the PPSU and PPSU/Brij-58 membranes.
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Table 2. Tensile properties of membranes

Membrane Elastic modulus (MPa) Tensile strength at break (MPa) Elongation at break (%)
MO 179.2+4.3 6.710.5 29.8+1.3
M2 123.4+5.7 4.3+0.2 22.0+24
M4 92.6+24 3.9+0.2 13.1+19
M6 79.5+2.0 2.1£0.2 17.5x1.5
M8 71.1£3.1 2.1£0.2 23.4+2.1
M10 61.3+4.0 1.9+0.1 28.1+1.8
300 - 5
269.4 95 p—
= o0 - 88.86
250 A 226.45 s 85.79 85.7
200 1 2 87
= 158.55 £ g
g 150 | g
= 100 5 N
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Fig. 9. PWF of the PPSU and PPSU/Brij-58 membranes.

with further increase in additive concentration, elongation at break
increased to 28.1% (M10 sample).

The changes in membrane mechanical properties can be ex-
plained considering the variation in membrane porosity and the
plasticizing effect of Brij-58. Results of previous studies show that
all the three mentioned tensile properties decrease with an increase
in membrane porosity [37,43]. It was shown that the membrane
porosity was increased in M2, M4, and M6 samples, while it was
reduced using a higher concentration of the additive. Thus, the
declining trend of tensile properties in M2 and M4 samples can be
attributed to the porosity improvement of these membranes.
However, the mechanical properties of M6, M8, and M10 mem-
brane samples were influenced mainly by another factor: the higher
flexibility of polymeric chains in the presence of plasticizers (Brij-
58) [44]. The presence of additives with a plasticizing effect is det-
rimental to elastic modulus and tensile strength, while it is benefi-
cial to elongation at break [45]. The determined tensile properties
again confirm that Brij-58 remained in the membrane structure
since it affected the mechanical properties.

6. PWF

The steady flux of pure water using various additive concentra-
tions in the polymeric solution is shown in Fig. 9. As seen, with the
incorporation of Brij-58 into the PPSU membrane structure and
increasing its concentration, PWF increased due to the simultane-
ous effect of porosity and hydrophilicity [46]. Hydrophilicity im-
provement is beneficial to PWF [47]. In addition, with an increase
in porosity, the resistance towards the passage of water molecules
is reduced and, as a result, PWF increases [48]. SEM imaging and
porosity measurement results revealed that the membrane poros-
ity was increased with increasing Brij-58 concentration to 6 wt%
and then was decreased using higher concentrations of additive.
Also, according to the results of water contact angle and water

Concentration of Brij-58 (wt. %)

Fig. 10. Flux recovery ratio of the PPSU and PPSU/Brij-58 mem-
branes.

uptake measurements, the hydrophilicity of membranes increased
with increasing the additive concentration. So, the higher PWF pro-
vided by M2, M4, and M6 samples can be due to the simultane-
ous effect of hydrophilicity and porosity. In addition, despite the
falling trend of the porosity of M8 and M10 membranes, their hy-
drophilicity enhancement had a positive impact on water flux and
resulted in a continuous increase of PWE

7. Antifouling Property

Along with the filtration process, the pollutants either enter mem-
brane pores and block them or accumulate on its surface. This phe-
nomenon, called fouling, causes flux reduction and reduces the
useful life of the membrane. To address membrane fouling, the
surface hydrophilicity of the membrane can be modified to lower
the affinity of the pollutants to the membrane surface [23].

To evaluate the antifouling property of membranes, flux recov-
ery ratio (FRR) as the criterion of membrane resistance against the
irreversible fouling was studied using bovine serum albumin (BSA),
and the results are in Fig. 10. Generally, the hydrophilicity of the
membrane influences the FRR value [49]. Researchers have reported
that higher membrane hydrophilicity improves its resistance against
fouling,

According to Fig. 10, with increasing the additive concentration
from 0 to 10 wt%, FRR was increased continuously from 66.5% to
90.2%. This significant increase in the FRR value shows the posi-
tive impact of Brij-58 hydrophilicity on the antifouling property of
the PPSU membrane.

8. Filtration of Disperse Blue Solution

The effect of Brij-58 additive in PPSU membranes on the per-
meate flux and rejection of disperse blue is shown in Fig. 11. As
shown, permeate flux followed the same trend as that of the PWE
Thus the explanation given for the variation of PWF with additive

Korean J. Chem. Eng.(Vol. 39, No. 9)
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concentration applies here again. Based on the results, dye rejec-
tion was reduced from 96.3% to 83.2% with increasing additive
concentration from 0 to 6 wt%, but a higher amount of Brij-58
boosted the rejection value to about 90.9% (M10 sample). Gener-
ally, the change in dye rejection is influenced by both membrane
porosity and hydrophilicity. Obviously, by increasing the porosity
of the membrane, the rejection percent of feed particles is decreased.
In contrast, improved membrane hydrophilicity enhances the pas-
sage of water molecules and, as a result, increases the solute rejec-
tion [33,50].

According to the results, the initial falling trend of dye rejection
(MO to M6 samples) can be related to the rising trend of porosity
in the corresponding membranes. However, when higher additive
concentration was utilized, the reduced porosity and enhanced hy-
drophilicity of the resultant membranes favored the dye rejection.

In summary, although the pure PPSU membrane exhibited the
highest rejection of disperse blue because of its low porosity; this
high dye removal was achieved with very low water flux and much
intensive fouling. Indeed, it was shown that the M10 membrane
had almost 54-fold higher water flux and approximately 36% higher
FRR than the pure PPSU sample, while the rejection of disperse
blue was only 5.6% lower in the former.

CONCLUSIONS

PPSU membranes blended with Brij-58 hydrophilic additive
were prepared and utilized to remove Disperse blue from its aque-
ous solution. SEM imaging and porosity measurement indicated
that membranes with higher porosity were formed with the increase
in the additive loading up to a specific amount, while raising the
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additive concentration further caused the porosity reduction of
membranes. The ATR-FTIR spectra revealed that Brij-58 remained
in the membrane structure after the immersion-precipitation and
thus affected the membrane hydrophilicity. The presence of Brij-
58 in the membrane structure was also confirmed through the
increased water contact angles, as well as the higher water uptake
capacity of the membranes prepared using higher additive con-
centrations. Brij-58 influenced the tensile property and filtration
performance of the obtained membranes.

The incorporation of Brij-58 into the polymeric solution in-
creased the PWE and the higher additive concentration resulted in
higher PWF values. The investigation of antifouling using the BSA
solution showed that the FRR value and, thus, the antifouling prop-
erties improved as the additive concentration increased. However,
dye rejection during the filtration of an aqueous solution of Disperse
blue showed a decrease and then an increase with increasing the
additive concentration. Incorporation of 10 wt% Brij-58 into the
polymeric solution led to the formation of a membrane with a sig-
nificantly high PWF (269.4 L/m’h), high resistance against fouling
(FRR of 90.2%), and proper dye rejection (90.9%). Although the
pure PPSU membrane showed the highest rejection of disperse
blue, this high dye removal was achieved with very low water flux
and much intensive fouling. However, the incorporation of 10 wt%
Brij-58 contributed to almost 54-fold higher water flux and approxi-
mately 36% higher FRR than the pure PPSU sample, while the rejec-
tion of disperse blue was only 5.6% lower in the former.

NOMENCLATURE

A :membrane area in the wet state [cm’]

Ay  :effective membrane area [m’]

ATR-FTIR : attenuated total reflection Fourier-transform infrared
Brij-58 : polyethylene glycol hexadecyl ether

BSA :bovine serum albumin

C;  :dye concentration in the feed [ppm]

C, :dye concentration in the permeate [ppm]
FRR : flux recovery ratio [%]

HLB : hydrophilic-lipophilic balance

Jo  :pure water flux before BSA filtration [L/m’h]
J,  :pure water flux after BSA filtration [L/m’h]
NMP : N-methyl-2-pyrrolidone

PAN : polyacrylonitrile

PEG : polyethylene glycol

PES :polyethersulfone

PI  :polyimide

PPSU : polyphenylsulfone

PSU : polysulfone

PVDE: polyvinylidene fluoride

PVP :polyvinylpyrrolidone

PWF : pure water flux [L/m’h]

R :rejection [%]

SEM : scanning electron microscopy

sPPSU : sulfonated polyphenylsulfone

At :filtration time [h]

TMP : transmembrane pressure [bar]

V  :permeate volume [L]
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W :weight of the membrane sample after immersion in water

gl

W, :weight of the membrane sample before immersion in water
(gl

WC :water content [%]

W, :weight of the dry membrane sample [g]

W, :weight of the wet membrane sample [g]

g :membrane porosity [%]

6  :thickness of the membrane in the wet state [cm]

P, :density of pure water [g/cm3]
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