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Abstract

Phase inversion is used to prepare poly(vinylidene fluoride) (PVDF) mi-
crofiltration membranes by combining it with the hydrophilic polymer ad-
ditive cellulose acetate (CA). For the filtration of methylene blue (MB) and
acid yellow 17 (AY17), the effects of coagulant bath temperature (CBT) on
the separation performance and antifouling properties are thoroughly in-
vestigated. SEM analysis shows that the membrane at higher CBT has a
larger pore diameter than at lower CBT, resulting in differences in mem-
brane surface hydrophilicity. It is found that the increase in surface hy-
drophilicity causes the permeability of PVDF/CA membranes to be higher
at higher CBT than at lower CBT. Rejection values above 90% indicate that
the membranes are more effective for MB separation at both lower and
higher CBT. Otherwise, lower CBT provides better AC rejection than higher
CBT. The Flux Recovery Ratio, which is higher at higher CBT, remains in
the 75-95% range at lower CBT. As a result, lower CBT is better for mem-
brane fouling resistance than higher CBT. In addition, the fouling observed
at lower CBT is similar to the fouling observed at higher CBT, but lower
CBT has a higher percentage of reversible fouling than higher CBT. The
membranes with more reversible fouling are therefore easier to clean us-
ing the backwashing process. As a result, PVDF/CA membranes manufac-
tured at lower CBT have better separation performance and antifouling
characteristics than those manufactured at higher CBT.
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e PVDF/CA membranes fabricated using different coagulant bath temperatures show different separation performance.

e The membranes with a lower CBT exhibit greater selectivity for the separation of both dyes, MB and AC, as indicated

by rejection rates exceeding 90%.

e Although the membranes on the higher and lower CBT have almost identical total fouling, the membrane on the lower

CBT has more reversible fouling.

© 2024, the Authors. This article is published in open access under the terms and conditions of
the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction harmful elements, and the separation of specific chemi-

cals from industrial wastes [1]. This technology is popular
Membrane technology plays a crucial role in the chemical  qye to its high efficiency for separation, low energy con-
industry. Its versatility is demonstrated by the numerous  symption, usability, and ability to be used in soft sys-

applications of membranes, including the creation of clean  temg [2, 3].
water, the reduction of pollution levels, the removal of
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Poly(vinylidene fluoride) (PVDF) is reported to be one
of the most widely used polymeric materials as a mem-
brane material in recent years. Due to its semi-crystalline
structure, PVDF has excellent thermal, chemical and me-
chanical properties [4-6]. Because of these good proper-
ties, PVDF is widely used for various applications such as
microfiltration [7], ultrafiltration [8], pervaporation [9],
membrane distillation [10, 11] and gas-liquid membrane
contactors [12].

In the manufacture of ultrafiltration membranes, these
membranes are usually produced by a non-solvent-induced
phase separation (NIPS) technique [13]. In this process, the
casting solution contains a mixture of polymer and solvent
(with or without additives), which is then immersed in a
coagulant bath containing a non-solvent, usually water. As
PVDF is hydrophobic, the penetration of the coagulant (wa-
ter) into the polymer casting solution is limited during the
phase inversion process [14]. It will therefore be a chal-
lenge to create the pores in the membrane. To prepare for
this, chemicals that can act as pore-forming agents must be
applied to the PVDF membrane. In contrast to PVDF, which
is hydrophobic, additives with different properties are typ-
ically used, such as CA, which is hydrophilic. In this process,
hydrophilic PVDF is created by blending a variety of hydro-
philic polymers, including CA, amphiphilic block copoly-
mers and inorganic nanoparticles [5,15]. Due to this misci-
bility, the casting solution is thermodynamically completely
separated during the phase inversion process. As a result,
many pores can be created due to the large number of addi-
tives that come out of the casting solution into the coagu-
lant (water) [12].

During the production of PVDF membranes from casting
solutions, a thermodynamic and kinetic nonequilibrium
process takes place. This process is influenced by various
factors, such as solvents, non-solvents, additives, the com-
position of the coagulant bath, and the viscosity of the cast-
ing solutions [16-18]. The coagulant bath temperature
(CBT) has a significant impact on this nonequilibrium pro-
cess, which affects both the phase separation process and
the performance of the membrane [19-22]. During phase in-
version, the concentration of polymer decreases in the pol-
ymer-rich phase and increases in the less polymeric phase,
resulting in a looser membrane. The solubility increases
with the high temperature of CBT, leading to a faster diffu-
sion rate of solvent and non-solvent and an accelerated
phase inversion process. Therefore, membranes produced
at higher CBT are more likely to have a thinner surface layer
and be more porous [20, 22, 23].

The performance of the membrane will deteriorate due
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membranes blended with CA are effective for BSA separa-
tion [24]. PVDF/CA membranes have also been tested for
methylene blue (MB) filtration, and they have demon-
strated improved antifouling properties with reversible
fouling up to 55% [25]. Additionally, the separation perfor-
mance of PVDF membranes can vary depending on the CBT
temperature used in their production, as shown in other
studies. The study investigated the effect of CBT on the per-
formance of the PVDF/Pluronic F127 blend membrane. The
best performance was observed at higher CBT [26]. It was
found that CBT influences antifoulings, with higher CBT re-
sulting in reduced membrane antifouling properties [13].
Therefore, the membranes were fabricated at lower CBT to
assess the influence of CBT on changes in the antifouling
properties of the PVDF/CA membranes. The study investi-
gated the impact of CBT variation on the performance of
PVDF/CA membranes in microfiltration of Methylene Blue
(MB) and Acid Yellow 17 (AY17).

2. Experimental

2.1. Materials

Poly (vinylidene fluoride) (PVDF) powder (Solef® 1015)
was distributed by Solvay. Cellulose (CA)
(MW = 30,000 Da) was supplied by Sigma Aldrich. N,N-di-
methylacetamide (DMAc) (99%, Merck) was used as a sol-
vent. Then, it used distilled water as nonsolvent in a coag-
ulant bath. Sulfuric acid (H2S04) (95-97%, Merck) was ob-
tained from Singapore. Methylene blue (Ci6H18CIN3S-xH-0,
319.85 g/mol, Merck) and Acid Yellow 17 (Ci6H10Cl2Na20S-,
551.29 g/mol) were used for dye microfiltration.

acetate

2.2. Membrane fabrication

The PVDF/CA blend membranes were fabricated using the
phase inversion method. Initially, PVDF and CA were mixed
in DMACc at 60 °C with various concentration ratios as pre-
sented in Table 1. The mixture was stirred for 24 h to ensure
the polymers were thoroughly mixed. To remove any
trapped bubbles in the mixture, the removal process was
carried out for 4 h without stirring. Afterwards, the solu-
tions were poured onto a glass plate and immediately
placed in a coagulant bath at temperatures of 10 °C using a
cold coagulant bath and 25 °C at room temperature. The re-
sulting membranes were washed thoroughly with deionised
water to remove any residual solvent and then stored in
water before being used for microfiltration.

Table 1 Dope composition of PVDF/CA membranes.

Polymer (18 wt.%) Solvent, DMAc

Membranes

to fouling that occurs over time during dye microfiltration. PVDF CA (wt.%)
Typically, a hydrophilic homopolymer solution containing = PVDF 100 0 82
additives such as poly(ether glycol) (PEG), poly(vinylpyr- M1 99 1 82
rolidone) (PVP), and cellulose acetate (CA) is used to pre- M2 97 3 82
vent fouling on PVDF membranes. Hydrophilic chemicals M3 95 5 82
are added to create pores or increase porosity, as well as to M4 90 10 82
prevent fouling. Previous studies have shown that PVDF M5 80 20 82
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2.3. Microfiltration experiments

The permeability properties of the membranes were evalu-
ated using a filtration method in a dead-end microfiltration
cell. Each membrane was compacted at 2 bars by passing
distilled water for 30 min. The water flux (Jw) was calcu-
lated using Equation 1 [27], where V is the volume of col-
lected permeate, A is the membrane area, and ¢ is the per-
meation time.

Jw=V/@A-1) (1)

To determine the antifouling properties, dye filtration
was performed using 1000 ppm methylene blue and acid
yellow 17 solutions under 2 bars for 30 min and the flux
of the dye solutions was recorded as Jp. The membranes
were then immersed in deionised water for 5 min before
being used for backwash treatment to calculate the flux
ratio recovery (FRR). The percentage of FRR of the mem-
branes was determined using equation 2 [27, 28], where
Jr is the recovery flux of the membranes after filtration
with dye solution and Jw is the water flux during the den-
sification period.

FRR = (Jp/J\») x 100% (2)

The membrane's selectivity towards dyes was measured
as a percentage of rejection. The concentrations of the per-
meate and concentrated solutions were calculated using lin-
ear equations of standard solutions with five concentration
variations. The absorption of the solutions was determined
using a UV-visible spectrophotometer (EVOLUTION 220).
The permeate solutions were collected after the microfiltra-
tion tests. The analysis of methylene blue (MB) solutions
was conducted at 665 nm [29], while the analysis of acid
yellow 17 was measured at 418 nm [30].The rejection (R),
total fouling ratio (R:), reversible fouling ratio (Ry), and ir-
reversible fouling ratio (Rir) were calculated using Equa-
tions 3-6 [17].
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3. Results and Discussion

3.1. Effect of CBT on water flux of PVDF/CA

membranes

Permeability and selectivity are important factors in mem-
brane separation performance. To evaluate both of these
factors, microfiltration of dyes is used. Membrane permea-
bility is measured by water flux, while selectivity is meas-
ured by rejection (as discussed further in Section 3.3). Fig-
ure 1 illustrates the effect of CBT on membrane water
fluxes. The M3 membrane demonstrated the highest water
flux at both 10 and 25 °C when treated with CBT. The opti-
mal composition of the PVDF/CA blended membrane is
achieved by adding 5% weight of CA. The water fluxes of
the membranes manufactured at 10 and 25 °C demonstrate
the impact of CBT on performance, with all membranes cast
at CBT 25 °C achieving higher fluxes than those cast at CBT
10 °C.

The phase inversion approach is employed in the fabri-
cation of membranes at two different temperatures: 25 °C
at room temperature and 10 °C to investigate the results be-
low room temperature. According to a previous study, in-
creasing the thermodynamic stability of the dope polymer
solution causes the inversion rate to deteriorate [33-35].
This is slow down the rate of phase inversion, causing the
polymer precipitation to form gradually. The slow precipi-
tation delays the phase separation process and increases
the contact between the dope solution and the water used
as a coagulant bath. This interaction results in macrovoids
with shorter and narrower pores, constructed at a lower
CBT [26], as shown in Figure 2.

Figure 1 demonstrates that the membranes produced at
higher CBT exhibit greater permeability to water than those
produced at lower CBT. However, the trend of water flux
across membranes at higher CBT is similar to that at lower
CBT, indicating that the composition of PVDF/CA was not
affected by the CBT. The composite PVDF/CA membranes

R = (Cy — €;)Co - 100%, (3)
outperformed PVDF membranes in terms of water filtration
Re = U = Jp)) - 100%, (4) Permeability.
160
Ry = Ur —Jp)w  100%, (5) 140 ] = CBT25°C .
* CBT10°C !
Ry = (Jw = Jr)Jw * 100%. (6) 1201 3
= ! .
The surface hydrophilicity of the membranes was meas- i 199
ured using a water contact angle meter (6). The membrane 5 80 + 4 2 b4 .
sheet was placed on a sample holder and deionized water ER i
was dropped onto the surface using a Mitutoyo sessile drop. E )
. - w® 404 /
The Gibbs free energy of hydration (AGsw) of membranes 2 ¢ % 4
was calculated using Young-Dupré Equation 7 [31, 32], 20 4 .
where 0 represents the average contact angle and yw repre- 0 *
sents the water surface tension (72.8 mJ m for deionized T T T T T T
PVDF M1 M2 M3 M4 M5
water at room temperature).
Membranes
—AGsyw = (1 + cos 0)y,, (7) Figure 1 Effect of CBT on membrane water flux.
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The only information provided with the results was the
rate of different phase inversions affected by different CBTs.
As the CBT represents both thermodynamic and kinetic fac-
tors in the phase inversion process [19-23], the study of ther-
modynamics is particularly necessary. By measuring the wa-
ter contact angle, the Gibbs free energy of hydration can be
calculated. The ideal water flux value, denoted by M3, indi-
cated the ideal composition. Therefore, the following meas-
urement only allowed for M3 in the composition.

3.2. Effect of CBT on the hydrophilicity properties
of PVDF/CA membrane surface

The hydrophilicity of a membrane can be characterised by
measuring the water contact angle. In addition, these prop-
erties can also be demonstrated by calculating the Gibbs
free energy of hydration (-AGsw). The results of the contact
angle and Gibbs free energy of hydration measurements are
shown in Figure 3. Figure 3a shows that the addition of CA
composition decreases the contact angle, namely 72.93°,
60.87° and 56.43 for M1, M2 and M3 respectively. The de-
crease in contact angle indicates an increase in surface hy-
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drophilicity. The membrane surface becomes more hydro-
philic with the addition of CA. Considering that CA is very
hydrophilic and the addition of hydrophilic substances to
PVDF will significantly increase the surface hydrophilicity of
the membrane [36, 37]. Furthermore, it can be seen that the
-AGsw value is higher for composite membranes than for
PVDF. The -AGsw value increased by 26.4% from PVDF to the
highest value of M3. Figure 3b shows the decrease in contact
angle which is not significant. That is, the contact angle de-
creases by only 13.79% on M3 compared to PVDF mem-
branes. Furthermore, the higher the CBT, the lower the Gibbs
free energy, indicating a stronger interaction between CA
and non-solvent during phase inversion, resulting in more CA
leaving the dope solution and forming pores. Conversely, a
lower CBT reduces the interaction of CA with water as a non-
solvent, resulting in fewer surface pores (Figure 4).

Depending on the application, the membrane is manu-
factured with a specific CA composition, so measuring the
water contact angle is critical. Membranes with a contact
angle between 0 and 90° are considered hydrophilic,
whereas those with a contact angle of 90° or more are con-
sidered hydrophobic.
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Figure 3 Effect of CBT 25 °C (a) and 10 °C (b) on water contact angle and Gibbs free hydration energy.
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Membranes with a contact angle of 150° are considered
superhydrophobic [38]. All membranes have water contact
angles below 90° as shown in Figure 3, indicating that the
membranes have hydrophilic surfaces. In accordance with
the ideal water flux, the M3 membrane had the lowest wa-
ter contact angle, indicating that its surface is more hydro-
philic than that of the other membranes. A higher CBT re-
sults in a larger water contact angle than a lower CBT at
different CBTs. This result is consistent with previous re-
search showing that CBT and water contact angle both im-
prove [13, 26]. In addition, this result is influenced by the
greater surface hydrophilicity of the membranes at higher
CBT than at lower CBT. The different surface profile is fur-
ther supported by the SEM image shown in Figure 4. The
diameter of the pores in the M3 membrane produced on CBT
10 °C is significantly different from that of CBT 25 °C.

The Gibbs free energy of hydration, which can be calcu-
lated thermodynamically to determine how much energy
the system produces during the hydration process, is shown
in Figure 3. The Gibbs free energy is released in proportion
to the amount of water taken up by the membrane surfaces.
Because the system has been given the work done by the
water system at the membrane surface, energy is released.

SU3500 5.00kV x10.0k SE
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In addition, the Gibbs free energy of hydration is a function
of the water contact angle [39]. At different CBTs, the
higher CBT results in a higher Gibbs free energy of hydra-
tion than at lower CBTs. This shows that the surface of the
composite membrane can interact more easily with water.
The higher Gibbs free energy of hydration results in the
longest wetting time [37].

The dynamic contact angle is the next characterization
to assess the hydrophilicity of the membrane surface. The
decrease in the dynamic contact angle corresponds to a
change in the number of polymorphic beta fractions in the
membranes [40]. The presence of the CA component also
results in an increase in the polymorphic beta fractions,
causing the contact angle to decrease faster than that of the
pure PVDF membrane. Figure 5 shows the results of this
measurement. Over 30 minutes, the contact angle de-
creased similarly for all membranes. M3 had the lowest
contact angle of 20.67° at 30 min compared to the other
membranes. The contact angle in the CBT membrane condi-
tions did not decrease significantly; it was maintained
above 60° after 30 min. After 20 min, M2 showed a sharp
decrease, while the contact angle of M3 showed the same
after 15 min.
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Figure 5 Effect of CBT 25 °C (a) and 10 °C (b) on membrane surface hydrophilicity.
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The hydration process is spontaneous if the Gibbs free
energy of hydration value is always negative. In this exper-
iment, the dynamic contact angle measurement is per-
formed for 30 min, while the contact angle is measured
every 5 min to empirically demonstrate the spontaneous
process. The results of previous experiments have shown
that modified PVDF membranes have a significant effect on
the contact angle [41]. The water contact angle continues to
decrease every 5 min, Figure 5. This means that water con-
tinues to be spontaneously absorbed into the membrane
pores through the surface [42]. In addition, the M3 mem-
brane reduces the water angle more than other membranes
because its surface is more hydrophilic. The numerous dis-
tinct decreases in contact angle at lower CBT demonstrate
the effect of different CBTs on this property. The surface
modification, such as increased hydrophilicity, will differ-
entiate the contact angle [43] and influence the interaction
between water and the membrane surface.

3.3. Effect of CBT on separation performance of
PVDF/CA membranes

The percentage of rejection (%R), flux recovery ra-
tio (%FRR), and antifouling properties are used to evaluate
separation performance. Figure 6 illustrates how well mem-
branes separate dyes during filtration. In general, the mem-
branes are more effective at removing MB than AY17. Figure
6a shows that for each membrane at both the lower and
higher CBT, the rejection of methylene blue (MB) was greater
than 90%. However, the rejection of AY17 is only effective at
the lower CBT, as indicated by the rejection percentage of M1
being above 90, while the remaining percentage remained
above 80%. In addition, the rejection of less than 90% indi-
cated that the membranes produced at higher CBT were poor
at separating AC. As shown in Figure 1, the addition of 5% CA
significantly increased the permeability. A previous study
showed that even with the addition of 5% CA, the rejection
of PVDF/CA membranes against MB can reach 97% [25].
Similarly, Figure 6 further shows that the additional 5% CA
maintains the rejection rate above 94% against MB.
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Rejection is a method of measuring the selectivity of a
membrane. The percentage of rejection is used to express
the rejection. When the rejection percentage is at least
90%, the membranes have good selectivity according to ex-
perimental data. However, because the pore diameter on
the surface is not homogeneous (Figure 4), only a small
number of dyes are absorbed. For example, at lower and
higher CBT, the M3 membrane rejects 94% and 91% of the
MB, respectively. This indicates that the filtration process
still removed 210% of the MB present in the water.

When the MB rejection is compared to the AY17 rejec-
tion, the MB rejection is above 90% for both the lower
and higher CBT. Only the M1 membrane at the lower CBT
has an AY17 rejection above 90%; the rest are below
90%. In other words, PVDF/CA membranes are more use-
ful for MB rejection than AY17 because they have better
membrane selectivity towards MB. The surface charge of
PVDF membrane tends to be negative [44], and the addi-
tion of CA during the mixing process successfully en-
hances the negative charge of the surface. MB is a cati-
onic dye, while AY17 is a negative dye. Basically, the
PVDF membranes have medium rejection for cationic
dyes such as MB [45], while another study reported that
the rejection was good for both anionic and cationic
dyes [46]. The natural pH of the MB solution is between
2-3.5 [47], but the AY17 solution has a natural pH of 5.28
[48], which is closer to neutral. The pH of both dye solu-
tions influences the rejection mechanism, with the lower
pH of the MB solution causing the molecule to have a
higher positive charge. The positive charge of MB and the
negative charge of the membrane surface are attracted
to each other during filtration due to the presence of CA.
As a result, the MB molecules are more tightly bound to
the membrane surface and internal structure. This inter-
action had a high rejection value. In addition, because
AY17 and the negative charge of the membrane surface
repel each other, the AY17 molecules will be less at-
tracted. Because the surface is insufficient to resist dye
molecules, it causes a reduced rejection for AY17.
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Figure 6 Effect of CBT on rejection of MB (a) and AY17 (b).
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In addition to the charge of the dye molecule, the size of
the dye molecule also influences the rejection parameter.
However, the charge interaction has a greater influence
than the size of these dye molecules. Although larger pores
have a higher probability of allowing dye molecules to pass
through the membrane pores. However, Figure 6 shows a
significant difference in rejection, with M3 absorbing less
AY17 than MB. This is primarily due to a stronger mem-
brane surface charge interaction with MB vs. AY17.

Flux recovery ratio is a metric used to evaluate the abil-
ity of a membrane to remove dye absorption during back-
wash. Varying the CBT results in a difference in the pore
diameter of the membrane surface, as can be seen in Fig-
ure 4. Membranes with lower CBT load fewer dye mole-
cules, resulting in a more effective backwash and higher
FRR. Figure 7 shows that after filtering with AC instead of
MB, the performance of the reused membranes was im-
proved. All composite membranes maintained an FRR be-
tween 80 and 90% after AY17 filtration at a lower CBT. In
addition, M2 and M3 demonstrated identical functionality
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at higher CBT (Figure 7b). However, after MB filtration, M3
showed the highest FRR at both higher and lower CBT,
while the average FRR for the other membranes was below
80%.

Analysis of the time-dependent fluxes over 1.5 h of fil-
tration is critical to confirming the % FRR data. Figure 8
shows that compaction (water flux) occurs during the first
30 min. Membrane backflushing with water continues for
the next 90 min after the second 30 min of MB filtration.
The dye flux was lower than the water flux for both CBTs.
However, in most cases, the flux during water backwashing
can be maintained at or near the final flux during the first
30 min of densification. However, the M3 membrane at
higher CBT, which had a greater decrease in reverse flux
than at lower CBT, presents a different picture. The M3
membrane at higher CBT exhibited a significantly higher
drop in backflow than M3 at CBT 10 °C, as can be seen in
the AY17 filtration shown in Figure 7. However, for both
CBTs, the membrane backflow was often largely main-
tained or very slightly decreased.
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Figure 7 Effect of CBT on flux recovery ratio after filtration of (a) MB and (b) AY17.
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Not only is rejection affected by the interaction of dye
molecules with the membrane surfaces, but also the flux re-
covery ratio (%FRR). The higher FRR value indicates that
the filtration performance of the membranes has been
maintained. Figure 7 shows that AY17 typically has a higher
FRR than MB. This conclusion is consistent with rejection;
a higher rejection results in a lower FRR. Since the MB mol-
ecules were trapped both on the membrane surface and in-
side the structure, the strong bond between the MB mole-
cules and the membrane structure will make the backwash-
ing process more difficult. On the other hand, the perfor-
mance of the membranes after AY17 filtration is better than
that after MB filtration because of the weak interaction be-
tween AY17 molecules and membranes, which will facilitate
backwashing. In addition, the FRR of MB and AY17 filtration
is higher at lower CBT compared to higher CBT. Due to the
less hydrophilic surface of the membranes created at lower
CBT, more dye molecules aggregate on the surface, which
facilitates backwashing.

The results validated the %FRR data shown in Figure 7
by the time-dependent fluxes shown in Figures 8 and 9. The
time-dependent fluxes showed a similar trend because the
AY17 filtration has a better FRR than the MB filtration. Figure
8 shows that overall, the water fluxes during the backwash
process (60 to 90 min) did not decrease significantly com-
pared to the water fluxes at 0 to 30 min. This result high-
lights how easily the membranes can be cleaned after AY17
filtration. Otherwise, the backwash fluxes were lower than
the initial fluxes when the membranes were used for MB fil-
tration (pure water fluxes). This is consistent with FRR data,
which is generally lower than AY17 filtration. The effect of
CBT on time-dependent fluxes is verified and explained in the
FRR section below. The antifouling capabilities of PVDF/CA
membranes can be determined based on time-dependent
fluxes and FRR.
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Measuring the fouling resistance of the membrane, ex-
pressed as reversible fouling and irreversible fouling, is im-
portant to determine the antifouling characteristics of the
membrane. Figures 10 and 11 show that when the mem-
brane was used for MB filtration compared to AY17, the
overall fouling was greater. However, the reversible fouling
of the lower CBT membrane is higher than that of the higher
CBT membranes as shown in Figure 10. On the other hand,
the irreversible fouling of the lower CBT membrane is less
than that of the higher CBT membrane. As the amount of
reversible fouling increases, the percentage of irreversible
fouling continues to decrease. Figure 11 shows the same
phenomenon, showing how reversible fouling continues to
increase while irreversible fouling decreases. Although the
membrane at lower CBT had more reversible fouling than
the membrane at higher CBT. In addition to CBT, the anti-
fouling properties are also affected by the concentration of
CA added to the membranes [36]. Overall, the percentage of
reduced fouling was found to be increase with the addition
of CA.

Fouling is the term used to describe the phenomena
where pores, both outside and inside the membrane struc-
ture, become clogged. When reversible fouling (Rr) is a
higher percentage than irreversible fouling, membrane per-
formance is favorable (Rir). Physical treatment, such as
backwashing, can eliminate reversible fouling. As a result,
the higher percentage of FRR is accompanied by an increase
in reversible fouling. In addition, for both MB and AY17 fil-
tration, reversible fouling is proportionally higher at lower
CBT than at higher CBT. This finding is still acceptable
when compared to previous studies. Overall, the mem-
branes cast at lower CBT have the higher percentage of re-
duced fouling. The comparative studies of antifouling prop-
erties between this recent study and others can be seen in
Table 2.
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Figure 9 Effect of CBT 25 °C (a) and 10 °C (b) on time-dependent fluxes of AY17 filtration.
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Table 2 Comparison of fouling reduced percentage of membranes
between this present work and previously published studies.

Percentage of

Membranes CBT (°C) fouling reduced References
(%)
PVDF/CA 25 55 This study
PVDF/CA 10 62 This study
PVDF/CA 25 10 [49]
PVDF/CA 25 29 [50]
PVDF/CA/PA 25 75 [51]
PVDF-g-ZnS 25 58 [52]

4. Conclusions

Thermodynamically, the CBT variation results in a change
of Gibbs free energy, which makes the membrane surface
of CBT 25 °C more hydrophilic than CBT 10 °C. The SEM im-
age shows that the membrane pore profiles of both CBT
conditions are significantly different. Basically, membranes
on CBT 10 with smaller pores have a higher rejection for

g of 11

both MB and AY. In addition to the pore size, the rejection
is influenced by the charge interaction between the mem-
brane and the dye load, which is more dominant than the
dye molecular size, as evidenced by the higher MB rejection
than AY. The pore profiles of the membranes have a signif-
icant impact on the microfiltration process, as the FRR of
the membrane at CBT 10 °C is greater than that at CBT
25 °C. This is influenced by a more efficient backwashing
process on membranes with smaller pores, as fewer dye
molecules are loaded. This efficiency increases the number
of reversible foulings. As a result, the CBT 25 °C membrane
is more resistant to fouling than the CBT 10 °C membrane.
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