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Abstract: This research studied the impact of silanized clay modification on
performance and antifouling Poly(vinylidene fluoride) (PVDF) membrane toward humic
acid and methylene blue filtration. Clay modification was carried out by using 3-
aminopropyltriethoxysilane (APS) to produce modified clay (Clay-APS). Hybrid
membranes were prepared by phase inversion for humic acid and methylene blue
filtration. Hybrid membranes were characterized by measuring surface hydrophilicity,

water flux, rejection, and antifouling properties. Clay and Clay-APS modification

increased hybrid membrane surface hydrophilicity, as indicated by increasing the f
fraction and decreasing the water contact angle. The PVDF/Clay and PVDF/Clay-APS
hybrid membranes showed high permeability and selectivity with the highest water flux
values of 24.2 L m™? h™". The rejections for humic acid and methylene blue were 98.8 and
99.3%, respectively. The highest antifouling property was obtained from the PVDF/Clay-
APS hybrid membrane, with a flux recovery ratio was 96.0%. The PVDF/Clay hybrid
membrane performance and antifouling properties showed that the membranes have the

potential for water treatment.
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= INTRODUCTION

About 70% of the earth is water, but only 2.5% is a
source of pure water and only 1% is fresh water accessible
and used by 7.6 billion people [1]. Water sources in the
tropics are mostly peat water, characterized by brownish-
yellow water due to the high concentration of humic acid
(HA) that cannot be consumed directly [2]. Therefore,
peat water must be processed into clean water for daily
needs, especially drinking water. In addition, clean water
sources have also been significantly reduced with the
development of industries that produce a lot of waste; as
a result, more than 2 billion people have difficulty
accessing clean water [3]. One produced waste is toxic dye
waste, which can contaminate the soil, sediment, and
surrounding surface water [4]. Wastewater treatment
management is needed to balance water availability and
demand at an affordable cost, which positively impacts
the environment. Several technologies have been
developed to address wastewater problems, such as

adsorption, sedimentation, coagulation, biological
treatment, photodegradation, and membrane filtration
[5-6]. Membrane technology is a promising technique
for removing impurities in water where the filtration
efficiency is influenced by hydrophilicity properties and
the porosity of the membrane surface [7].

Polymer membranes have greater flexibility, good
film-forming properties, mechanical strength, chemical
stability, and high selectivity [8]. In water treatment
based
polymers have been widely applied such as polysulfone,
poly(vinylidene fluoride) (PVDE), and
polytetrafluoroethylene [9-10]. Hydrophobic polymers,

including PVDF, have a disadvantage because the high

technology, membranes on hydrophobic

hydrophobic surface properties can interact with
foulants, causing fouling and reducing membrane
[11].
developed using additives, hydrodynamic optimization,

performance Fouling mitigation has been

and membrane surface modification [12]. One way to
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increase membrane efficiency and reduce fouling is to add
[13].
Antifouling properties are measured as flux recovery ratio

hydrophilic compounds to the membrane
(FRR). Several previous studies reported that the addition
of hydrophilic fillers such as PVDF-g-PDMAPMA,
MWCNTs-OH, and TiO; could increase membrane FRR
[14-16]. Another material that has the potential to modify
PVDF membranes is clay. Various types of clay can be
found in Indonesia, including bentonite, cloisite, and
kaolinite [17]. Clay modification of PVDF membranes
has been reported, such as the use of cloisite and halloysite
[18-19]. Cosmetic-graded clay has non-toxic properties,
hydrophilic, is easily obtained, and is inexpensive
compared to other clays. However, studies on cosmetic
clay application to PVDF membranes have not been
reported yet.

Direct application of inorganic materials such as
clay has an effect called agglomeration. It is caused by
differences in surface tension between the polymer and
fillers

inhomogeneous and difficult to cast. Surface modification

[20], the resulting membrane that can be

modification, such as  3-
(APS)

interaction between polymer and clays [21]. Preliminary

by  organosilane
aminopropyltriethoxysilane could increase
tests of PVDF modification with kaolin clay have been
carried out and showed an increase in membrane
hydrophilicity. In this study, organosilane-modified clay
(Clay-APS) and a PVDF/Clay-APS hybrid membrane
were developed. The membrane was made using PVDF
with a different molecular mass from previous studies
[22]. This research investigated the effect of various
concentrations of Clay-APS on membrane performance
toward HA and methylene blue (MB) filtration; and also
discussed surface characteristics as well as antifouling
properties.

m EXPERIMENTAL SECTION
Materials

The materials used in this study include PVDF (Mw
64.000 g/mol) was purchased from Jiangsu Freechem-
China. N,N-dimethylformamide (DMF), polyethylene
Glycol 400 (PEG400), hydrochloric Acid (HCI), and MB
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(Mw 319.85 g/mol) were purchased from Merck. APS
was obtained from Sigma-Aldrich. HA was prepared by
Edulab Indonesia. Clay cosmetic-based (containing
kaolinite) was purchased from Cipta Kimia.

Instrumentation

The membranes were characterized using
Attenuated Total Reflection Fourier Transform Infrared
(ATR-FTIR Agilent 360) and Scanning Electron
Microscopy (SEM, JEOL Benchtop JCM 7000). The dye
solution concentration was analyzed using UV-Vis

spectrophotometer (Hitachi UH5300).
Procedure

Modification of clay with APS

Clay was ground and sieved to size 200 mesh. The
4 g clay was soaked in 100 mL, HCI 0.1 M for 24 h and
then dried at room temperature for 24 h. Modification
of clay with APS followed previous research [23-25].
About 4 g of clay was dispersed in 200 mL of ethanol,
then 4 g of APS, which had been dispersed into 50 mL
ethanol. The mixture was stirred for 24h at a
temperature of 70 °C. The mixture was filtered and dried
at 60 °C for 12 h. The modification has been successfully
carried out and confirmed by FTIR spectra peak at
1568 cm™', which indicates the presence of an -NH
group from APS, and at 2936 cm™" which corresponds to
a CH; of organosilane [26].

Membranes fabrication

PVDF and hybrid membranes were fabricated
using the phase inversion following the previous report
[27]. The casting solution (Dope) was carried out by
various concentrations shown in Table 1. Clay or Clay-
APS, PEG, and PVDF were mixed into DMF with a total
mass of 9 g. The solution was stirred at 60 °C for 24 h.
The dope was cast on glass with a thickness regulator of
130 um and immediately put into a water bath as a
coagulant bath. The obtained membrane was stored in
glycerin and washed before being analyzed.

Characterization

The membranes were characterized by

morphology, functional groups, contact angles, and pore
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Table 1. Composition of 12 g dope solution

PVDF  PEG Clay  Clay-APS Membrane
(wt.%) (wt.%) (wt.%) (wt.%) code
18 4 0 0 PVDF
18 4 1 0 PVDEF/ Kal
18 4 3 0 PVDEF/Ka3
18 4 5 0 PVDEF/Ka5
18 4 7 0 PVDEF/Ka7
18 4 9 0 PVDEF/Ka9
18 4 0 1 PVDEF/Ka-APS1
18 4 0 3 PVDEF/ Ka-APS3
18 4 0 5 PVDEF/Ka-APS5
18 4 0 7 PVDEF/Ka-APS7
18 4 0 9 PVDEF/Ka-APS9
measurement. Membrane surface and cross-section

morphology was analyzed by SEM. Functional group
analysis on PVDF/Clay-APS hybrid membranes was
carried out using the ATR-FTIR. Membranes were
scanned 48 times at a range of 400-4000 cm™ with a
resolution of 4 cm™. The membrane polymorphs were
computed using Eq. (1) [28],
AB
F(B)_AB+1.26AOL L
where F(p) is the relative fraction of the  phase, while Aa
and Ap are the absorbances at the peaks of 769 and
840 cm™', which correspond to the a and P phases,
respectively.

Surface hydrophilicity was determined by
measuring the membrane's water contact angle (WCA). A
flat membrane was prepared on the sample holder and the
water was dropped on the membrane's surface. The water
drop image was recorded and processed using Image]
software with a contact angle plugin.

Membrane porosity was analyzed using the
gravimetric method. The wet membrane (W) was
weighed and dried at 60 °C for 24 h. The dry membrane
(Wy) was weighed again, and the membrane porosity
(¢) was determined through Eq. (2),
s(%)=[u}<loo 2)

Axlxp
where A is the area of the membrane, 1 is the thickness of
the membrane, and p is the density of water.
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Membrane performance test

The measurements were carried out using a
microfiltration device as a stirred cell with a dead-end
system. A membrane with a 5 cm diameter was attached
to the sample holder. The system was operated under a
transmembrane pressure (TMP) of 2 bar using 200 mL
water as the feed phase. The membrane was compacted
for 15 min and calculated the time to obtain 2 mL of
permeate. The water flux was computed using Eq. (3),

\Y%
I= Axt ®)
where ] is the permeate flux (L/m?.h), V is the volume of

water permeate (L), A is the membrane surface area
(m?), and t is the measurement time (h).

The average membrane pore size can be calculated
using the Geurout-Elford-Ferry formula at Eq. (4) [29],
- \](2.9—1.758)X 8p Im Jw @

eXAXAP
where € is membrane porosity (%), p is the deionized water

viscosity at 25 °C (8.9 x 107* Pa s), Im is the wet membrane
thickness, A is effective membranes surface, Jw is pure
water flux, and AP is operating pressure (0.2 MPa).

The membrane rejection was measured by
replacing the feed phase with HA and MB with a
concentration of 100 mg L™". The structure of HA and
MB are shown in Fig. 1 and 2 [30]. Permeate and
retentate concentration was analyzed and the membrane
rejection R(%) was calculated using Eq. (5). The
antifouling was analyzed by calculating the value of the
FRR in the form of a presentation between the
membrane flux that had been used for filtration and the
initial water flux. The values obtained from each
repetition were then averaged. The FRR value is
determined using Eq. (6).

Cp

R(%)=|1-— |x100% (5)
CI'

where C, is the concentration of permeate and C; is the

retentate concentration.

FRR =]—nx100% (6)

o
where J,, is pure water flux after the rejection test and J,
is pure water flux before the rejection measurement.
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Fig 1. Hypothetic structure of humic acid [30]
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Fig 2. Chemical structure of methylene blue

m RESULTS AND DISCUSSION
PVDF Membranes Polymorph

The polymorph of PVDF/Clay and PVDF/Clay-APS
membranes were characterized by ATR-FTIR and
presented in Fig. 3. The ATR-FTIR spectra in Fig. 3(a)
obtained the peaks at 769 and 840 cm™', corresponding to
the vibration of C-H and C-F with different
conformations. The peaks at 769 and 840 cm™ were
related to the a and  phases, respectively. The a phase has

——PVDF/Ka APS 7
B ——PVDF/Ka APS 3
——PVDF/Ka 7
——PVDF/Ka 3
——PVDF/Ka 0

\
.

T T T T
840 820 800 780 760
Wavenumber (cm™')

s

F(p)

the non-polar TGTG' conformation and the  phase has
the most polar nature with the TTTT' conformation. Fig.
3 also shows the change in the value of the { fraction on
the membrane. Fig. 3(b) showed the { fraction of the
pristine PVDF membrane of 0.47, and the addition of
clay and Clay-APS to the PVDF membrane caused
increasing in the P fraction. The increasing  phase of
PVDF/Clay membranes is linear with the amount of clay
added, indicating an increase in the hydrophilicity of the
membrane because the  phase showed the polar nature
of the PVDF [31]. The P fraction of PVDF/clay APS
membranes is relatively constant in Clay-APS
concentration up to 3%, and it is caused by the existence
of a silane group from APS that tend to have
hydrophobic property.
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0.75 4

0.70 H
0.65
0.60

0.55 +

0.50 1

—&— PVDF/Clay
—e— PVDF/Clay-APS

0.45 T T T T T 1

0 2 4 6 8 10
Clay concentration (wt.%)

Fig 3. The (a) ATR-FTIR spectra and (b)  fraction of the hybrid membranes
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Membrane Surface Hydrophilicity

Membrane surface hydrophilicity was analyzed by
WCA and given in Fig. 4. The pristine membrane
obtained a WCA of 85.6°, which indicates that the
membrane is relatively hydrophilic. Fig. 4 also showed
decreasing WCA after PVDF/Clay and PVDF/Clay-APS
modification. A considerable decrease in the contact angle
occurs after the addition of clay with a concentration of 3
wt.% where the value is below 75 °C, and it reaches below
70 °C at the addition of 9 wt.% concentration. The clay
and Clay-APS modified membranes are more hydrophilic
due to the existence of Clay and the increasing of P
fraction.

The image of water droplets on the membrane at
various observation times is shown in Fig. 5. The water
contact angle decreased with aging time, and the
dimensions of the water droplets presented that there was
no diameter widening. The dynamic contact angle
reduction of PVDF/Clay 3% and PVDF/Clay-APS 7% in
Fig. 6 were observed faster than the pristine membrane

t=0min
(a)

t=6min

429

and almost reached 20 °C for 12 min. The decrease in
contact angle on the membrane surface can be
influenced by surface hydrophilicity and pore properties.
Decreasing the water droplet contact angle without a
change of diameter indicated that it is dominantly caused

90 4
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£ 75+
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Fig 4. WCA of PVDF/Clay and PVDF/Clay-APS hybrid
membranes

t=12 min
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t=6 min
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t=12 min

Fig 5. Water droplet aging on (a) PVDF;(b) PVDF/Ka 3%; (c) PVDF/Ka 7%; (d) PVDF/Ka-APS; (e) PVDF/Ka-APS 7

wt.% membrane surface
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Fig 6. The dynamic water contact angle of hybrid
membranes

by the pores in the membrane. The decline of water
contact angle is in accordance with previous research [32]
which shows that the pore factor can cause changes in
contact angle.

Membrane Porosity

Membrane porosity measurement was carried out
using the gravimetric method and data presented in Fig.
7. The porosity of the pristine PVDF membrane has a high
value of 80.2% and decreases with clay addition. On the
other hand, the additional high concentration of clay APS
increases membrane porosity. Membrane porosity is
influenced by the presence of PEG as a porogen in dope.
PEG can increase the number of pores and the pore area
[33]. PEG, a hydrophilic substance, will be pulled out
during the phase inversion due to the interaction with the
water coagulant and leave pores in the membrane. The
addition of clay can hinder water and PEG during the phase
inversion [34], which impacts the exchange solvent-non-

55 —&— PVDF/Clay
—@— PVDF/Clay-APS

50 T T T T T 1

0 2 4 6 8 10
Clay concentration (wt.%)

Fig 7. The porosity of PVDF/Clay and PVDEF/Clay-APS
hybrid membranes

solvent, resulting in lower porosity of the hybrid
membrane. There is a probability that the presence of
APS causes a different trend of porosity values in the
PVDEF/Clay-APS membrane. The existence of APS
influences the membrane to be more hydrophobic; it
affects the lower interaction with PEG and causes PEG
to be easy to release during phase inversion.

Membrane's Morphology

Membrane surface and cross-section morphology
are shown in Fig. 8. Based on surface morphology,
PVDF and hybrid membranes had relatively the same
surface, i.e., dense and rough. The cross-section of the
membrane showed an asymmetric structure and
consisted of macro and micropores. As described in the
previous section, these pores form when PEG is released
from the polymer component during phase inversion,
resulting in membrane pores [35]. Fig. 8 shows the micro
and macropore dimensions differences between PVDF
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Fig 8. Surface and cross-section image of (a, b) PVDF; (¢, d) PVDF/Clay 3%; (e, f) PVDF/Clay-APS 3 wt.%

and hybrid membranes. PVDF membrane produced a
higher macropore but a smaller micropore on the bottom
PVDF/Clay 3% and PVDEF/Clay-APS 3%
membranes showed a bigger micropore than the PVDF
membrane. PVDF membrane had the lowest PWF
because the micropore size was smaller, and PVDF/Clay
3% membrane had the highest flux due to the existence of
macropore and high micropore.

side.

Pure Water Flux and Pore Size of Membranes

Based on Fig. 9, the pure water flux (PWF) and pore
size clay-modified membranes decreased with increasing
clay concentration. This result was in line with the
porosity data. The PWF increased by 1 and 3 wt.% Clay-
APS addition. It could be due to the effect of APS as a
modifier on the clay, which can increase the homogeneity
of the membrane so that the obtained water flux can also

increase until it reaches a maximum concentration of
3 wt.%. PVDF/Clay 3% and PVDF/Clay-APS 3% have
high PWF due to the existence of micropores. It was
linear with morphology data. In contrast, higher
concentration addition of Clay-APS decreased PWE.
Higher clay concentration can induce agglomeration
[36] and pore filling by clay substrate, making the
membrane pores denser.

Performance of PVDF/Clay Membrane for HA
Filtration

The membrane's performance on HA was analyzed
by the water flux and its rejection. Fig. 10 shows that the
water flux of the pristine PVDF membrane with HA as a
feed obtained a lower value than pure water flux. The
presence of HA results in interactions on the surface and
closure of pores in the membrane, which results in a
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Fig 9. The (a) Pure water flux and (b) Average pore size of PVDF/Clay and PVDF/Clay-APS hybrid membranes
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Fig 10. Performance of: (a) Water permeability and (b) Selectivity of PVDF/Clay and PVDF/Clay-APS membranes on

HA filtration

decrease in membrane permeability. The PVDF/Ka3 and
PVDF/KaAPS3 membranes showed the optimum water
flux, where the flux value almost reaches 20 L m™ h™%. On
the other hand, adding a higher clay concentration causes
the flux value to decrease considerably due to the
possibility of agglomeration. These results are linear with
the porosity and pore size of the membrane.

HA rejection was obtained above 90.0%, which
indicates that PVDF and PVDEF/clays hybrid membranes
were acceptable for water treatment. The 3 wt.% addition
increased the membrane rejection and water flux, where
the %R was up to 98.8%. The membrane rejection

decreased at the clay addition of 5 to 9 wt.%, which could
be caused by a larger pore size than the HA particle size.
High clay content resulted in repulsion between the clay
particles and the polymer and induced larger pores
The
PVDEF/Clay-APS membrane showed an increase in the

formation in the membrane cross-section.
rejection value with the increase in filler concentration.
The highest %R was reached at 9wt.% Clay-APS
addition of 98.0%. The linear enhancement of rejection
percentage showed that the modification of Clay-APS in
the membrane solution had a good effect on the

membrane homogeneity.
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Performance of PVDF/Clay Membranes for MB
Filtration

The membrane filtration performance was also
carried out on the filtration of MBdye, and the results
were presented in Fig. 11. The modification of clay and
Clay-APS to the PVDF membrane demonstrated a high
%R of more than 90.0% and increased until %R of 99.1%
for 3 wt.% addition. The water flux of the PVDF/Clay
membrane in MB filtration had almost the same pattern
as the water flux in HA filtration, where the water flux
decreased. The PVDF/Clay-APS membrane produced a
lower flux than the PVDF/Clay membrane and obtained
less than 10 L m™> h™". The overall %R value for MB was
higher than HA. MB particles tend to interact with the
clay-containing membrane surface so that it will be left in
the feed phase.

The PVDEF/Clay-APS membrane
increase in the rejection with increasing filler
concentration up to 99.3% for PVDF/Clay-APS 3%.
Membrane rejection PVDF/Clay-APS showed a value that
tended to be constant at the addition of Clay-APS
concentration above 3 wt.%, but the PVDF/Clay-APS 9%
membrane had the highest rejection value of 99.5%. The
water flux value of the PVDF/Ka-APS membrane was
lower than clay-modified membranes, which results in a

showed an

higher rejection value because the flux value is inversely
proportional to the rejection value. The dye filtration was
influenced by the pores' properties and the membrane's

25+ @

= N
o o
1 1

Water flux (Lm'zh'1)
S
1

—=— PVDF/Clay
—e— PVDF/Clay-APS
O T T T T T 1
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interaction with the dye. MB particles in solution can
form molecular aggregations [37], produce large
molecular dimensions, and cannot pass through the
membrane pores. The interaction of negative charge on
clay and cationic dyes also causes MB to be retained

longer on the membrane surface, resulting in a high %R.
Membrane Antifouling Properties

Antifouling membrane properties were determined
by calculating the FRR value for both HA and MB, and
the results are given in Fig. 12. Pristine PVDF membrane
obtained FRR of less than 80.0% toward HA filtration,
indicating that water permeation decreased by about
20.0% after HA filtration. Decreasing water flux after
feed filtration was related to fouling on the membrane
surface [38-39]. The FRR value of the PVDF/clay
membrane increased dramatically with the addition of
3 wt.%, where the value exceeded 90.0%. Membranes with
the addition of clay and Clay-APS 3-7 wt.% had FRR
relatively same, but there was an increase in FRR for Clay
9% and Clay-APS 9 wt.% contained membranes where
the value exceeded 95.0% for HA and MB filtration.

Fig. 12 also revealed that the FRR value of the
hybrid PVDF membrane for MB filtration was obtained
lower than the FRR value for HA filtration. The FRR
value on the membrane increased due to the increase in
hydrophilicity, which is in accordance with the contact
angle data. Membranes with hydrophilic surfaces will

0 2 4 6 8 10
Clay (wt.%)

105
(b)
100 4
g
et 95
]
k3]
2
e
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=
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0 2 4 6 8 10
Clay (wt.%)

Fig 11. Performance of (a) water permeability and (b) selectivity of PVDF/Clay and PVDF/Clay-APS membranes on

MB filtration

Edi Pramono et al.



434 Indones. J. Chem., 2023, 23 (2), 425 - 437
@ 100 )
100
95 -
95 -
90 -
£ 90 g
& % 85-
[ [T
3 51 g
80 -
80 -
75
754 —a— PVDF/Clay —&— PVDF/Clay
—e— PVDF/Clay-APS 70 —@— PVDF/Clay-APS
0 2 4 6 8 10 0 2 4 6 8 10
Clay (wt.%) Clay (wt.%)
Fig 12. FRR of (a) HA and (b) MB filtration
Table 2. Comparative study of modified PVDF membranes for water treatment
P ter fl Feed soluti
Matrix Type of membrane u(rf ;ze};l)ux ( szlc:r(l)t:a;i(z)r;) Rejection (%) FRR (%)  References
PVDEF/Clay-APS  Micro filtration 24.3 MB (100 mg L) 99.3 924 This study
PVDF/Clay Micro filtration 20.8 HA (100 mg L) 98.8 924 This study
PVDF/NZP Ultra filtration 730.0 HA (20 mgL™) 80.0 100.0 [43]
TP/PEI/PVDEF Ultra filtration 140.0 MB (20 mg L) 95.2 84.6 [44]
PVDEF/Fe;0,4-
/Fe04 Nano filtration 24.2 MB (100 mg L) 84.7 - [45]
HNTs
PVDF/GO-Ni Ultra filtration 38.4 CR (50 mg L™) 98.0 - [46]

form a layer of pure water on the surface, which can
prevent the adsorption and deposition of hydrophobic
[40]. Antifouling properties were also supported by ATR-
FTIR data which showed an increase in the B phase of the
hybrid membrane. Based on the "Polar spreads on Polar"
rule, the wettability of PVDF membranes could change
according to the polarity of the crystalline phase, which
antifouling  properties  [41].
Conventional PVDF membranes generally contain a lot
of non-polar phases and induced fouling due to high
foulant and the
membrane surface. The presence of clay in the PVDF

affected membrane

adhesive interactions between the

membrane influenced the strong interaction between the
dye and membrane surface. Generally, clays particle were
negatively charged and encouraged interactions with
cationic molecules [42]. These resulted in a lower FRR of
MB than HA for both PVDF and hybrid membranes.
PVDEF/Clay and PVDEF/Clay-APS membrane’s
performance shows the potential for water treatment

applications. The results of the water flux, rejection, and
antifouling of membranes are quite high compared to
several previous studies on modified PVDF membranes
for water treatment, as shown in Table 2. The membrane
flux value is not too high but produces a high rejection,
which is more than 98.0% for HA. The rejection value of
the PVDEF/Clay-APS membrane on MB dye was 99.0%,
also quite high compared to the rejection value of other
modified PVDF membranes. The FRR value produced
on PVDF/Clay and PVDF/Clay-APS membranes was
> 90.0%, showing good antifouling properties compared
with other modified PVDF membranes.

m CONCLUSION

PVDF and clay-modified hybrid membranes were
successfully fabricated using phase inversion and
produced asymmetric membranes with micro and
macropore. Clay and Clay-APS addition could increase
the membrane surface's hydrophilicity. The presence of
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clay decreased membrane porosity and reversely for Clay-
APS addition. The membrane's selectivity increased with
the addition of Clay and Clay-APS. The most effective
membrane for HA filtration is PVDF/Clay-APS 3% with
water flux of 18 Lm™h™, rejection of 96.0%, and FRR
above 95.0%. Meanwhile, the most effective membrane
for MB filtration is PVDF/Clay 3% with a water flux of
20 Lm™h™, rejection of 99.1%, and FRR above 92.0%.
These indicate that PVDF/Clay and PVDEF/Clay-APS
membranes can be applied in industrial applications,
especially at HA and dye filtration.
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