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ABSTRACT

Hydrophilic enhancement was studied by modified hollow fiber
polyvinylidene fluoride (PVDF) membrane via pulse inductively coupled
plasma (PICP) induced and coated with graphene oxide nanoparticles (GO).
The modified PVDF membranes were characterized by using a scanning
electron microscopy (SEM) and the water contact angle. SEM analyzed
morphology of modified PVDF membrane surface grafted with acrylic acid
polymerization (PAA) was smoother than compare with surface of pristine
membrane. Water contact angle (WCA) reported PICP method and grafted with
PAA were supported modified PVDF membrane to increase hydrophilicity.
WCA of modified PVDF membrane with grafted PAA was decreased from
73.6°+£1.5°t0 63.86 £ 6.3°. In comparison, WCA of modified PVDF membrane
with grafted PAA and coated GO was lower than pristine membrane.
Moreover, the WCA of modified PVDF membrane with grafted PAA and
coated GO concentration of 10 ppm at 24 hours was lowest (42.29 + 6.2°).
Although, from the WCAs reported the modified P\VDF membrane via PICP
plasma-induced methods and coating GO exhibited hydrophilic hollow fiber
PVDF membrane. There are suggested for wastewater treatment.

Keywords: Polyvinylidene fluoride (PVVDF) membrane, Hydrophilicity,
graphene oxide nanoparticles, plasma-induced graft polymerization
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CHAPTER |
INTRODUCTION

Membrane technology is one of technique for wastewater treatment.
Polyvinylidene fluoride (PVDF) membrane is polymeric membrane material
that widely used in filtration process to separate contaminants from wastewater
industries because it is high mechanical strength, thermal stability and chemical
resistance (Kang and Cao, 2014). In fact, the PVDF membrane is
hydrophobicity in nature cause of the major problem of membrane filtration
(Laohaprapanon et al., 2017). PVDF hollow fiber membranes have substantial
area per unit module volume more than flat sheet, higher packing density and
higher a configuration for industrial scale (Dastbaz et al., 2017) but the poor
wettability of the PVDF hollow fiber membrane was limited their application
in aqueous media. The problem is tendency fouling that accumulation of
foulants on membrane surface, leading to reduce permeation and high cost to
operation system. Also, biofouling begins with bacteria in wastewater attached
on the membranes surface and develop biofilms comprising the polysaccharide,
complex microbial cell. Organic fouling cause to pore blocking and pore
narrowing for filtration process (Lee et al., 2013). Coating or chemical grafting
Is to be more effective way to increase hydrophilicity and chemical properties
of PVDF membrane.

Recently, the inorganic compounds such as titanium dioxide (TiO), zinc
oxide (ZnO), graphene oxide (GO) were successfully coated for hydrophilic
membrane modification and antifouling. They displayed achieve high
permeability and obstruct biofouling due to low interfacial energy between a
surface and water. GO nanoparticle is good one material for the coating on
membrane to enhance hydrophilicity which high permeation. The coated
membrane was increased oxygen containing functional such as carboxyl,
epoxy, and hydroxyl by GO coating (Wang et al., 2012). Moreover, functional
group of inorganic compounds also reduce biofouling and accumulation on
membrane surface (Lee et al., 2013).

Although, coating is limited due to the distribution of particles is unequal
on membrane surface and take a long time. It usually causes the increase
permeation resistance, use high pressure and avoiding of membrane pore.
Therefore, plasma treatment was used to activate PVDF membrane perior to



surface coating by GO nanoparticles. Pulse inductively couples plasma (PICP)
Is one of plasma treatment that high energy to active molecule onto surface and
did not take long time to realize the result. PICP was studied effect of the
physical properties on gelatin film and the results found that nitrogen plasma
improved the hydrophilicity of the crosslinked gelatin surface (Prasertsung et
al., 2010). Nowadays, no study reported the plasma surface activation on PVDF
membrane by PICP. Moreover, acrylic acid (AA) was plasma grafted on PVDF
membrane to facilitate hydrophilicity instead of crosslinked process.
Polyacrylic acid (PAA) is the most common polymer used for the synthesis of
hydrophilic membrane surface (Kang and Cao, 2014). PAA is hydrophilicity in
nature and functional groups could strongly bind nanoparticles via ion
coordination or hydrogen bonding (You et al., 2012). PVDF membranes with
PICP induced-grafted with PAA reduced fouling and pressure on membrane
surface and enhance attachment between nanoparticles and membrane surface.

The aim of the study is to modify PVDF hollow fiber membranes with
graphene oxide nanoparticles and PAA to increase hydrophilicity property. The
modified PVDF membranes were characterized the morphology and water
contact angle.

Objective

To enhance hydrophilic hollow fiber PVDF membrane by coating GO
and PAA via plasma-induced grafted polymerization using PICP



CHAPTER I
LITERATURE REVIEWS

2.1 Membrane process

The membrane filtration process is one of the technologies of water
treatment, gas separation, food manufacturing, pharmaceutical industry and
environmental filtration without chemicals. The general membrane filtration
process was filtered using a membrane to separate liquids with many
components. The filtration direction is cross flow filtration using pressure to
allow the feed to move parallel to the surface of the membrane and liquid
through the hole of the filter membrane. The membrane materials are inorganic
and organic polymers, i.g. organic polymers are polysulfone (PSF), poly (ether
sulfone) (PES), polyacrylonitrile (PAN), polyimide (Pl), poly (vinylidene
fluoride) (PVDF) and polytetrafluoroethylene (PTFE) (Liu et al., 2011).

PVDF is a structure polymer -(CH,CF;),- that high mechanical strength,
resistant to constantly changing temperatures and resistant to chemical changes
(Kang and Cao, 2014). There is an important asset in the use of membrane for
separation process. PVDF membrane can be divided into three characteristics:
flat sheet, hollow fiber and tubular membrane. From previous studies, PVDF
membrane was used in microfiltration filtration (MF), ultrafiltration (UF),
membrane bioreactor (MBR), gas separation and water pollution disposal
(Ayyavoo et al., 2016). In nature, hydrophobic membrane has low surface
energy, therefore, there is difficulty to adsorb and isolate liquids. Then, the
membrane surface was adapted to more the water permeation.

2.2 Hydrophilic membrane modification

The hydrophilicity of membrane was improved for mitigate biofouling
on membrane surface by surface modification. Surface hydrophilic
modification can be classified in to two categories followed interaction with
modifier and membrane; physical and chemical modification. For physical
modification, membrane surface was interacted but not change composition of
membrane. There are two ways to achieve the physical modification by coating
modifying agent directly and immersion of membrane in active monomer
solution and monomer immobilized onto membrane surface by crosslinking or
polymerization (Kang and Cao, 2014). For chemical modification, membrane



surface was modified though covalent bonding interaction. Polymer of
membrane was activated by high-energy radiation followed by grafting
modifier. Covalent attachment on surface membrane offer a long-term and
stability compare with physical modification. There are several studies the
surface modification to hydrophilic nature (Liang et al., 2013; Rahimpour et
al., 2008; Wang et al., 2017; Ganeshlsloor and Ismail, 2013). The membrane
surface was improved by combination of plasma treatment that chemical
modification and coating with inorganic nanoparticles for the increase
hydrophilicity. The fabrication PVDF membrane grafted with poly(methacrylic
acid) (PMAA) by plasma induced copolymerization and blending of silica
nanoparticles (Liang et al., 2013). The functionalized membrane was improved
the wettability and converted membrane surface from hydrophobicity to
superhydrophilicity. The hydrophilicity was reported by water contact angle
(WCA). The membrane surface is hydrophobic when WCA is more than 90°
and is hydrophilic when WCA lower than 90°. Li et al. (2017) reported the
WCA compare with pristine membrane (95.2°). after modification with TiO»,
WCA was declined 40.3% (=55°). In contrast, the WCA of modification PVDF
membrane with TiO,:ZnO 1:3 was dramatically decreased 82.6% (=13°),
indicating the photo-induced superhydrophilicity was realized.

2.3 Plasma-induced grafted polymerization

Plasma-induced grafted polymerization is surface modification methods
to improve the properties of membrane. In addition, the surface modification
can reduce the blockage of fouling on membranes. Plasma treatments include
plasma sputtering, etching, implantation and spraying. During the process,
insert gases are activated to form the plasma and exchange of ion and atoms on
membrane (Ayyavoo et al., 2016). The resulting mechanism is that gas plasma
stimulates free radicals, charges or ions on the surface of the membrane (You
et al., 2012). Inducing free radicals up on the surface of membrane from
protons, carbon bonding breakdown and collision of charges to changes the
composition of the membrane and changes the physical and chemical properties
of the membrane. Choosing a type of gas plasma treatment depends on whether
it wants to induce elements on the membrane surface such as the use of O,
plasma causing among functions with oxygen such as * OH, OH-, -OH, -CO on
the surface of membrane (Liang et al., 2014) as shown in Figure 2.1. The
activated membrane surface is highly sensible to reactions and act as a primary



substance in the polymerization process. In addition, Khaledian et al. (2019)
there is the use of Argon plasma activate the structural change of titanium
oxide.

Free radicals or the functionals group were caused stimulating the surface
of membrane with plasma-induced, the active site of the function group
provides more opportunities to react or build bonds with other substances on
the membrane surface. This causes chemical reactions between the skin of
membrane and monomer and synthesized into long line polymers (Ayyavoo et
al., 2016). The effectiveness of membrane modifications depends on the type
of plasma. The energy and pressure provided to membranes, which are also
indicative of the stretching and end of the polymer. According the study of
Laohaprapanon et al. (2017) found that monomer use of acrylic acid (AA
monomer) to achieve self-polymerization reactions on membranes after plasma-
treated stimulation, which polyacrylic acid formed with high hydrophilic
properties, improves the filtration of water through membranes. Plasma induced
vapor graft of acrylic acid was increased binding fastness of silver nanoparticle
(AgNP) on the cotton fabrics (Wang et al., 2017). Plasma induced
copolymerization of poly(methacrylic acid) (PMAA) on PVDF by silica
nanoparticles (NPs) improve hydrophilic and generate carboxyl groups to
binding NPs on membranes surface (Liang et al., 2013).

Figure 2.1 Schematic illustration of the PVDF-PAA membrane
preparation. (Chen et al., 2019)

Pulse inductively coupled plasma (PICP) is one of high energy plasma
systems which can modify surface of polymer. The surface treatment by PICP
does not require lengthy treatment time to achieve desire effect. The PICP
system is flexibility in reducing and rising electron temperature of the plasma
though variation of electrical energy stored and operating gas pressure



(Prasertsung et al., 2010). In addition, inductively coupled plasma produced in
a closed environment provides clean environment for treatment of biomaterials.

2.4 Coating

There are several methods to increase hydrophilicity such as physical
blending. Catalyst and matrix membrane was mixed together before was
fabricated membrane (You et al., 2012). However, blending often lead of the
reduction of membrane stability and performance because of the agglomeration
of particle that limits free space for movement of polymer chains
(Laohaprapanon et al., 2017). Surface coating is candidate the physical surface
modification. The thin layer was deposited on top layer of membrane (Ayyavoo
et al., 2016). The hydrophilic functional materials are physically deposited on
membrane by three different mechanisms :

1. Adhesion/adsorption with binding energy improved by manifold
interactions between functional group in macromolecular layer and on
the hard surface.

2. Interpenetration by combining the functional material and base polymer
in an interphase.

3. Macroscopic entanglement of functional group and pore structure of
membrane.

Nanoparticles are often candidate coating material which increase
hydrophilicity and antimicrobial activity. Nanoparticles are used to create
suitable surface with physical and chemical characteristics (Chouirfa et al.,
2019). Nanoparticles were coated on top layer of membrane to be more
effective than blending method (Laohaprapanon et al., 2017). Nor et al. (2016),
the result demonstrated that TiO, was dipped coating on alkaline treated PES
membrane. Photocatalytic activity of TiO, was motivated by coating and
enhance hydrophilicity.



2.5 Inorganic nanoparticles

Inorganic nanoparticles were served the aqueous properties of the
membrane, improve physical and chemical membrane properties, eliminate
pollution, and increase suitable for the membrane. The effective inorganic
nanoparticles for PVDF membrane include aluminum oxide (Al;Oy), silica
dioxide (Si0,), TiO,, Zn, GO etc. (Li et al., 2018),(Ayyaru and Ahn, 2018). In
the previous research, the membrane was prepared by blending with
nanoparticles that mixed nanoparticle solution and membrane together or
coating that immersion membrane in the solution of inorganic nanoparticles
and using ultrasonic frequency to increase dissolve solution. Ultrasonic wave
can make the solution uniform and non-condensing that nanoparticles was more
dispersed in the membrane surface (AyyaruDinh and Ahn, 2020).

Graphene oxide (GO) is a catalyst that can synthesize a layer of graphite
with several hydroxyl and carbonyl groups (Lee et al., 2013). GO is increase
oxygen containing functional groups. Different hydrophilic functional groups
of GO easily water take up or adsorption on membrane surface. GO is high
aspect ratio, low density, and high strength material (AyyaruDinh and Ahn,
2020). Moreover, GO can induce negative charge and increase mechanical
strength of host polymer (Ganeshlsloor and Ismail, 2013). It is benefit in water
treatment for permeability and antifouling. In previous study, Ganeshlsloor and
Ismail (2013) reported that GO was dispersed to PSF mixed matrix membrane.
GO membrane surface was rather permeation water and expand salt rejection
from measuring pure water flux. The study of Zhang et al. (2013) has modified
PVDF membrane by oxidized low dimensional GO and the results found that
there are many comprised oxygen functional groups to increases permeation
flux compared with pristine and prospect for anti-irreversible fouling
performance in multi-cycle bovine serum albumin (BSA) treatment. Goh et al.
(2015) have reported the use of GO nanosheets on surface of polyamide hollow
fiber membrane. The results found that a strong hydrophilicity was improved,
and the antimicrobial property was conferred given a direct contact between
bacterial cells and GO.



CHAPTER I
METHODOLOGY

3.1 Chemicals and materials

PVDF hollow fiber membrane was purchased from Altrateck (China).
The specification of the PVDF membrane was reported by the manufacturer as
shown in Table 3.1. Acrylic acid was purchased from Loba Chemie (India).
The specification of acrylic acid (AA) was presented in Table 3.2. Graphene
oxide nanoparticles (GO) were supplied from Prime Nanotechnology
(Thailand). The properties of GO reported from manufacturer were
summarized in Table 3.3. Deionize water (DI) was used to preparation solution.
All chemicals used were analytical grade.

Table 3.1 The specification of the PVDF hollow fiber membrane.

Fiber outer diameter (mm) 1.13
Fiber inner diameter (mm) 0.8

Pore size (um) 0.16
Membrane porosity (%) 70%

Table 3.2 The specification of acrylic acid.

Molecular Formula C3H40;
Molecular Weight (g) 72.06
Purity (%) 98%
Density (d20°C/4°C) (g/cm?) 1.048-1.052

Refractive index (20°C; 589 nm) 1.4200-1.4224
pH 1-2




Table 3.3 The properties of graphene oxide nanoparticles (GO)
Appearance Black powder/flakes
Flake sizes (Microns) 1-10
Characterization:
SEM

Single layer ratio >99%

3.2 Methods

3.2.1 Plasma-induced graft polymerization with acrylic acid (AA)

A pulse inductively couple plasma (PICP) was set up followed
Prasertsung et al. (2010). The commercial PVDF hollow fiber membrane was
cut into 30 cm in length and were enclosed with cylindrical quart tube and
placed in the plasma vacuum chamber. PICP was driven by discharging when
charging potential to 10 kV. O, gas to generate O-containing functional groups
that can be incorporated into membrane surface. O, gas was selected and filled
at low pressure after a pre-evacuation of the quartz tube by system of diffusion
and rotary pump. When operating, the current was discharged though a single
turn steel coil around the quartz tube producing O, plasma inside though
electromagnetic induction process. O, gas plasma produced in two shots pulse.
Then, the plasma treated membranes were immersed into 70 wt% acrylic acid
monomers (AA) solution which nitrogen purged to induce self-polymerization
on the membrane surface for 1 hour. The unreacted monomer and PAA polymer
were washed out using DI water. Then, functionalized membranes were
activated in oven (ULM 700, Memmert, Germany) 60°C for 1 hour before dip-
coating GO at ambient conditions (Laohaprapanon et al., 2017).
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3.2.2 GO hydrophilic modification

The activated membranes by O, plasma using PICP followed by coating
with PAA were coated with GO by dip-coating method. To functionalize PVDF
membrane with GO, graphene oxide powders were dissolved in 500 ml in DI
water. Before suspension functionalization PVDF membranes into GO
solution, the suspended GO solution was sonicated by using ultrasonic
sonicator bath (DT510H, SONOREX, Germany) to homogeneous suspension
and prevent agglomerate of particle for 1 hour. After that, the activated PVDF
membranes with PAA were dipped into varied GO concentration (10, 20, 40
ppm) and different coating time (1, 2, 4 and 24 hours) as presented in Table
3.4. Then, the removal weak boundary GO particles with DI water were done
and the coated membranes were incubated in oven (ULM 700, Memmert,
Germany) 60° C for 1 hour. The membrane samples were air dried for 20 min.
Finally, functionalization PVDF membranes were stored subsequent
membrane in zip lock for characterization.

Table 3.4 The concentration of GO and coating time of membranes grafting without PAA

Membranes  Concentration of GO Coating time (hours)

(Ppm)
C1l 10
C2 10
C3 10 4
C4 10 24
C5 20 1
C6 20 2
C7 20
C8 20 24
C9 40 1
C10 40 2
Cl1 40

C12 40 24




11

Table 3.5 The concentration of GO and coating time of membranes grafting with PAA

Membranes Concentration of GO Coating time (hours)

(ppm)
PO 0 0
P1 10 1
P2 10 2
P3 10 4
P4 10 24
P5 20 1
P6 20
P7 20 4
P8 20 24
P9 40
P10 40
P11 40 4

P12 40 24

3.2.3 Membrane characterizations
A scanning electron microscopy (SEM) were used to analyze
morphologies both the surface of unmodified and modified membranes (Shen
et al., 2017). Hydrophilicity were analyzed the water contact angle (WCA) by
tensiometer (DCAT 11, Dataphysics, Germany) which recording diameter,
surface tension and height of liquid in tube (Extrand and Moon, 2014).
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CHAPTER IV
RESULTS AND DISCUSSION

4.1 Morphology of membrane

Membrane surface morphology was analyzed by SEM at different
conditions as shown in Figure 4.1. The morphologies of pristine, PVDF
plasma-induced, PVDF plasma-induced grafted PAA and GO at 40 ppm 4
hours were compared. The results found that the coating surface membrane by
plasma grafted with PAA (P0) and P11 was smoother than the pristine. From
SEM results, this was confirmed plasma method by PICP and grafting PAA
were successful modification. Chen et al. (2019) found that the achievement
using plasma method and grafting PAA was successful modification that
plasma slowly reacted with PVDF membrane surface, resulting in more
peroxide being formed and PAA grafting was higher oxygen-containing
functional groups on membrane, leading to the low WCA.. Structure of PVDF
membrane was more improved the characteristics of high physical and
chemical activities. This was because 70% aqueous of acrylic acid at 60°C to
graft on PVDF membrane with activated by PICP plasma, resulting to amount
of carboxylic acid groups that can actively serve as binding site for
nanoparticles coating with chemical bond (You et al., 2012) and increase of
Van Der Waals force in molecules interaction (Yu et al., 2019). The surface of
modified PVDF membrane by plasma-induced grafted PAA and coated with
GO did not different compare to pristine membrane as shown in Figure 4.1. GO
cannot be found on membrane surface and difficult to observe characteristic of
GO on membrane surface as presented in Figure 4.1c). This result was similar
with You et al. (2012) that morphology of modified PVDF membrane surface
which grafted PAA PVDF membrane was no difference with surface of
pristine.
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Figure 4.1 SEM images: (a) Pristine membrane, (b) PICP plasma-induced

membrane (PO0), (c) PICP plasma-induced grafted with PAA and
coated GO 40 ppm 4 hours (P11)

4.2 Hydrophilicity

Polymer solution and GO nanoparticles were used to more hydrophilic
nature that they were modified functional group by chemical reaction on PVDF
membrane surface. Hydrophilicity of hollow fiber PVDF membrane can be
measured by tensiometer in term of water contact angle values (WCA).



14

4.2.1 Effect of coating time

As shown in Figure 4.2, WCA of plasma-induced membrane and coated
with GO at concentration of 10 ppm was decreased from 69.2° + 7.1° to 49.3°+
4.5° when the coating time was increased from 1 hour (C1) to 24 hours (C4).
However, WCAs were slightly decreased when coating time was increased for
20, 40 ppm (C5 to C12). It could be demonstrated that hydrophilic properties
of membrane was because of the increase of GO concentration (Lee et al.,
2013). The PVDF membrane is enhanced by the oxygen containing functional
groups of the GO nanoparticle (Goh et al., 2015).

The modified PVDF membrane grafted with PAA followed by coating
GO was increased hydrophilicity as shown in Figure 4.3. For GO concentration
of 10 ppm, WCAs of modified membrane grafted with PAA and coated GO
from 1 hour (P1) to 24 hours (P4) were decreased from 57.8° £ 3.9° to 42.3°+
6.2°. For GO concentration of 20 ppm, WCA were declined from 69.1° £ 3.0°
to 44.2°+ 5.8° when the coating time increase from 1 hour (P5) to 24 hours (P8).
This was because the functional group of hydroxyl was attached on membrane
surface (You et al., 2012). For GO concentration of 40 ppm, WCA was
increased from 57.8° = 6.6° to 61.8° + 2.9° when increase the coating time from
4 hours (P11) to 24 hours (P12). The WCA of P11 was lower than P12 because
GO nanoparticles of modified membrane might be agglomerated on membrane
surface which exhibited wetting and reduce hydrophilicity of membrane.
According to the results, this was confirmed that the more positive effect of
PAA-GO compare GO on PVDF membrane when longer time coating toward
the hydrophilic improvement. WCA was slightly decreased with the coated
PVDF membrane long period (You et al., 2012). Coating GO for 24 hours was
the lowest WCA to modified membrane.
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4.2.2 Effect of different GO concentrations

WCA of modified membrane with GO at different concentration for 24
hours was presented in Figure 4.4. The WCA of modified membrane via PICP
plasma-induced grafted with PAA (P12) was decreased compare with pristine
(PO) from 73.6° £ 1.5° to 63.9° + 6.3°. This was because the pristine (PO) was
high characteristic of fluorine and weak affinity of PVDF toward water. After
membrane induced by PICP plasma, the hydroxyl group was formed and then
attributed to PAA (Laohaprapanon et al., 2017). When increasing the
concentration of GO from 10 ppm (C4) to 40 ppm (C12) at 24 hours coating
time, WCAs of modified membrane without PAA grafting were increased from
49.3° + 4.5° to 51.2° + 5.8°. While the WCA of modified membrane grafted
with PAA when increase GO concentration from 10 ppm (P4) to 40 ppm (P12)
were increased from 42.3°+ 6.2° to 61.8 £ 2.9° at 24 hours coating time. In
comparison with WCA of PICP plasma-induced membrane with and without
PAA grafting, the WCA of PICP plasma-induced grafted with PAA membrane
(P12) was lower than that of without PAA grafting in concentration of GO 10
(C4) and 20 ppm (C8). This was because the modified PVDF membrane with
GO nanoparticles have more hydrophilic although no grafted PAA on
membrane leading to increase water permeate of membrane (AyyaruDinh and
Ahn, 2020). The previous study of Goh et al. (2015) that the characteristic of
hydrophilic PVDF membrane was enhanced by oxygen containing functional
groups of GO nanoparticles on membrane surface. The modified membranes at
high concentration (40ppm) were not low WCA because GO nanoparticles
were agglomerated, resulting in water permeation was useless similar as a study
of You et al. (2012) that the high concentration of ZnO was resulted higher
WCA due to pore blocking of the ZnO assemble on surface membrane.
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CHAPTER V
CONCLUSIONS

5.1 Conclusions

The PVDF hollow fiber membranes modified by PICP plasma-induced
grafted PAA and coated with graphene oxide nanoparticle to increase
hydrophilicity property. The modified PVDF membranes were characterized
by using SEM and the water contact angle.

The morphologies were measured by SEM and characteristic of chemical
composition were analyzed by WCA. The SEM results shown pristine PVDF
membrane was roughness. When activated PVDF membrane with PICP plasma
method and grafted with PAA, the PVDF membrane surface was smoother.
However, morphology of modified PVDF membrane surface grafted with PAA
was no significantly different compare with surface of pristine membrane.
WCA reported PICP plasma method and polymerization of PAA were
successfully coated onto PVDF membrane surface to enhance hydrophilic
membrane. WCAs of modified PVDF membrane 40 ppm were decreased from
pristine membrane 73.6° = 1.5° to 42.3°+ 6.2° when the coating time increased
1 hour to 24 hours. When increasing concentration of GO nanoparticles from
10 to 40 ppm at 24 hours, WCAs of modified membrane that without PAA
grafting and grafted with PAA were increased from 49.3° +4.5" to 51.2° £ 5.8°
and 42.3° £ 6.1° to 61.8° £ 2.9°,respectively. Although, GO nanoparticles were
WCA of modified PVDF membrane decreased. PICP plasma method and
grafted polymerization with PAA was supported modified PVDF membrane to
superhydrophilicity.

5.2 Suggestions

The modified PVDF membranes should indicate water permeation flux
and filtration for confirm hydrophilicity and antifouling potential. This study
could apply in membrane technology for wastewater treatment. Membrane
modifications reduced reactors of treatment process. GO nanoparticles were
used at low concentration to modify membrane surface that it reduced the
amount of GO residue in the environment.
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