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ABSTRACT
Paper history:
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The clean water crisis in Indonesia is increasing every year, and waste from the textile industry
sector can also add to this problem. There are various water treatment processes to deal with the
clean water crisis, one of which is the desalination process using graphene oxide. With the
Keywords: addition of hydrophilic nanoparticles, graphene oxide (GO) membranes can increase roughness
60/Si02 Nanocomposite, Membrane, and have good mechanical strength. SiO2 nanoparticles also have a high specific surface to absorb
G0/Si02-Psf, Desalination, Filtration water or are hydrophilic. This study aims to determine the ability of the GO-SiO2/Psf membrane
to reject salt (NaCl solution) and filtering of methylene blue solutions. Membrane prepared by
variations of TEOS 0.6; 0.8; 1.0; and 1.2 ml for GO/SiO2 composite synthesis. The results showed
that the GO-SiO2/PSF membrane could absorb methylene blue solution. The most optimum
absorption value occurred at a TEOS concentration of 0.8 ml and had the most effective salt
rejection value for NaCl solution equal to 67.22%.

doi: 10.5829/ije.2018.31.04a.01

NOMENCLATURE
Cr The salt concentrations in feed A Area (m?)
Cp The salt concentrations in permeate SR | Salt-Rejection (%)
Jw The permeate water flux (L m-2 h-1) F Flux flow
vV Volume (m3) A The water permeability coefficient (L m-2 h-1 bar-1)
TEOS Tetraethyl orthosilicate, Si(OH)4 Psf | Polysulfones, performance thermoplastics

*)munasir_physics@unesa.ac.id (Munasir Nasir)

predicted to increase by 7,24 billion m® from 2021 to

1. Introduction 2050, while the availability of clean water in Java is
Indonesia is the largest archipelagic country in in the range from 1991 to 2020 and 2021 to 2020. By
the world with a sea area of 5,8 million km? and only 2050, it will decrease by 75,68 billion ms @
2,01 million km? of land area. By having an existing The scarcity of clean water is caused by
sea area, Indonesia has great potential to be able to several factors, including the amount of water
utilize and treat sea water as an alternative to meet the demand that continues to increase and exceeds its
needs of clean water. The need for clean water in Java supply capacity (2), as well as the result of
from 1991 to 2020 was 79,41 billion m® and is irresponsible human activities (84): The scarcity of

Please cite this article as: Munasir, SR Lutfiana, Evi Suebah, Nuhaa Faaizatunnisa, Ezza Suhada Sazali, Ahmad taufiq, Graphene/SiO2-Psf
Membrane for Water Filtration: Sea-Water and Dyes Colour (MB), International Journal of Engineering (IJE), IJE TRANSACTIONS A: Basics Vol.
35, No. 4, (December 2022) 184-191
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clean water also has an impact on the lower middle-
class community because they have to provide funds
to meet the needs of clean water. Global water
scarcity is driven by water quantity and water quality
issues, and measures expansion in clean water
technologies (i.e. desalination and reuse of treated
wastewater) “to reduce the number of people
suffering from water scarcity” as urgently needed by
the United Nations Sustainable Development Goal
(SDGs 6.0) (B
Meanwhile, the textile industry sector has
increased every year. The textile industry can produce
approximately 700 tons of dyes per year globally (€)i
Methylene blue is one of the dyes used in the textile
industry as a basic ingredient in production.
Methylene blue is a heterocyclic aromatic compound
that is often used in the textile, silk, and wool
industries - This can lead to the release of dye
waste that endangers the surrounding environment
and can damage aquatic organisms Based on data
from the World Resources Institute (WRI), Indonesia
is ranked 51st with a high-risk level of clean water
crisis (high 40-80% possibility). To deal with the
scarcity of clean water, there are various kinds of
water treatment processes, one of which is the
desalination process.
Desalination is a water purification technique
by separating the levels of substances from water
by reducing ions to the required level
according to human needs (@@)] The desalination
process can be carried out using graphene oxide.
Graphene oxide offers an unusually high surface area,
mechanical durability, atomic thickness, nano-sized
pores and reactivity to polar and non-polar water
pollutants. These characteristics provide high
selectivity and water permeability, and thus provide
excellent water purification efficiency. It also has the
ability to adsorb and photocatalyzed water pollutants,
so it has great potential for filtration materials, even
for seawater desalination{@)i
The addition of graphene oxide (GO) to the
composite can affect the magnetization value so that
it has super paramagnetic properties and can be used
to absorb methylene blue The GO
membranes contain groups such as epoxide, carboxyl,
and hydroxyl which can bind to water. Graphene
oxide membranes also have good mechanical
strength, so they are easy to fabricate and have the
otential to be produced on an industrial scale (142
However, pure GO membranes have a finely
stacked structure and have limited improvement in
membrane performance. Based on the Cassie-Wenzel
theory, there is an effective method to overcome the
weakness of GO membranes, namely the addition of
hydrophilic nanoparticles to increase surface
roughness
There are three graphene derivatives: graphite,
GO, and rGO. Graphite is the primary material of
carbon which is amorphous and stacked and rich in
carbon and oxygen. GO is the result of graphite

oxidation which increases the amount of oxygen, and
some Van der Walls bonds have been released. So the
thickness of the sample has been reduced. Reduced
Graphene Oxide (rGO) is a graphene oxide in which
the carbon atoms of graphene undergo oxidation and
reduction. In the oxidation process, there are several
oxygen and hydrogen atoms bonded to carbon atoms,
the result of this oxidation process is called GO.
While in the reduction process, some hydrogen and
oxygen bonds are released from graphene oxide so
that a structure almost similar to graphene is obtained.

From various previous studies, silica
nanoparticles have shown great application potential
in some fields, such as chemistry, biomedicine,
biotechnology, agriculture, environmental
improvement, and wastewater purification. With
superior properties such as mesoporous structure,
high surface area, adjustable pore size/diameter,
morphology, biocompatibility, modifiability, anti-
bacterial, as an excellent encapsulating agent for
various bioactive molecules: proven safe for targeted
drug delivery, and polymer hybridization ability

In a study conducted by Jiawei Sun et al. using
a GO-SiO, membrane as an oil-in-water separator, it
was found that the incorporation of SiO;
nanoparticles with GO can expand and increase water
permeability with oil rejection (>99%) for various
types of oil-in-water emulsions h The
GO/SiO2 hybrid composite membrane has good
hydrophilicity and thermal properties, able to reject
high rhodamine B dye molecules (99%), high
permeation and water resistance, so it is very good to
be developed as a high-performance material for
water treatment (22)11SiO,-GO/Psf hybrid membrane
presents the best overall properties, including water
permeation rate, protein rejection and antifouling
ability ([28)24)] The SiO,-GO nanohybrid has high
hydrophilicity and good dispersibility properties
derived from silica nanoparticles which are densely
and uniformly coated on the GO surface and serve as
a space layer of GO (22)28)] The GO-SiO./Psf
composite under UV irradiation during filtration
greatly reduces the formation of fouling and produces
a high flux recovery ratio, and is effective for
filtration and remove organic pollutants (25)!

SiO, nanoparticles have properties that can
carry a large number of hydroxyl groups, and the
concentration of hydroxyl groups is directly
proportional to the specific surface area of the
amorphous silica. And also have a high specific
surface so that they can absorb water or are
hydrophilic, and on the surface of SiO, there are
abundant siloxane groups (Si-O-Si) that can bridge
oxygen atoms [ZBIZI In this study, we will report the
results of the synthesis of GO/SiO, nanocomposite
and the fabrication of the GO/SiO,-Psf membrane and
its antibacterial and hydrophobic properties as well as
its potential as water desalination, and filtration of
methylene blue molecules in water.
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2. Materials and Method
2.1. Materials

Some of the materials used include graphite
powder produced from coconut shell extract,
NaNOz(Merck, for analysis), KMnO4 (Merck, for
analysis), H-0, H,O, (Merck, 30%), NH4sOH (Merck,
25%), distilled water, and TEOS which are all
obtained from Edu Lab, H.SO. (Merck, 95-97%) was
obtained from Indofa Industry, HCI (Merck, 37%)
was obtained from Mallinckrodt, NMP solvent was
obtained from Sigma-Aldrich, PSF (Polysulfone) was
obtained from Sigma-Aldrich (average Mw ~35,000),
dan Methylene blue (M9140, Sigma-Aldrich).

2.2. Synthesis Method
2.2.1. Synthesis of Graphene (GO)

The hummer method was used, in which 5
grams of graphite powder, 2,5 grams of NaNOs, and
120 ml of H.SO4 were placed in a 500 ml beaker with
an ice bath and stirred for 30 minutes to form a black
solution. Then 15 grams of KMnOs were added
slowly and stirred for 30 minutes at a controlled
temperature of 20°C to form a purple solution, and
then stirred again for 3 hours at room temperature to
form a brown solution. Then 150 ml of H,O was
added and the temperature was held at 95°C. The
mixture was stirred for 3 hours at a controlled
temperature of 95°C-100°C to form a dark yellow
solution (28). Then 50 ml of H,O; (30%) was added
slowly, then washed with HCI (1M) and H2O until the
yellow color of the solution disappeared and the pH
of the solution became neutral, then sonicated for 1
hour and filtered to produce a black gel. Furthermore,
the black gel was dried at a temperature of 60°C for 6
hours and produced GO.

2.2.2. Synthesis of GO/SiO2 Composite

It was carried out by the TEOS hydrolysis
method, where 12,5 mg of GO was mixed with 150
ml of ethanol distilled water using a ratio of 1:5 and
then sonicated for 30 minutes. Then, ammonia was
added until the PH of the mixture was close to 9. Then
0.6 ml to 1.2 ml of TEOS concentration were added
to the solution and stirred for 30 minutes. Then it was
stirred at room temperature for 24 hours, centrifuged
and washed with ethanol, then dried for 12 hours at
60°C producing a GO/SiO, composite (27).

2.2.3. Fabrication of GO/SiO2-Psf Membrane

Using the phase inversion method, 1 gram of
polysulfone was added to 5,469 ml of NMP and
stirred for 3 hours. Then 0,0333 gram of GO/SiO;
composite was added to obtain a 0.5wt% solution and
sonicated for 30 minutes to shorten the dissolution
process. No air bubbles were formed in it. Then the
solution was formed on a glass plate and soaked in
distilled water for 24 hours. Then it was dried for 24
hours at room temperature, which finally produced a
GO/SiO,-Psf membrane (29).

2.3. Characterizations
2.3.1. Characterization of GO/Si0z and GO/SiO:-
Psf Membrane

Phase and crystal structure analysis of
nanoparticles (GO, Si02) and GO/SiO2
nanocomposites used X-Ray  Diffraction
(PANalytical X'Pert Pro) plus Expert High Score
Plus software; using monochromatic radiation
CuKa (40kV/40 mA) taken at an angle of
5°<26_<90° at a rate of 0.02°/min at room
temperature. Functional group analysis using
infrared wave absorption test using FTIR
(Shimadzu Brand, Type: IR-Prestige 21). Lattice
vibration analysis in Graphene phase using
Ramman spectroscopy (wavelength range 4000-
200 cm1), and to observe the morphology of
GO/Si02  nanocomposite and  GO/SiO2-Psf
membrane using the Scanning electron
microscope/SEM test (FEI Brand, Type: Inspect-
S50). UV-Visible test to analyze the adsorption of
methylene blue dye in water. And the analysis of
the hydrophilicity of the membrane surface with
the CAA 2320 Contact Angle instrument.

2.3.4. Filtration of NaCl Solution

GO/SiO,-Psf was placed in a funnel Buchner
flask and a hose was connected to a vacuum pump
(Rocker 300) (Fig. 1). The vacuum pump was turned
on, then the membrane was dripped with 10 ml of
NaCl solution (as sea-water synthetic) at a pressure of
650 mmHg for all variations of the GO/SiO,-Psf
membrane. The membrane that has been passed
through the NaCl solution is then weighed.

2.3.5. Filtration of Methylene Blue in Aqueous

The 20 ppm methylene blue solution was
passed through a 12,25 cm? GO-SiO2/PSF membrane
placed in a Buchner flask funnel and connected to a
vacuum pump (Rocker 300) using a tube (Fig.1). The
vacuum pump was turned on, then the membrane was
dripped with 10 ml of methylene blue solution at a
pressure of 650 mmHg for all variations of the GO-
SiO,/PSF membrane. The results of the filtered
methylene blue solution will be subjected to a UV-
Visible test to determine the absorbance (30). The
results of the filtered methylene blue solution will be
tested by UV-Vis (Shimadzu 1800) with a
wavelength of 200-600 nm, to determine the
absorption.

Methylene blue (C16H18N3SCI) is one of the
most commonly used dyes for dyeing wool, cotton
and silk. Since sewage or water containing dyes can
cause serious environmental problems and the
availability of healthy water for consumption, it is
necessary to treat these wastes before being
discharged into the environment (31).

2.3.6. Salt-Rejection Test
A salt-rejection test was carried out to determine
the efficiency of the membrane in filtering NaCl



solution. Salt-rejection (SR) can be obtained by the
following formula (11):

Cf -C
Salt — rejection = o P 100 (1)

Where, Cf is the mean salt concentration in feed
stream, and Cp is the salt concentration in the
permeate.

2.3.5. Flow-Flux Test

The membrane flux test was carried out to
measure the optimization parameters of the
membrane. The flow flux can be obtained by the
formula (11):

\Y

J=—
At

(2)

Place the membrane into the
Buchner funnel

a8

QS Filter the NuCl dan
Mecthylene Bluc solution
Filtered solution

Figure 1. Filtration test with GO/SiO,-Psf

3. Result And Discussion
3.1. Pattern Diffraction of GO and Composite
Diffraction analysis of Graphene (GO)
material and GO/SiO, composite is presented in Fig.
2. The peak at 20=10.21° is associated with the (002)
GO plane in the GO/SiO, composite, but this peak
does not appear. It is associated with weak diffraction,
and the presence of graphite oxide heaps, in which
SiO; is coated with a GO sheet, causes GO diffraction
to appear (23)! The similarity of the diffraction peaks
for GO and the GO/SiO, composite is indicated at
positions 26 =21.8° and 26.2°. And the presence of a
widened peak at 26 = 23.31° indicates that silica is
amorphous|(30).

Intensity (a.u)

10.15.20.25.30.35.40.45.50.55
20 (deg.)
Figure 2. Pattern Diffraction of SiO2(a), Graphite(b),
GO (c) and GO/SiO-Psf Composite (d-g)

3.2. Functional Group of GO and Composite

The functional group analysis of the
characteristics for GO materials and GO/SiO;
composites is presented in Fig. 3. The results of the
analysis showed the presence of silanol groups and
Si-O silicates and C-H carbon groups. These
functional groups are a representation of the
composite material (13,33). The GO/SiO, composite
exhibits a new peak at 1100 cm?, characteristic of the
Si-O-Si asymmetric vibration. The presence of this
absorption proves that silica is on the GO surface
(23). In addition, the peak at 1600-1735 cm? is
associated with the C=0 vibration of the carboxylate
group. The decreasing C=0 absorption peak in the
composite was due to the interaction of C=0 with GO
to become Si-O-C indicating a bonding interaction
between GO and Silica.

ﬁ
T

j
7933,

)
J

Si-0-Si

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm’l)

Figure 3. Functional group of GO and GO/SiO,-Psf:

(a) Grafite, (b) GO, dan (c-f) composite.
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3.3. Morphology of GO, GO/SiO: Composite and
GO/SiOz-Psf Membrane

The morphology of GO/SiO, composite material
and GO/SiO,-Psf membrane with NPM solvent
during the membrane preparation process is presented
in Fig. 4. The shape of the particles varies, it appears
that the particles have several (small) pores, and
between the stacks of particle arrangement there are
quite large voids. Particle sizes also vary, small and
large, this affects the formation of voids which will
later play a role in forming the density of the
membrane material.

Fi

Figure 5. Morphology of GO/SiO,-Psf
membrane: (a-b) surface pores, (c-d) cross-
sectional view.

The morphology of the GO/SiO2-Psf membrane
material prepared by the phase inversion method is
presented in Fig. 5. It can be seen on the surface of

the membrane and its cross section. On the surface of
the membrane, pores of varying sizes were seen, and
these were identified as water inlet channels through
the membrane through the cavities formed on the
inside of the membrane. The size and shape of the
cavity is influenced by the type of membrane polymer
(polysulfon) and the composite material embedded in
the membrane.

3.4. Hydrophobicity of GO/SiOz-Psf Membrane

The contact angle of GO/SiO,-Psf polysulfone
membrane with NMP solvent is presented as follows,
for the weight percent of GO/SiO, composite (for
SiO,, Wt% ~ 0.5%) with the percentage of composite
material varied: 0.6; 0.8; 1.0; and 1.2%. Fig.5 and
Table 1 show that the angle is smaller than 90°
(hydrophobic): each membrane sample shows an
average contact angle of: 75.41°; 70.16°; 76.78°; and
74.25°. On the other hand, for the SiO2-Psf
membrane contact angle (without GO) the contact
angle is 71.13°, approximately the same as the
GO/SiO,-Psf membrane. This indicates that the
membrane is hydrophilic or slightly water-loving
(contact angle (6) (0°<6<90°) (33,34).

3.5. Anti-Bacterial of GO/SiO, Composite

The disc diffusion test was carried out to
determine the inhibitory power of the compound on
bacterial growth. Bacterial suspension (D600 nm
0.1) was rubbed on the surface of Muller Hinton Agar
(MHA) media on a Petri dish using a sterile cotton
swab. A paper disk containing 20 1 of the test
compound was placed on the surface of the MHA.
Incubation was carried out for 48 hours at 30°C. The
clear zone formed around the disc was expressed as
the inhibitory power of the compound against
bacterial growth. Anti-bacterial test in this study,
using 2 types of bacteria, namely Escherichia coli and
Staphylococcus aureus.

The results of the antimicrobial test of
GO/SiO; against Escherichia coli and Staphylococcus
aureus with the disc diffusion method (Table 2)
showed that the inhibitory power of E. Coli was
stronger than S. Aureus; The increase in GO-SiO2
(ppm) concentration  further strengthens the
antibacterial activity of the E. Coli strain, compared
to S. aureus which tends to remain stable. Thus, the
membrane material will be confirmed to have
resistance to bacterial growth (E. Coli and S. Aureus)
(84)] Bacterial-mediated infections can cause various
acute or chronic diseases and antibiotic resistance in
pathogenic bacteria has become a serious health
problem. Graphene-based materials have been very
well studied due to their outstanding bactericidal
activity on various bacteria. The use of GO material
in membrane preparation will provide biosafety
advantages Likewise, the presence of SiO;
nanoparticles, also has excellent properties as an anti-

bacterial material (36,37)!




Figure 6. Photograph of antimicrobial of GO/SiO:
(a-b) E. Coli and (c-d) S. Aureus

3.6. Salt-Rejection of NaCl Solution
Based on Table 1, the results of the salt-rejection

calculation, the Cp value is obtained from the total
solid NaCl dissolved in freshwater with a salt density
of 2,16 g/ml, and the Cf value is obtained from the
initial concentration in the NaCl solution, which is
27,79 g/ml. The GO/SiO,-Psf membrane with a
TEOS (0,8 ml) showed the most effective results for
seawater desalination because the GO/SiO,-Psf
membrane was able to filter out NaCl compounds in
solution by 67,22%. The high salt-rejection value is
caused by the distribution of silica grains on the
membrane being very tight so that the pores are
getting smaller and able to filter NaCl compounds
efficiently - The GO/SiO,-Psf membrane with
TEOS concentrations of 1,0 ml and 1,2 ml decreased
because the ratio of matrix and filler was not balance.

TABLE 1. Contact Angle of GO/SiO-Psf(0.5%) Membrane with DMAC and NMP Solvents

PSF-0,5% Contact Angle (degrees) Contact Angle (degrees)
GO/SiO2 with DMAC solvent with NMP solvent
Right Left Average Right Left Average

0,60 ml TEOS 76,13 81,02 78,58 74,39 76,44 75,41
0,80 ml TEOS 61,78 60,36 61,07 69,71 70,61 70,16
1,00 ml TEOS 82,71 82,53 82,62 72,65 80,90 76,78
1,20 ml TEOS 70,24 70,86 70,55 74,79 73,72 74,25
0,5% SiO2-PSF 69,91 72,44 71,18 70,43 71,84 71,13

TABLE 2. Antimicrobial of GO-SiO, compounds against E. coli and S. Aureus

Bacterial test Inhibition zone diameter (cm) at various concentrations
repeats of GO-SiO2 compounds
100 ppm 200 ppm 300 ppm 400 ppm 500 ppm

Escherichia coli 1 0,83 0,94 1,01 1,08 0,97
2 0,79 0,83 0,91 0,95 1,04

3 0,93 0,94 0,94 0,98 1,01

Staphylococcus 1 0,55 0,55 0,55 0,55 0,55
aureus 2 0,55 0,55 0,55 0,55 0,55

3 0,55 0,55 0,55 0,55 0,55

the GO-SiO./Psf membrane obtained an

3.6. Filtration of Methylene Blue in Aqueous

By using 20 ppm methylene blue was then
carried out a filtration test. The methylene blue
solution was filtered using a GO/SiO,-Psf
membrane with various concentrations of TEOS
0,6; 0,8; 1,0; and 1,2 ml. The results of the
methylene blue solution filtration test (Fig.2)
show that the methylene blue solution, which has
been filtered using a GO/SiO»-Psf membrane,
appears to change in color before and after
filtering.

The UV-Vis test was carried out using a
wavelength of 200 to 600 nm, and the absorption
value of each sample was obtained (Fig.3). The
methylene blue solution without passing through

absorbance value of 1,206 at a wavelength of 291
nm. Figure 7 shows the results of the UV-Vis test
showing the relationship between wavelength and
absorbance. The UV-Vis absorption spectrum of
GO/SiO, nanocomposite has a strong absorption
in the range of 200-650 nm. In the composite for
TEOS (0.6 ml), GO showed a characteristic peak
at 325 nm, for TEOS (0.8 ml) it decreased starting
at the peak of 280 nm. For TEOS (1.0 and 1.2 ml)
indicates a stable position and continues to
increase. The maximum absorption peak
corresponds to the w-n* transition bond in the C=C
aromatic structure and the n—* transition in the
carbonyl group (C=0). The characteristic peak



IJE TRANSACTIONS A: Basics Vol. 35, No. 4, (April 2022) 184-191

shifts to 270 nm for GO due to the presence of
reduced graphene (22,40)!

—MB 30 ppm
—G0DISi020.6
— GO 5102 0.8
—G0I8i02 1.0/
| ——00rs10z1.2

Absorbance (a.u)

1
450 475 500 525 550 575 €00 625 650 B75 700
Wavelenght (nm)

Figure 7. Dye absorption in water (Methylene
Blue) by GO/SiO, nanocomposite.

The Methylene blue, which was passed
through the GO/SiO,-Psf membrane in one time
filtering (Fig. 8a) decreased the absorption value,
where the most optimum absorbance occurred in
the membrane with a TEOS concentration of 0,8
ml, which was 0,396 at a wavelength of 291 nm.
This is to the literature conducted by Nurul et al,
2019 where the absorbance of methylene blue can
be carried out using silica (L7){ This also supports
the statement of Cahyo et al, 2018 that the higher
the silica content used, the larger the surface area,
so the more effective it is to absorb methylene blue
(20)] However, on membranes with TEOS
concentrations of 1,0 ml and 1,2 ml, there was an
increase in the absorbance value due to the
unbalanced and uneven matrix and filler content
during the manufacture of the membrane, which
caused the membrane to be less than optimal in the
filtering process.

Based on Fig. 8b, the methylene blue
solution that has been passed through the
GO/SiO,-Psf membrane 5 times has been filtered.
There is a significant decrease in the absorbance
value compared to the 1 filter (Table 3). The more
the filtering process uses the GO/SiO,-Psf
membrane, the lower the methylene blue content
in the solution. By the statement of Neldawati,
2013 the content of methylene blue in the solution
that has been passed through the membrane
decreases when the filtration test is completed
(21).
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Figure 9. UV-Vis test of Methylene Blue solution
5 times filtering

Visually (Fig. 10) there is a significant
color change, and it is relatively clearer when the
color change is by the results of the UV-Vis test
that has been carried out. The GO/SiO2-Psf
membrane with TEOS 0,8 ml at 5 times of
filtration obtained a negative absorbance value
(Table 3), which indicates that the sample does not
contain methylene blue analyte or that the
methylene blue content contained in the solution
is below the detection limit of the UV
spectrometer method. So, it can be said that the
addition of SiO; to the membrane can maximize
the membrane as an absorbent (22), and the GO-
SiO2/PSF membrane with 0,8 ml TEOS is more
effective in filtering methylene blue solutions.



Figure 10. Metylene Blue solution filtration test
results (a) 1 filter, (b) 5 filters.

Table 3. Comparison of absorbance values of
Methylene Blue solution one-times filtering and
fives-times filtering

Absorbance (a.u)
Wt% Membrane 1 times 5 times
filtering filtering
GO/SiO; (0,6) 0,599 0,015
GO/SiO; (0,8) 0,396 -0,037
GOI/SiO; (1,0) 0,428 0,012
GOI/SiO; (1,2) 0,409 0,011

3.7. Flow Flux of NaCl Solution

Based on the experimental results, the data
obtained are as in table 3. The magnitude of the
flow flux value is affected for different GO-
SiO2/PSF membrane samples, the greater the
composition of SiO? in the flow-flux membrane
the greater. The value of the flow flux for NaCl
solution and methylene blue water can be seen in
Table 3. A low flux value indicates a low
membrane permeability, so it can be said that the
membrane is more optimal in filtering the
solution, the resulting water quality is cleaner
(from impurities), especially salt molecules. and
methylene-blue molecules (natural dyes).

The filtering time of the solution greatly
affects the value of the resulting water flux, where
the longer the filtering time, the GO/SiO,-Psf
membrane has a tight pore size. The GO/SiO,-Psf
membrane with a TEOS concentration of 0,8 ml
had the lowest flux value, namely 47,46 L.m2.h?
in NaCl solution and 51,55 L.m2.h! in methylene
blue ocean. The decrease in flux in the membrane
can be caused by the closure of several pores in the
membrane. The membrane flux will decrease as
the filtering time increases (@7519)741). The
GO/SiO,-Psf  membrane with a TEOS
concentration of 0,8 ml has a tight pore size so that
it is more efficient for filtering NaCl and
methylene blue solutions.

Table 4. The results of the calculation of flow flux

Time (Hour) Flux (L.m2.h?)
Wit% Membrane  NaCl (sea-water Metylene NaCl (sea-water Metylene
synthetic) Blue synthetic) Blue
GO/SiO2 (0,6) 0,13 0,12 79,37 81,30
GO/SiO2 (0,8) 0,17 0,16 47,46 51,55
GO/SiO2 (1,0) 0,15 0,14 53,71 59,88
GO/SiO2 (1,2) 0,16 0,15 48,88 54,05

3.8. Flow Flux of NaCl Solution and Methylene-
Blue in Water

Fig. 11(a) is the result of one filter where
the methylene blue solution is still concentrated.
Fig. 11(b) is the result of 5 times filtering, where
the methylene blue solution is relatively clearer.
Visually, it can be seen that the GO/SiO,-Psf
membrane can reduce or absorb methylene blue
gradually. Based on the results of the filtration test
on the methylene blue solution 5 times filtering,
the GO/SiO,-Psf membrane with a TEOS
concentration of 0,8 ml looked the brightest, it was
by the flux test that had been carried out.

The filtering time of the solution greatly
affects the value of the resulting water flux, where
the longer the filtering time, the GO/SiO»-Psf
membrane has a tight pore size. The GO/SiO,-Psf

(0.8 ml) membrane had the lowest flux value,
namely 47,46 L.m2.h"t in NaCl solution and 51,55
L.m-2.h-1 in methylene blue ocean. The decrease
in flux in the membrane can be caused by the
closure of several pores in the membrane. The
membrane flux will decrease as the filtering time
increases (@2)! The GOJ/SiO-Psf (0.8 ml)
membrane has a tight pore size so that it is more
efficient for filtering NaCl and methylene blue
solutions.

In addition, the graphene structure that
forms thin sheets of net (the order of nanometers)
is very effective for filtering water molecules. GO
modified with SiO2 in the membrane system is
believed to be more effective in the filtration and
absorption of pollutants in water (Fig. 11).
Graphene oxide (GO) has unique characteristics
that make it an excellent material for water
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purification applications. Chemically stable in
water, provides high water permeability through
its 2D nanochannels, and has excellent antifouling
and antibacterial properties (#3)l

»
? Yé 0
g Y i )
Water flow ® @ VI ND 9
[ S A A & ® - 1-layer

V¥ W x
< Graphene

()

lons or Molecules
W
30

*—90—_0—00—0 )

d Graphene: Multi-layer

(b)

after

Before

membrane
GO/Si02-PSf

i
E0-gi~~
OEt A o
sodiztin, I8 @@
OH "Our, ©
H OH

Figure 11. Filtration model of GO/SiO,-Psf
membrane: (a) water-flow in layer graphene, (b)
fresh-water after filtrations.

Graphene has unique physicochemical
properties, extraordinarily high surface area,
mechanical resistance, atomic thickness, nano-
sized pores, and polar reactivity of polar and non-
polar water, thus providing high selectivity and
water permeability and thus providing excellent
water purification efficiency. Graphene material
has great potential as a membrane for water
desalination, GO for good adsorption, and

References

1. Chairunnisa N, Arif C, Perdinan, Wibowo A.
“Water balance analysis at java-bali island for
anticipating water crisis. J Tek Sipil Dan
Lingkung., Vol. 6, No. 2, (2021), 61-80.

2. Gusdini N, Purwanto MJJ, Murtilaksono K, Kholil
K., “Scarcity of clean water: study of the clean
water supply service system in bekasi regency”, J
Sumber Daya Air., Vol. 12, No. 21, (2016), 175-
86.

3. Taufik M, Khairina E, Hidayat R, Kalalinggi R,
Fadhlurrohman MI., “Study of government’s
strategy on clean water availability in Indonesia”,

photocatalysis of water pollutants. On the other
hand, SiO2 nanoparticles have good adsorption
properties due to their high surface area and

porosity, so they can be promoted as membrane
fillers H

Synthetic polymers, such as polysulfone,
have been successfully used in water and
wastewater treatment due to their unique chemical
and physical characteristics, such as high chemical
resistance, mechanical properties, and thermal
stability. These polymeric materials tend to be
hydrophobic by default and are prone to organic
fouling, which requires doping with hydrophilic
monomers/materials to induce hydrophilic
properties to overcome fouling problems. Low-
energy plasma and irradiation are used, and
hydrophilic organic and inorganic materials can be
mixed in the polymer by irradiation

4. Conclusions

The GO/SiO; composite material can resist the
growth of bacteria (E. Coli and S. Aureus).
GO/SiO2-Psf membrane can be applied well to
absorb color molecules in water (methylene blue)
and has the most effective salt rejection value for
salt solution (desalination process). Membranes
with SiO, composition (~0.8 ml) showed natural
dyes absorbing and desalination performance
(salt-rejection up to 67.22%). The high salt
rejection value and low absorbance value are
caused by the distribution of silica grains on the
membrane so that the pores are getting smaller and
can filter NaCl and methylene blue molecules very
well.

Acknowledgments

The authors would like to thank the State
University of Surabaya, especially the Department
of Physics for allowing the use of laboratory
facilities and LPPM-UNESA which provided
grants through competitive research, with the
contract number: B/36699/UN38.3/LK.04.00/
2022.

J Kesehat Lingkung Indonesia., VVol. 21, No. 1,
(2022), 111-121.

4. Shehu B, Nazim F., “Clean water and sanitation
for all: study on SDGs 6.1 and 6.2 targets with
state policies and interventions in nigeria. in: the
9th International Conference on Sustainable
Development “, MDPI, (2022), 71.

5. van Vliet MTH, Jones ER, Florke M, Franssen
WHP, Hanasaki N, Wada Y., “Global water
scarcity including surface water quality and
expansions of clean water technologies”, Environ
Res Lett., Vol.16, No.2, (2021), 024020.

6. Slama HB, Chenari Bouket A, Pourhassan Z,
Alenezi FN, Silini A, Cherif-Silini H., “Diversity
of synthetic dyes from textile industries, discharge



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

impacts and treatment methods”, Appl Sci.,
Vol.11, No.14, (2021), 6255.

Tehubijuluw H, Subagyo R, Yulita MF, Nugraha
RE, Kusumawati Y, Bahruji H., “Utilization of red
mud waste into mesoporous ZSM-5 for methylene
blue adsorption-desorption studies”, Environ Sci
Pollut Res., Vol. 28, No. 28, (2021), 37354-70.
Gupta VK, Gupta B, Rastogi A, Agarwal S, Nayak
A., “A comparative investigation on adsorption
performances of mesoporous activated carbon
prepared from waste rubber tire and activated
carbon for a hazardous azo dye-Acid Blue 113, J
Hazard Mater., VVol. 186, No. 1, (2011), 891-901.
Homaeigohar S, Elbahri M., “Graphene
membranes for water desalination”. NPG Asia
Mater., VVol. 9, No. 8, (2017), e427—-e427.

Fa Z., “Porous graphene for sea water desalination
considering the effects of fluorine/nitrogen
modification: a molecular dynamic study”, 10P
Conf. Ser.: Materials Science and Engineering,
Vol. 926, No. 1, (2020), 012011.

Aende A, Gardy J, Hassanpour A., “Seawater
desalination: a review of forward osmosis
technique, its challenges, and future prospects”,
Processes., VVol. 8, No. 8, (2020):901.

Ahmad HH, Alahmad W., “Modeling the removal
of methylene blue dye using a graphene
oxide/TiO2/SiOz nanocomposite under sunlight
irradiation by intelligent system”, Open
Chemical., Vol.19, No.1, (2021):157-73.
Munasir, Kusumawati RP., “Synthesis and
characterization of Fes04@rGO composite with
Wet-Mixing (ex-situ) Process”, J Phys Conf Ser.,
Vol.1171, (2019), 012048.

Stankovich S, Dikin DA, Piner RD, Kohlhaas KA,
Kleinhammes A, Jia Y., “Synthesis of graphene-
based nanosheets via chemical reduction of
exfoliated graphite oxide”, Carbon., Vol. 45,
No.7, (2007), 1558-65.

Mbayachi VB, Ndayiragije E, Sammani T, Taj S,
Mbuta ER, khan A ullah., “Graphene synthesis,
characterization and its applications: A review”,
Results Chem. Vol. 3, (2021), 100163.

Kigozi M, Koech RK, Kingsley O, Ojeaga I,
Tebandeke E, Kasozi GN., “Synthesis and
characterization of graphene oxide from locally
mined graphite flakes and its supercapacitor
applications”, Results Mater., Vol. 7, (2020),
100113.

Junaidi NFD, Othman NH, Fuzil NS, Mat Shayuti
MS, Alias NH, Shahruddin MZ., “Recent
development of graphene oxide-based membranes
for oil-water separation: A review”, Sep. Purif
Technol., Vol. 258, (2021), 118000.

Akhter F, Rao AA, Abbasi MN, Wahocho SA,
Mallah  MA, Anees-ur-Rehman H., “A
Comprehensive review of synthesis, applications
and future prospects for silica nanoparticles
(SNPs)”, Silicon, Vol.14, (2022), 8295-8310.
SunJ, Bi H, SuS, Jia H, Xie X, Sun L., “One-step
preparation of GO/SiO2 membrane for highly
efficient separation of oil-in-water emulsion”,
Journal of Membrance Science, VVol. 553, (2018),
131-138.

Ou X, Yang X, Zheng J, Liu M. “Free-standing
graphene oxide—chitin nanocrystal composite

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

membrane for dye adsorption and oil/water
separation”, ACS Sustain Chem Eng., VVol.7, No.
15, (2019), 13379-90.

Naseeb N, Mohammed A, Laoui T, Khan Z., “A
novel PAN-GO-SiO2 hybrid membrane for
separating oil and water from emulsified mixture”,
Materials., Vol. 12, No. 2, (2019), 212.

Du Y chen, Huang L jun, Wang Y xin, Yang K,
Zhang Z jie, Wang Y., “Preparation of graphene
oxide/silica hybrid composite membranes and
performance studies in water treatment”, J. Mater
Sci., Vol. 55, No. 25, (2020), 11188-202.

Wu H, Tang B, Wu P., “Development of novel
Si02-GO nanohybrid/polysulfone membrane with
enhanced performance”, Journal of Membrance
Science, Vol. 451, (2014), 94-102.

Zhu Z, Jiang J, Wang X, Huo X, Xu Y, Li Q,.,
“Improving the hydrophilic and antifouling
properties of polyvinylidene fluoride membrane
by incorporation of novel nanohybrid GO@SiO2
particles”, Chemical Engineering Journal, Vol.
314, (2017), 266-76.

Kusworo TD, Kumoro andri C, Aryanti N, Utomo
DP, Hasbullah H, Lingga FF., “Simultaneous
photocatalytic and membrane filtration using
graphene oxide (GO)/SiOz2 composite for
enhanced removal of organic pollutant and
ammonia from natural rubber-laden wastewater”,
SSRN Electron Journal, (2022).

Sun J, Bi H, Su S, JiaH, Xie X, Sun L., “One-step
preparation of GO/SiO; membrane for highly
efficient separation of oil-in-water emulsion”,
Journal of Membrance Science., Vol. 553,
(2018), 131-138.

Munasir, Taufig A, Ambarwati Teraningtyas,
Diah Hari Kusumawati, Zainul Arifin Imam
Supardi., “Nanosized Fes04/SiO2 core-shells
fabricated from natural sands, magnetic properties,
and their application for dye adsorption”, Eng
Appl Sci Res., Vol. 49, No. 3, (2022), 340-352.
Aher A, Cai Y, Majumder M, Bhattacharyya D.,
“Synthesis of graphene oxide membranes and their
behavior in water and isopropanol”, Carbon., Vol.
116, (2017), 145-53.

F Gholami, S. Zinadini, AA. Zinatizadeh, E.
Noori, E. Rafiee., “Preparation  and
characterization of an antifouling polyethersulfone
nanofiltration membrane blended with graphene
Oxide/Ag nanoparticles”, International Journal
of Engineering, Vol. 30, No. 10, (2017), 1425-33.
Nasir M, Kusumawati RP, Kusumawati DH,
Taufig A, Darminto D, “Characterization of
Fe304/rGO composites from natural sources:
application for dyes color degradation in aqueous
solution”, International Journal of Engineering,
Vol. 33, No.1, (2020), 18-27.

N. S. Tabrizi, M. Yavari.,, “adsorption of
methylene blue from aqueous solutions by silk
cocoon”, International Journal of Engineering,
Vol. 29, No. 9, (2016), 1191-1197.

N. Munasir, Triwikantoro, M. Zainur, R. BaRler,
Darminto., “Corrosion polarization behavior of
Al-SiO2 Composites in 1M and related
microstructural analysis”, International Journal
of Engineering, Vol. 32, No.7, (2019), 982-990.



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

IJE TRANSACTIONS A: Basics Vol. 35, No. 4, (April 2022) 184-191

Jal PK, Sudarshan M, Saha A, Patel S, Mishra BK.,
“Synthesis and characterization of nanosilica
prepared by precipitation method”, Colloids and
Surface A: Physicochemical Engineering
Aspect., Vol. 240, No. 3, (2004), 173-178.

Xu B, Zhang Q., “Preparation and properties of
hydrophobically modified nano-SiO2  with
Hexadecyltrimethoxysilane”, ACS Omega. Vol. 6,
No.14, (2021), 9764-9770.

Wu H, Tang B, Wu P., “Development of novel
Si02-GO  nanohybrid/polysulfone  membrane
with  enhanced performance”. Journal of
Membrance Science, Vol. 451, (2014), 94-102.

Khaleel IH, Alkhafaji AA, Miran HA, Jaf ZN.,
“Synthesis, characterization, photoluminescence,
and antibacterial activities of silica-graphene
oxide composites”, Canadian Journal of Physics,
Vol. 99, No. 12, (2021), 1105-1113.

Kumar P, Huo P, Zhang R, Liu B., “Antibacterial
properties of graphene-based nanomaterials”,
Nanomaterials., Vol. 9, No.5, (2019), 737.
Fonseca S, Cayer MP, Ahmmed KMT, Khadem-
Mohtaram N, Charette SJ, Brouard D.,
“Characterization of the antibacterial activity of an
SiO2 nanoparticular coating to prevent bacterial
contamination in blood products”, Antibiotics.,
Vol. 11, No. 1, (2022), 107.

Talebian N, Zare E., “Structure and antibacterial
property of nano-SiO2 supported oxide ceramic”,
Ceramic International, Vol. 40, No. 1, (2014),
281-287.

Zhang T, Xue Q, Zhang S, Dong M. Theoretical
approaches to graphene and graphene-based
materials. Nano Today. 2012 Jun;7(3):180-200.
Li X, Zhu B, zZhu J., “Graphene oxide-based
materials for desalination”, Carbon., Vol. 146,
(2019), 320-328.

Kadhim RJ, Al-Ani FH, Al-shaeli M, Alsalhy QF,
Figoli A., “Removal of dyes using graphene oxide
(GO) mixed matrix membranes”, Membranes.,
Vol. 10, No. 12, (2020), 366.
Alnoor O, Laoui T, Ibrahim A, Kafiah F, Nadhreen
G, Akhtar S., “Graphene oxide-based membranes
for water purification applications: effect of
plasma treatment on the adhesion and stability of
the synthesized membranes”, Membranes., Vol.
10, No. 11, (2020), 292.

Karimi Pasandideh E, Kakavandi B, Nasseri S,
Mahvi AH, Nabizadeh R, Esrafili A., “Silica-
coated magnetite nanoparticles core-shell spheres
(FesO4@SiO2) for natural organic matter
removal”, Journal of Environ Health Sci Eng.,
Vol.14, No.1, (2016), 21.
Huang L, Zhu P, Li G, (Daniel) Lu D, Sun R, Wong
C., “Core-shell SiO2@RGO hybrids for epoxy
composites with low percolation threshold and
enhanced thermo-mechanical properties”, J Mater
Chem A., Vol. 2, No. 43, (2014), 18246-55.
Yang Y, Zhang M, Song H, Yu C., “Silica-Based
Nanoparticles for Biomedical Applications: From
Nanocarriers to Biomodulators”, Acc Chem Res.,
Vol. 53, No. 8, (2020), 1545-56.



Manuscript Needs Major Revision (#IJE-2212-6458 (R1))

. Graphene/SiO2-Psf Membrane for Water-Filtration: Seawater (NaCl) and Dyes
Methylene Blue (MB)- Manuscript ID: I1JE-2212-6458

No

Editor IJE Comments

Responses
(for author)

Please cite IJE's recent published papers which
are related to your research area

(1) IJE TRANSACTIONS A: Basics Vol. 33,
No. 1, (January 2020) 18-27:
Characterization of Fe304/rGO
Composites from Natural Sources:
Application for Dyes Color
Degradation in Aqueous Solution

(2) IJE TRANSACTIONS A: Basics Vol. 35,
No. 05, (July 2022) 1300-1306:
Synthesis of Silica Nanoparticles from
Silica Sand via Vibration Assisted
Alkaline Solution Method

(3) IJE TRANSACTIONS A: Basics Vol. 32,
No. 7, (July 2019) 982-990: Corrosion
Polarization Behavior of Al-Si02
Composites in 1M and Related
Microstructural Analysis

(4) 1JE TRANSACTIONS A: Basics Vol. 30,
No. 10, (October 2017) 1425-1433:
Preparation and Characterization of
an Antifouling Polyethersulfone
Nanofiltration Membrane Blended
with Graphene Oxide/Ag
Nanoparticles

(5) IJE TRANSACTIONS C: Aspects Vol. 29,
No. 9, (September 2016) 1191-1197:
Adsorption of Methylene Blue from
Aqueous Solutions by Silk Cocoon

and also we wish you would recommend IJE’s
recent published papers to your colleagues for
their future publications in any international
journals

I will recommend to my colleagues to use
IJE's journal as an alternative source of
reference in their international
publications.

This sort of action would enhance IJE's ranking for
high interactions in near future.

| agree with this action




_ major revision

No

Referee’s Comments

Responses
(for author)

The manuscript submitted deals with membrane

synthesis and application for wastewater

treatments. Authors should revise the manuscript
before a concrete judgement could be suggested
on the publish-ability of the work submitted to

IJE.

Okay, thank you. we will do soon

What is the novelty of the work? explain it in the

last paragraph of the Introduction section

Novelty: check of manuscript

- penelitian sebelumnya membrane
grafen dapat diaplikasi sebagai
mebrane desalinasi air laut

- Panda penelitian sebelumnya partikel
SiO02 dapat diaplikasikan untuk absorbsi
zat warna dalam air (seperti methylene
blue), selain itu nanopartikel SiO2 juga
bersifat antibakteri dan hydrophilicity.

- Pada penelitian ini komposit
Graphene/SiO2 disubtitusi pada
polimer polysulfone membetuk
membrane. Yang tentu harapannya
akan meningkatkan performa
membrane dalam hal desalinasi dan
dyes adsorption, sebagai upaya untuk
mendapatkan kualitas air yang layak,
sehat untuk dikonsumsi.

What are PSF and TEOS. expand them in
Nomenclature or in abstract

PSF = Polysulfones are a family of high

performance thermoplastics.

These polymers are known for their

toughness and stability at high

temperatures

- TEOS= Tetraethyl orthosilicate
(Si(OH),), as a precursor to silicon
dioxide, silica nanoparticles.

Check in nomenclature

Why authors have used methylene blue?

Methylene blue (C16H18N3SCl) is one of
the most commonly used dye stuff for
dying wool, cotton and silk. Since dye-
containing effluents can cause serious
environmental problems, they need to be
treated before being discharged into the
surroundings. The treatment processes
for removal of dye from water and
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wastewater can be grouped into three
categories: biological (i.e. using
microorganisms like bacteria, yeasts,
algae and fungi), chemical (i.e.
coagulation, precipitation-flocculation,
oxidation, electrochemical processes),
and physical (i.e. membrane-filtration,
adsorption) [N. S. Tabrizi, 2016]

For the dye color in the water adsorption
test, several types of dyes (synthetic or
natural) can be used; however,
methylene blue is used to facilitate
identification by UV-Visible
spectroscopy.

What is the necessity of the antimicrobial test for
the membrane?

did authors tested this test when the membrane
was in actual work when a wastewater was used.
The results may be different for independent test
and in application.

The reason is that this membrane will be
used as a medium for the filtration of
contaminated water or desalination so
that that water can be consumed
healthily. So, one must also be ensured
that the membrane material
(Graphen/SiO2) has good anti-bacterial
properties.

Graphene/SiO2 material testing is carried
out before use (in actual work). It is
intended for initial performance tests
before technical application and after
wastewater filtration tests. Agree that
the results may vary for independent
testing and after application.




_ minor revision

No

Referee’s Comments

Responses
(for author)

From the title, it is not easy to understand
the content of the study very well. So it is
suggested to change it.

Previous title: Graphene/SiO2-Psf Membrane
for Water-Filtration: Sea-Water (NaCl) and
Dyes Methylene Blue (MB)

New title: Graphene Based Membrane
Modified Silica Nanoparticles (GO/SiO2-Psf)
for Seawater and Wastewater Treatment:
Salt Rejection and Dyes

In the abstract; concentrate on your findings
and achievements. If the authors are
discussing their study should make it specific
and clear and more detailed.

New abstract:

The clean water crisis in Indonesia is
increasing every year, and waste from the
textile industry sector can also add to this
problem. There are various water treatment
processes to deal with the clean water crisis,
one of which is the desalination process using
graphene oxide. With the addition of
hydrophilic nanoparticles, graphene oxide
(GO) membranes can increase roughness and
have good mechanical strength. SiO2
nanoparticles also have a high specific surface
to absorb water or are hydrophilic. This study
aims to determine the ability of the GO-
Si02/Psf membrane to reject salt (NaCl
solution) and filtering of methylene blue
solutions. Membrane prepared by variations
of TEOS 0.6; 0.8; 1.0; and 1.2 ml for GO/Si02
composite synthesis. The results showed that
the GO-Si02/PSF membrane could absorb
methylene blue solution. The most optimum
absorption value occurred at a TEOS
concentration of 0.8 ml and had the most
effective salt rejection value for NaCl solution
equal to 67.22%.

The used methods, investigated parameters,
characterization methods and techniques are
all common ones, and one can hardly see any
novelty in them. Can you mention the
novelty of this study and advantages over
other methods?

Check in manuscript, Material and Method:
Synthesis of Graphene, Silica Nanoparticles
(Si02), or GO/SiO2 composites, as well as
Graphene (GO) membranes are commonly
carried out by previous researchers. The
novelty is that GO/Si02 becomes the basis of
nanocomposite as a membrane filler
(polysulfone, which is thermoplastic),
resulting in a graphene-based membrane with




modification of silica nanoparticles.
Nanoparticles fill between GO sheets. The
basic idea is that filtered water passes
between the GO sheets, and SiO2 particles
which are inert, porous and anti-bacterial are
positioned between the GO sheets. Thus, in
addition to getting pure water (H20) with
very little impurities carried, it can also ensure
that it is clean from micro-organisms such as
bacteria and viruses. And the final product is
water that is ready, very suitable and healthy
for drinking water.

The Hlustrations [Xiugiang, 2019]:

Interfacial solar steam Filtration
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Notes:

1. The d-spacing of nanochannels (GO) is about
0.76 nm, which is larger than water molecules
(0.275 nm).

2. Theions (Li* (0.764 nm), Na* (0.716 nm), K*
(0.662 nm), Mg?* (0.856 nm), Ca?* (0.824 nm),
F (0. 704 nm), CI- (0.664 nm), Br~(0.660 nm))
can be separated from seawater through size
exclusion and electrostatic interactions, thus
achieving desalination GO film filtration

Page 2, column 2, line 3 correct the spelling

Page 2, column 2, line 3 correct the spelling of

of Graphene. Graphene.
Check on manuscript
Section 2-3-4 what does " Cf dan Cp berturut- | Section 2-3-4:

turut adalah konsentrasi" mean?

Cf is the mean salt concentration in feed
stream, and Cp is the salt concentration in the
permeate.

Section 2-3-4 define the parameters of the
equations.

Section 2-3-4:

Cf is the mean salt concentration in feed
stream, and Cp is the salt concentration in the
permeate.

Provide references for peaks appeared in
XRD patterns.

Reference: peak position (hkl) in XRD data,
Figure2:
Check on manuscript




8 The figures are not numbered correctly in the | Thanks, | corrected
text.

9 Page 8, column 2, the paragraph "there are 3 | Page 8, column 2, the paragraph "there are 3
derivatives ...." should be moved to the derivatives ...." should be moved to the
introduction part. introduction part—>Check in manuscript (in

introduction)

10 For how long can the membrane be used In this initial test, the filtration test with water

optimally?

NaCl and MB for a single-layer membrane
arrangement, yet to be in a spinning
membrane such as technical applications.
Single sheets have shown good functional
trends. So, with the technical application, it
will be much more effective. Thus, the
membrane can function appropriately for a
standard time.
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addition of hydrophilic nanoparticles, graphene oxide (GO) membranes can increase roughness
and have good mechanical strength. SiO2 nanoparticles also have a high specific surface to absorb
water or are hydrophilic. This study aims to determine the ability of the GO-SiO2/Psf membrane

to reject salt (NaCl solution) and filtering of methylene blue solutions. Membrane prepared by
variations of TEOS 0.6; 0.8; 1.0; and 1.2 ml for GO/SiO2 composite synthesis. The results showed
that the GO-SiO2/PSF membrane could absorb methylene blue solution. The most optimum
absorption value occurred at a TEOS concentration of 0.8 ml and had the most effective salt
rejection value for NaCl solution equal to 67.22%.
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TEOS Tetraethyl orthosilicate, Si(OH)4 Psf | Polysulfones, performance thermoplastics
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needs of clean water. The need for clean water in Java
from 1991 to 2020 was 79,41 billion m® and is
predicted to increase by 7,24 billion m® from 2021 to
2050, while the availability of clean water in Java is
in the range from 1991 to 2020 and 2021 to 2020. By
2050, it will decrease by 75,68 billion m3 (@)l

The scarcity of clean water is caused by
several factors, including the amount of water

1. Introduction

Indonesia is the largest archipelagic country in
the world with a sea area of 5,8 million km? and only
2,01 million km? of land area. By having an existing
sea area, Indonesia has great potential to be able to
utilize and treat sea water as an alternative to meet the

Please cite this article as: Munasir, SR Lutfiana, Evi Suebah, Nuhaa Faaizatunnisa, Ezza Suhada Sazali, Ahmad taufig, Graphene/SiO2-Psf
Membrane for Water Filtration: Sea-Water and Dyes Colour (MB), International Journal of Engineering (IJE), IJE TRANSACTIONS A: Basics Vol.
35, No. 4, (December 2022) 184-191
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demand that continues to increase and exceeds its
supply capacity (@), as well as the result of
irresponsible human activities (@)l The scarcity of
clean water also has an impact on the lower middle-
class community because they have to provide funds
to meet the needs of clean water. Global water
scarcity is driven by water quantity and water quality
issues, and measures expansion in clean water
technologies (i.e. desalination and reuse of treated
wastewater) “to reduce the number of people
suffering from water scarcity” as urgently needed by
the United Nations Sustainable Development Goal
(SDGs 6.0) (B
Meanwhile, the textile industry sector has
increased every year. The textile industry can produce
approximately 700 tons of dyes per year globally (6).
Methylene blue is one of the dyes used in the textile
industry as a basic ingredient in production.
Methylene blue is a heterocyclic aromatic compound
that is often used in the textile, silk, and wool
industries @) This can lead to the release of dye
waste that endangers the surrounding environment
and can damage aquatic organisms Based on data
from the World Resources Institute (WRI), Indonesia
is ranked 51st with a high-risk level of clean water
crisis (high 40-80% possibility). To deal with the
scarcity of clean water, there are various kinds of
water treatment processes, one of which is the
desalination process.
Desalination is a water purification technique
by separating the levels of substances from water
by reducing ions to the required level
according to human needs [@@)] The desalination
process can be carried out using graphene oxide.
Graphene oxide offers an unusually high surface area,
mechanical durability, atomic thickness, nano-sized
pores and reactivity to polar and non-polar water
pollutants. These characteristics provide high
selectivity and water permeability, and thus provide
excellent water purification efficiency. It also has the
ability to adsorb and photocatalyzed water pollutants,
S0 it has great potential for filtration materials, even
for seawater desalination|@ji
The addition of graphene oxide (GO) to the
composite can affect the magnetization value so that
it has super paramagnetic properties and can be used
to absorb methylene blue The GO
membranes contain groups such as epoxide, carboxyl,
and hydroxyl which can bind to water. Graphene
oxide membranes also have good mechanical
strength, so they are easy to fabricate and have the
otential to be produced on an industrial scale (142
However, pure GO membranes have a finely
stacked structure and have limited improvement in
membrane performance. Based on the Cassie-Wenzel
theory, there is an effective method to overcome the
weakness of GO membranes, namely the addition of
hydrophilic nanoparticles to increase surface
roughness

SiO, nanoparticles have properties that can
carry a large number of hydroxyl groups, and the
concentration of hydroxyl groups is directly
proportional to the specific surface area of the
amorphous silica. And also have a high specific
surface so that they can absorb water or are
hydrophilic, and on the surface of SiO2 there are
abundant siloxane groups (Si-O-Si) that can bridge
oxygen atoms ﬂ From this characteristic, there
are many advantages, such as the broad application of
biomedical and biotechnological applications,
agricultural applications, industrial applications,
environmental applications, and water purification. In
water purification, SN can reduce biological oxygen
demand, perform antimicrobial strength as a filter for
water-oil  mixture, and filter methylene red,
commonly used in the textile and paper industry, as
waste disposal from a textile factory.

There are three graphene derivatives: graphite,
GO, and rGO. Graphite is the primary material of
carbon which is amorphous and stacked and rich in
carbon and oxygen. GO is the result of graphite
oxidation which increases the amount of oxygen, and
some Van der Walls bonds have been released. So the
thickness of the sample has been reduced. Reduced
Graphene Oxide (rGO) is a graphene oxide in which
the carbon atoms of graphene undergo oxidation and
reduction. In the oxidation process, there are several
oxygen and hydrogen atoms bonded to carbon atoms,
the result of this oxidation process is called GO.
While in the reduction process, some hydrogen and
oxygen bonds are released from graphene oxide so
that a structure almost similar to graphene is obtained.

From various previous studies, silica
nanoparticles have shown great application potential
in some fields, such as chemistry, biomedicine,
biotechnology, agriculture, environmental
improvement, and wastewater purification. With
superior properties such as mesoporous structure,
high surface area, adjustable pore size/diameter,
morphology, biocompatibility, modifiability, anti-
bacterial, as an excellent encapsulating agent for
various bioactive molecules: proven safe for targeted
drug delivery, and polymer hybridization ability

In a study conducted by Jiawei Sun et al. using
a GO-SiO,; membrane as an oil-in-water separator, it
was found that the incorporation of SiO;
nanoparticles with GO can expand and increase water

permeability with oil rejection (>99%) for various
types of oil-in-water emulsions h The
GO/SiO, hybrid composite membrane has good
hydrophilicity and thermal properties, able to reject
high rhodamine B dye molecules (99%), high
permeation and water resistance, so it is very good to
be developed as a high-performance material for
water treatment @4)SiO,-GO/Psf hybrid membrane
presents the best overall properties, including water
permeation rate, protein rejection and antifouling
ability ([25)26)] The SiO.-GO nanohybrid has high
hydrophilicity and good dispersibility properties
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derived from silica nanoparticles which are densely
and uniformly coated on the GO surface and serve as
a space layer of GO ([@24)25)] The GO-SiO./Psf
composite under UV irradiation during filtration
greatly reduces the formation of fouling and produces
a high flux recovery ratio, and is effective for
filtration and remove organic pollutants

Previous studies on graphene membranes have
shown good performance as seawater desalination
membranes Furthermore, silica nanoparticles can
be applied as adsorption of dyes in water (such as
methylene blue); In addition, SiO, nanoparticles also
have good antibacterial and hydrophilic properties. In
this study, substituted graphene silica nanoparticles
and polysulfone polymers were fabricated into
membranes using the phase inversion method. This
study is expected to improve the performance of
membranes in desalination and adsorption of dyes to
obtain decent water quality, healthy for consumption.
GO/SiO-Psf membrane performance in salt rejection
(for desalination) and dye filtration in water (MB)
will be presented in this report.

2. Materials and Method
2.1. Materials

Some of the materials used include graphite
powder produced from coconut shell extract,
NaNOs(Merck, for analysis), KMnQO4 (Merck, for
analysis), H-0, H,0O2 (Merck, 30%), NH4sOH (Merck,
25%), distilled water, and TEOS which are all
obtained from Edu Lab, H,SO4 (Merck, 95-97%) was
obtained from Indofa Industry, HCI (Merck, 37%)
was obtained from Mallinckrodt, NMP solvent was
obtained from Sigma-Aldrich, PSF (Polysulfone) was
obtained from Sigma-Aldrich (average Mw ~35,000),
dan Methylene blue (M9140, Sigma-Aldrich).

2.2. Synthesis Method
2.2.1. Synthesis of Graphene (GO)

The hummer method was used, in which 5
grams of graphite powder, 2,5 grams of NaNOs, and
120 ml of H,SO. were placed in a 500 ml beaker with
an ice bath and stirred for 30 minutes to form a black
solution. Then 15 grams of KMnO, were added
slowly and stirred for 30 minutes at a controlled
temperature of 20°C to form a purple solution, and
then stirred again for 3 hours at room temperature to
form a brown solution. Then 150 ml of H,O was
added and the temperature was held at 95°C. The
mixture was stirred for 3 hours at a controlled
temperature of 95°C-100°C to form a dark yellow
solution (28). Then 50 ml of H,0O; (30%) was added
slowly, then washed with HCI (1M) and H2O until the
yellow color of the solution disappeared and the pH
of the solution became neutral, then sonicated for 1
hour and filtered to produce a black gel. Furthermore,
the black gel was dried at a temperature of 60°C for 6
hours and produced GO.

2.2.2. Synthesis of GO/SiO2 Composite

It was carried out by the TEOS hydrolysis
method, where 12,5 mg of GO was mixed with 150
ml of ethanol distilled water using a ratio of 1:5 and
then sonicated for 30 minutes. Then, ammonia was
added until the PH of the mixture was close to 9. Then
0.6 ml to 1.2 ml of TEOS concentration were added
to the solution and stirred for 30 minutes. Then it was
stirred at room temperature for 24 hours, centrifuged
and washed with ethanol, then dried for 12 hours at
60°C producing a GO/SiO, composite (27).

2.2.3. Fabrication of GO/SiO2-Psf Membrane

Using the phase inversion method, 1 gram of
polysulfone was added to 5,469 ml of NMP and
stirred for 3 hours. Then 0,0333 gram of GO/SiO;
composite was added to obtain a 0.5wt% solution and
sonicated for 30 minutes to shorten the dissolution
process. No air bubbles were formed in it. Then the
solution was formed on a glass plate and soaked in
distilled water for 24 hours. Then it was dried for 24
hours at room temperature, which finally produced a
GO/SiO,-Psf membrane (29).

2.3. Characterizations
2.3.1. Characterization of GO/SiO2 and GO/SiO--
Psf Membrane

Phase and crystal structure analysis of
nanoparticles (GO, SiOz) and GO/SiO2
nanocomposites used  X-Ray  Diffraction
(PANalytical X'Pert Pro) plus Expert High Score
Plus software; using monochromatic radiation
CuKa (40kV/40 mA) taken at an angle of
5°<20_<90° at a rate of 0.02°/min at room
temperature. Functional group analysis using
infrared wave absorption test using FTIR
(Shimadzu Brand, Type: IR-Prestige 21). Lattice
vibration analysis in Graphene phase using
Ramman spectroscopy (wavelength range 4000-
200 cm1), and to observe the morphology of
GO/Si0z  nanocomposite and  GO/SiOz-Psf
membrane using the Scanning electron
microscope/SEM test (FEI Brand, Type: Inspect-
S50). UV-Visible test to analyze the adsorption of
methylene blue dye in water. And the analysis of
the hydrophilicity of the membrane surface with
the CAA 2320 Contact Angle instrument.

2.3.4. Filtration of NaCl Solution

GO/SiO,-Psf was placed in a funnel Buchner
flask and a hose was connected to a vacuum pump
(Rocker 300) (Fig. 1). The vacuum pump was turned
on, then the membrane was dripped with 10 ml of
NaCl solution (as sea-water synthetic) at a pressure of
650 mmHg for all variations of the GO/SiO,-Psf
membrane. The membrane that has been passed
through the NacCl solution is then weighed.



2.3.5. Filtration of Methylene Blue in Aqueous

The 20 ppm methylene blue solution was
passed through a 12,25 cm? GO-SiO,/PSF membrane
placed in a Buchner flask funnel and connected to a
vacuum pump (Rocker 300) using a tube (Fig.1). The
vacuum pump was turned on, then the membrane was
dripped with 10 ml of methylene blue solution at a
pressure of 650 mmHg for all variations of the GO-
SiO2/PSF membrane. The results of the filtered
methylene blue solution will be subjected to a UV-
Visible test to determine the absorbance (30). The
results of the filtered methylene blue solution will be
tested by UV-Vis (Shimadzu 1800) with a
wavelength of 200-600 nm, to determine the
absorption.

Methylene blue (C16H18N3SCI) is one of the
most commonly used dyes for dyeing wool, cotton
and silk. Since sewage or water containing dyes can
cause serious environmental problems and the
availability of healthy water for consumption, it is
necessary to treat these wastes before being
discharged into the environment (31).

2.3.6. Salt-Rejection Test

A salt-rejection test was carried out to determine
the efficiency of the membrane in filtering NaCl
solution. Salt-rejection (SR) can be obtained by the
following formula (11):

Cf -C
Salt — rejection = o P x100 (1)

Where, Cf is the mean salt concentration in feed
stream, and Cp is the salt concentration in the
permeate.

Place the membranc into the
Buchner funnel

Filter the NuCl dan
Methylene Blue solution

Filtered solution

Figure 1. Filtration test with GO/SiO,-Psf

2.3.5. Flow-Flux Test

The membrane flux test was carried out to
measure the optimization parameters of the
membrane. The filtrate flow flux (J) can be obtained
by the formula (11):

\Y

=— (2)

At
Where A is membrane area (m?), V is the volume of
filtrate generated (liter), and t is process time (hours).

3. Result And Discussion
3.1. Pattern Diffraction of GO and Composite
Diffraction analysis of Graphene (GO)
material and GO/SiO, composite is presented in Fig.
2. The peak at 26=10.21° is associated with the (002)
GO plane in the GO/SiO, composite, but this peak
does not appear. It is associated with weak diffraction,
and the presence of graphite oxide heaps, in which
SiO; is coated with a GO sheet, causes GO diffraction
to appear (23). The similarity of the diffraction peaks
for GO and the GO/SiO, composite is indicated at
positions 26 =21.8° and 26.2°. And the presence of a
widened peak at 206 = 23.31° indicates that silica is
amorphous|(30).

W L"“”"JWM ‘ ©
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Figure 2. Pattern Diffraction of SiO»(a), Graphite(b),
GO (c) and GO/SiO,-Psf Composite (d-g)

3.2. Functional Group of GO and Composite

The functional group analysis of the
characteristics for GO materials and GO/SiO;
composites is presented in Fig. 3. The results of the
analysis showed the presence of silanol groups and
Si-O silicates and C-H carbon groups. These
functional groups are a representation of the
composite material (13,33). The GO/SiO, composite
exhibits a new peak at 1100 cm'?, characteristic of the
Si-O-Si asymmetric vibration. The presence of this
absorption proves that silica is on the GO surface
(23). In addition, the peak at 1600-1735 cm™ is
associated with the C=0 vibration of the carboxylate
group. The decreasing C=0 absorption peak in the
composite was due to the interaction of C=0 with GO
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to become Si-O-C indicating a bonding interaction
between GO and Silica.

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm‘l)

Figure 3. Functional group of GO and GO/SiO,-Psf:

(a) Grafite, (b) GO, dan (c-f) composite.

3.3. Morphology of GO, GO/Si0z: Composite and
GO/SiOz-Psf Membrane

The morphology of GO/SiO, composite material
and GO/SiO,-Psf membrane with NPM solvent
during the membrane preparation process is presented
in Fig. 4. The shape of the particles varies, it appears
that the particles have several (small) pores, and
between the stacks of particle arrangement there are
quite large voids. Particle sizes also vary, small and
large, this affects the formation of voids which will
later play a role in forming the density of the
membrane material.

Figure 4. Morphology of GO/SiO, composite

The morphology of the GO/SiO.-Psf membrane
material prepared by the phase inversion method is
presented in Fig. 5. It can be seen on the surface of
the membrane and its cross section. On the surface of
the membrane, pores of varying sizes were seen, and
these were identified as water inlet channels through

the membrane through the cavities formed on the
inside of the membrane. The size and shape of the
cavity is influenced by the type of membrane polymer
(polysulfone) and the composite material embedded
in the membrane. Figure 5b shows a cross-sectional
view of the modified composite membrane with the
topical asymmetrical morphology of the membrane
fibers. The middle layer represents the predominant
morphology with finger-like structures. This finger-
like structure is characteristic of an asymmetrical
membrane where the cross-section of the membrane
consists of a finger structure with a porous underlayer
(88):The formation of a porous surface on GO-SiO»-
psf is caused by an increase in the hydrophilic nature
of the solution, which will accelerate the rate of
solvent exchange (84):iThe addition of GO into the
membrane causes a larger cavity. In theory, the more
macro-voids appear, the greater the membrane's
permeability (83):

Figure 5. Morphology of GO/SiO,-Psf
membrane: (a-b) surface pores, (c-d) cross-
sectional view.

3.4. Hydrophobicity of GO/SiOz-Psf Membrane

The hydrophilic nature of the membrane has
an essential role in filtration performance. In
principle, the hydrophilicity of the membrane can be
determined by the water contact angle.

The contact angle of GO/SiO,-Psf polysulfone
membrane with NMP solvent is presented as follows,
for the weight percent of GO/SiO, composite (for
SiO2, Wt% ~ 0.5%) with the percentage of composite
material varied: 0.6; 0.8; 1.0; and 1.2%. Fig.5 and
Table 1 show that the angle is smaller than 90°
(hydrophobic): each membrane sample shows an
average contact angle of: 75.41°; 70.16°; 76.78°; and
74.25°. The lower the contact angle, the higher the
membrane hydrophilicity (85;086)1 The greater
contact angle value is caused by the surface tension
between the membrane and the water. On the other



hand, for the SiO2-Psf membrane contact angle
(without GO) the contact angle is 71.13°,
approximately the same as the GO/SiO,-Psf
membrane. This indicates that the membrane is
hydrophilic or slightly water-loving (contact angle (6)
(0°<6<90°) Furthermore, a small contact
angle generally results in better hydrophilicity,
increased water flux, and resistance to impurities
(Guo et al., 2018). Thus, the experimental results
obtained in this study are in accordance with the
literature (40).

3.5. Anti-Bacterial of GO/SiO, Composite

The disc diffusion test was carried out to
determine the inhibitory power of the compound on
bacterial growth. Bacterial suspension (D600 nm
0.1) was rubbed on the surface of Muller Hinton Agar
(MHA) media on a Petri dish using a sterile cotton
swab. A paper disk containing 20 [/ of the test
compound was placed on the surface of the MHA.
Incubation was carried out for 48 hours at 30°C. The
clear zone formed around the disc was expressed as
the inhibitory power of the compound against
bacterial growth. Anti-bacterial test in this study,
using 2 types of bacteria, namely Escherichia coli and
Staphylococcus aureus.

The results of the antimicrobial test of
GO/SiO; against Escherichia coli and Staphylococcus
aureus with the disc diffusion method (Table 2)
showed that the inhibitory power of E. Coli was
stronger than S. Aureus; The increase in GO-SiO2
(ppm) concentration  further strengthens the
antibacterial activity of the E. Coli strain, compared
to S. aureus which tends to remain stable. Thus, the
membrane material will be confirmed to have
resistance to bacterial growth (E. Coli and S. Aureus)
(88)! Bacterial-mediated infections can cause various
acute or chronic diseases and antibiotic resistance in
pathogenic bacteria has become a serious health
problem. Graphene-based materials have been very
well studied due to their outstanding bactericidal
activity on various bacteria. The use of GO material
in membrane preparation will provide biosafety
advantages i Likewise, the presence of SiO;
nanoparticles, also has excellent properties as an anti-
bacterial material

3.6. Salt-Rejection of NaCl Solution

Based on Table 4, the results of the salt-
rejection calculation, the Cp value is obtained from
the total solid NaCl dissolved in freshwater with a salt
density of 2,16 g/ml, and the Cf value is obtained
from the initial concentration in the NaCl solution,
which is 27,79 g/ml. The GO/SiO2-Psf membrane
with a TEOS (0,8 ml) showed the most effective
results for seawater desalination because the
GO/SiO,-Psf membrane was able to filter out NaCl
compounds in solution by 67,22%. The high salt-
rejection value is caused by the distribution of silica
grains on the membrane being very tight so that the
pores are getting smaller and able to filter NaCl
compounds efficiently [@B)] The research of Zeng et
al. (2019) showed that an increase in membrane
thickness due to the pore density of SiO,, can help
reduce conductive losses in bulk water and increase
salt rejection ability, but energy efficiency is limited
by maximum liquid flux (44). The GO/SiO,-Psf
membrane with TEOS concentrations of 1,0 ml and
1,2 ml decreased because the ratio of matrix and filler
was not balance.

()
Figure 6. Photograph of antimicrobial of GO/SiO.:
(a-b) E. Coli and (c-d) S. Aureus

TABLE 1. Contact Angle of GO/SiO,-Psf(0.5%) Membrane with DMAC and NMP Solvents

PSF-0,5% Contact Angle (degrees) Contact Angle (degrees)
GO/SiO2 with DMAC solvent with NMP solvent
Right Left Average Right Left Average

0,60 ml TEOS 76,13 81,02 78,58 74,39 76,44 75,41
0,80 ml TEOS 61,78 60,36 61,07 69,71 70,61 70,16
1,00 ml TEOS 82,71 82,53 82,62 72,65 80,90 76,78
1,20 ml TEOS 70,24 70,86 70,55 74,79 73,72 74,25
0,5% SiO2-PSF 69,91 72,44 71,18 70,43 71,84 71,13




IJE TRANSACTIONS A: Basics Vol. 35, No. 4, (April 2022) 184-191

TABLE 2. Antimicrobial of GO-SiO; compounds against E. coli and S. Aureus

Bacterial test Inhibition zone diameter (cm) at various concentrations
repeats of GO-SiO2 compounds
100 ppm 200 ppm 300 ppm 400 ppm 500 ppm

Escherichia coli 1 0,83 0,94 1,01 1,08 0,97
2 0,79 0,83 0,91 0,95 1,04

3 0,93 0,94 0,94 0,98 1,01

Staphylococcus 1 0,55 0,55 0,55 0,55 0,55
aureus 2 0,55 0,55 0,55 0,55 0,55

3 0,55 0,55 0,55 0,55 0,55

3.6. Filtration of Methylene Blue in Aqueous

By using 20 ppm methylene blue was then
carried out a filtration test. The methylene blue
solution was filtered using a GO/SiO,-Psf
membrane with various concentrations of TEOS
0,6; 0,8; 1,0; and 1,2 ml. The results of the
methylene blue solution filtration test (Fig.2)
show that the methylene blue solution, which has
been filtered using a GO/SiO2-Psf membrane,
appears to change in color before and after
filtering.

—MB 30 ppm
—G0/8i020.6
—GOI$102 0.8
3 —G0DI8i02 1.0

Y : L | =——00/3021.2

Absorbance (a.u)

! . |
450 475 500 525 550 575 €00 625 650 875 700
Wavelenght (nm)

Figure 7. Dye absorption in water (Methylene
Blue) by GO/SiO, nanocomposite.

The UV-Vis test was carried out using a
wavelength of 200 to 600 nm, and the absorption
value of each sample was obtained (Fig.3). The
methylene blue solution without passing through
the GO-SiO./Psf membrane obtained an
absorbance value of 1,206 at a wavelength of 291
nm. Figure 7 shows the results of the UV-Vis test
showing the relationship between wavelength and
absorbance. The UV-Vis absorption spectrum of
GO/SiO, nanocomposite has a strong absorption
in the range of 200-650 nm. In the composite for
TEOS (0.6 ml), GO showed a characteristic peak
at 325 nm, for TEOS (0.8 ml) it decreased starting
at the peak of 280 nm. For TEOS (1.0 and 1.2 ml)
indicates a stable position and continues to
increase. The maximum absorption peak
corresponds to the n-n* transition bond in the C=C

aromatic structure and the n—n* transition in the
carbonyl group (C=0). The characteristic peak
shifts to 270 nm for GO due to the presence of
reduced graphene (22,47).

The Methylene blue, which was passed
through the GO/SiO2-Psf membrane in one time
filtering (Fig. 8a) decreased the absorption value,
where the most optimum absorbance occurred in
the membrane with a TEOS concentration of 0,8
ml, which was 0,396 at a wavelength of 291 nm.
This is to the literature conducted by Nurul et al,
2019 where the absorbance of methylene blue can
be carried out using silica (17). This also supports
the statement of Cahyo et al, 2018 that the higher
the silica content used, the larger the surface area,
so the more effective it is to absorb methylene blue
(20). However, on membranes with TEOS
concentrations of 1,0 ml and 1,2 ml, there was an
increase in the absorbance value due to the
unbalanced and uneven matrix and filler content
during the manufacture of the membrane, which
caused the membrane to be less than optimal in the
filtering process.
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Figure 8. UV-Vis test of Methylene Blue solution

1 times filtering

Based on Fig. 8b, the methylene blue
solution that has been passed through the
GO/SiO2-Psf membrane 5 times has been filtered.
There is a significant decrease in the absorbance
value compared to the 1 filter (Table 3). The more
the filtering process uses the GO/SiO,-Psf



membrane, the lower the methylene blue content
in the solution. By the statement of Neldawati,
2013 the content of methylene blue in the solution
that has been passed through the membrane
decreases when the filtration test is completed

0.02
—— GO/SiO,-Psf (0.6 mL)

—— GO/SiO,Psf (0.8 mL)
—— GO/SiO,-Psf (1.0 mL)
—— GO/SiO,Psf (1.2 mL)
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Figure 9. UV-Vis test of Methylene Blue
solution 5 times filtering

Figure 10. Metylene Blue solution filtration test
results (a) 1 filter, (b) 5 filters.

Visually (Fig. 10) there is a significant
color change, and it is relatively clearer when the
color change is by the results of the UV-Vis test
that has been carried out. The GO/SiO2-Psf
membrane with TEOS 0,8 ml at 5 times of
filtration obtained a negative absorbance value
(Table 3), which indicates that the sample does not
contain methylene blue analyte or that the
methylene blue content contained in the solution

is below the detection limit of the UV
spectrometer method. So, it can be said that the
addition of SiO; to the membrane can maximize
the membrane as an absorbent ([22)] and the GO-
SiO2/PSF membrane with 0,8 ml TEOS is more
effective in filtering methylene blue solutions.

3.7. Flow Flux of NaCl Solution

Based on the experimental results, the data
obtained are as in Table 4. The magnitude of the
flow flux value is affected for different GO-
SiO2/PSF membrane samples, the greater the
composition of SiO? in the flow-flux membrane
the greater. The value of the flow flux for NaCl
solution and methylene blue water can be seen in
Table 4. A low flux value indicates a low
membrane permeability, so it can be said that the
membrane is more optimal in filtering the
solution, the resulting water quality is cleaner
(from impurities), especially salt molecules. and
methylene-blue molecules (natural dyes).

Table 3. Comparison of absorbance values of
Methylene Blue solution one-times filtering and
fives-times filtering

Absorbance (a.u)
W1t% Membrane 1 times 5 times
filtering filtering
GO/SiO; (0,6) 0,599 0,015
GO/SiO; (0,8) 0,396 -0,037
GO/SiO; (1,0) 0,428 0,012
GO/SiO; (1,2) 0,409 0,011

The filtering time of the solution greatly
affects the value of the resulting water flux, where
the longer the filtering time, the GO/SiO,-Psf
membrane has a tight pore size. The GO/SiO,-Psf
membrane with a TEOS concentration of 0,8 ml
had the lowest flux value, namely 47,46 L.m2.h
in NaCl solution and 51,55 L.m2.h"! in methylene
blue ocean. The decrease in flux in the membrane
can be caused by the closure of several pores in the
membrane. The membrane flux will decrease as
the filtering time increases . The
GO/SiOz-Psf  membrane with a TEOS
concentration of 0,8 ml has a tight pore size so that
it is more efficient for filtering NaCl and
methylene blue solutions.

Table 4. The results of the calculation of flow flux

Time (Hour) Flux (L.m2.h?)
Wt% Membrane NaCl (sea-water ~ Metylene NacCl (sea-water Metylene
synthetic) Blue synthetic) Blue
GOISiO; (0,6) 0,13 0,12 79,37 81,30
GO/SiO; (0,8) 0,17 0,16 47,46 51,55
GOI/Si0: (1,0) 0,15 0,14 53,71 59,88
GOI/SiO; (1,2) 0,16 0,15 48,88 54,05
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3.8. Flow Flux of NaCl Solution and Methylene-
Blue in Water

Fig. 11(a) is the result of one filter where
the methylene blue solution is still concentrated.
Fig. 11(b) is the result of 5 times filtering, where
the methylene blue solution is relatively clearer.
Visually, it can be seen that the GO/SiO,-Psf
membrane can reduce or absorb methylene blue
gradually. Based on the results of the filtration test
on the methylene blue solution 5 times filtering,
the GO/SiO.-Psf membrane with a TEOS
concentration of 0,8 ml looked the brightest, it was
by the flux test that had been carried out.

The filtering time of the solution greatly
affects the value of the resulting water flux, where
the longer the filtering time, the GO/SiO2-Psf
membrane has a tight pore size. The GO/SiO,-Psf
(0.8 ml) membrane had the lowest flux value,
namely 47,46 L.m2.h"t in NaCl solution and 51,55
L.m-2.h-1 in methylene blue ocean. The decrease
in flux in the membrane can be caused by the
closure of several pores in the membrane. The
membrane flux will decrease as the filtering time
increases (@9)] The GO/SiO-Psf (0.8 ml)
membrane has a tight pore size so that it is more
efficient for filtering NaCl and methylene blue
solutions.

s Y4 l‘
L " e 2
Water flow @ .'\"t"""k"lh‘b. ®
P 9 S AP 9 - 1-layer
b
v
A

Graphene

(a)

(b)
after

Before

membrane
GO/Si02-PSf

OEt
EQO—SCM +
OEl

=@
¥, =

GO

Figure 11. Filtration model of GO/SiO,-Psf
membrane: (a) water-flow in layer graphene, (b)
fresh-water after filtrations.

In addition, the graphene structure that
forms thin sheets of net (the order of nanometers)
is very effective for filtering water molecules. GO
modified with SiO2 in the membrane system is
believed to be more effective in the filtration and
absorption of pollutants in water (Fig. 11).
Graphene oxide (GO) has unique characteristics
that make it an excellent material for water
purification applications. Chemically stable in
water, provides high water permeability through
its 2D nanochannels, and has excellent antifouling
and antibacterial properties (B0)!

Graphene has unique physicochemical
properties, extraordinarily high surface area,
mechanical resistance, atomic thickness, nano-
sized pores, and polar reactivity of polar and non-
polar water, thus providing high selectivity and
water permeability and thus providing excellent
water purification efficiency. Graphene material
has great potential as a membrane for water
desalination, GO for good adsorption, and
photocatalysis of water pollutants. On the other
hand, SiO2 nanoparticles have good adsorption
properties due to their high surface area and

porosity, so they can be promoted as membrane
fillers H

Synthetic polymers, such as polysulfone,
have been successfully used in water and
wastewater treatment due to their unique chemical
and physical characteristics, such as high chemical
resistance, mechanical properties, and thermal
stability. These polymeric materials tend to be
hydrophobic by default and are prone to organic
fouling, which requires doping with hydrophilic
monomers/materials to induce  hydrophilic
properties to overcome fouling problems. Low-
energy plasma and irradiation are used, and
hydrophilic organic and inorganic materials can be
mixed in the polymer by irradiation

4. Conclusions

In  conclusion, we have successfully
developed GO membranes by substituting SiO2
nanoparticles in  GO/SiO2  nanocomposite
formations. This membrane has flexible properties
and hydrophilicity for separating dyes and
rejecting salt in water. The incorporation of SiO
nanoparticles between the GO layers expands the
vertical interlayer nano-channels, increasing the
water permeability. The suitable anti-bacterial
property further strengthens this membrane's
application  for  healthy water filtration
consumption. In this study, excellent results were
obtained, where the Flow Flux of NaCl Solution
and Methylene-Blue in Water was 79.37% and
81.30%, respectively, with a salt-rejection rate of
67.22%. However, the results of this study can still
be developed further to be applied as a membrane
in ultrafiltration systems.
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0.76 nm, which is larger than water molecules
(0.275 nm).
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size exclusion and electrostatic interactions,
thus achieving desalination GO film filtration
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The clean water crisis in Indonesia is increasing every year, and waste from the textile industry sector
can also add to this problem. There are various water treatment processes to deal with the clean water
crisis, one of which is the desalination process using graphene oxide. With the addition of hydrophilic
nanoparticles, graphene oxide (GO) membranes can increase roughness and have good mechanical
strength. SiO2 nanoparticles also have a high specific surface to absorb water or are hydrophilic. This
study aims to determine the ability of the GO-SiO2/Psf membrane to reject salt (NaCl solution) and
filtering of methylene blue solutions. Membrane prepared by variations of TEOS 0.6; 0.8; 1.0; and 1.2
ml for GO/SiO2 composite synthesis. The results showed that the GO-SiO2/PSF membrane could absorb

methylene blue solution. The most optimum absorption value occurred at a TEOS concentration of 0.8
ml and had the most effective salt rejection value for NaCl solution equal to 67.22%.

doi: 10.5829/ije.2023.36.01a.00

NOMENCLATURE

Ci The salt concentrations in feed A Area (m?)

Cp The salt concentrations in permeate SR Salt-Rejection (%)

Jw The permeate water flux (L m2h?t) F Flux flow

V Volume (m®) A The water permeability coefficient (L m—2 h* bar %)
TEOS Tetraethyl orthosilicate, Si(OH)4 Psf Polysulfones , performance thermoplastics

1. INTRODUCTION

Indonesia is the largest archipelagic country in the world
with a sea area of 5,8 million km? and only 2,01 million
km? of land area. By having an existing sea area,
Indonesia has great potential to be able to utilize and treat
sea water as an alternative to meet the needs of clean
water. The need for clean water in Java from 1991 to
2020 was 79,41 billion m® and is predicted to increase by
7,24 billion m® from 2021 to 2050, while the availability
of clean water in Java is in the range from 1991 to 2020

and 2021 to 2020. By 2050, it will decrease by 75,68
billion m3 [].

The scarcity of clean water is caused by several
factors, including the amount of water demand that
continues to increase and exceeds its supply capacity [2],
as well as the result of irresponsible human activities
[3:4]: The scarcity of clean water also has an impact on
the lower middle-class community because they have to
provide funds to meet the needs of clean water. Global
water scarcity is driven by water quantity and water
quality issues, and measures expansion in clean water
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technologies (i.e. desalination and reuse of treated
wastewater) “to reduce the number of people suffering
from water scarcity” as urgently needed by the United
Nations Sustainable Development Goal (SDGs 6.0) [5].

Meanwhile, the textile industry sector has
increased every year. The textile industry can produce
approximately 700 tons of dyes per year globally [6]:
Methylene blue is one of the dyes used in the textile
industry as a basic ingredient in production. Methylene
blue is a heterocyclic aromatic compound that is often
used in the textile, silk, and wool industries []! This can
lead to the release of dye waste that endangers the
surrounding environment and can damage aquatic
organisms [8]! Based on data from the World Resources
Institute (WRI), Indonesia is ranked 51st with a high-risk
level of clean water crisis (high 40-80% possibility). To
deal with the scarcity of clean water, there are various
kinds of water treatment processes, one of which is the
desalination process.

Desalination is a water purification technique by
separating the levels of substances from water [9,10] by
reducing ions to the required level according to human
needs [11]. The desalination process can be carried out
using graphene oxide. Graphene oxide offers an
unusually high surface area, mechanical durability,
atomic thickness, nano-sized pores and reactivity to polar
and non-polar water pollutants. These characteristics
provide high selectivity and water permeability, and thus
provide excellent water purification efficiency. It also has
the ability to adsorb and photocatalyzed water pollutants,
so it has great potential for filtration materials, even for
seawater desalination [9].

The addition of graphene oxide (GO) to the
composite can affect the magnetization value so that it
has super paramagnetic properties and can be used to
absorb methylene blue [12,13]. The GO membranes
contain groups such as epoxide, carboxyl, and hydroxyl
which can bind to water. Graphene oxide membranes
also have good mechanical strength, so they are easy to
fabricate and have the potential to be produced on an
industrial scale [14-16]| However, pure GO membranes
have a finely stacked structure and have limited
improvement in membrane performance. Based on the
Cassie-Wenzel theory, there is an effective method to
overcome the weakness of GO membranes, namely the
addition of hydrophilic nanoparticles to increase surface
roughness [17].

SiO; nanoparticles have properties that can carry
a large number of hydroxyl groups, and the concentration
of hydroxyl groups is directly proportional to the specific
surface area of the amorphous silica. And also have a
high specific surface so that they can absorb water or are
hydrophilic, and on the surface of SiO2 there are
abundant siloxane groups (Si-O-Si) that can bridge
oxygen atoms [18, 19]! From this characteristic, there are
many advantages, such as the broad application of

biomedical and  biotechnological  applications,
agricultural  applications, industrial  applications,
environmental applications, and water purification. In
water purification, SN can reduce biological oxygen
demand, perform antimicrobial strength as a filter for
water-oil mixture, and filter methylene red, commonly
used in the textile and paper industry, as waste disposal
from a textile factory.

There are three graphene derivatives: graphite,
GO, and rGO. Graphite is the primary material of carbon
which is amorphous and stacked and rich in carbon and
oxygen. GO is the result of graphite oxidation which
increases the amount of oxygen, and some Van der Walls
bonds have been released. So the thickness of the sample
has been reduced. Reduced Graphene Oxide (rGO) is a
graphene oxide in which the carbon atoms of graphene
undergo oxidation and reduction. In the oxidation
process, there are several oxygen and hydrogen atoms
bonded to carbon atoms, the result of this oxidation
process is called GO. While in the reduction process,
some hydrogen and oxygen bonds are released from
graphene oxide so that a structure almost similar to
graphene is obtained.

From  various previous studies, silica
nanoparticles have shown great application potential in
some fields, such as chemistry, biomedicine,
biotechnology, agriculture, environmental improvement,
and wastewater purification. With superior properties
such as mesoporous structure, high surface area,
adjustable pore size/diameter, morphology,
biocompatibility, modifiability, anti-bacterial, as an
excellent encapsulating agent for various bioactive
molecules: proven safe for targeted drug delivery, and
polymer hybridization ability [20]:

In a study conducted by Jiawei Sun et al. using a
GO-SiO, membrane as an oil-in-water separator, it was
found that the incorporation of SiO2 nanoparticles with
GO can expand and increase water permeability with oil
rejection (>99%) for various types of oil-in-water
emulsions [17, 21-22]. The GO/SiO, hybrid composite
membrane has good hydrophilicity and thermal
properties, able to reject high rhodamine B dye molecules
(99%), high permeation and water resistance, so it is very
good to be developed as a high-performance material for
water treatment [23]. |SiO.-GO/Psf hybrid membrane
presents the best overall properties, including water
permeation rate, protein rejection and antifouling ability
[24,25] The SiO,-GO nanohybrid has high
hydrophilicity and good dispersibility properties derived
from silica nanoparticles which are densely and
uniformly coated on the GO surface and serve as a space
layer of GO [23,24]. The GO-SiO/Psf composite under
UV irradiation during filtration greatly reduces the
formation of fouling and produces a high flux recovery
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ratio, and is effective for filtration and remove organic
pollutants [26].

Previous studies on graphene membranes have
shown good performance as seawater desalination
membranes [9]. Furthermore, silica nanoparticles can be
applied as adsorption of dyes in water (such as methylene
blue); In addition, SiO, nanoparticles also have good
antibacterial and hydrophilic properties. In this study,
substituted graphene silica nanoparticles and polysulfone
polymers were fabricated into membranes using the
phase inversion method. This study is expected to
improve the performance of membranes in desalination
and adsorption of dyes to obtain decent water quality,
healthy for consumption. GO/SiO2-Psf membrane
performance in salt rejection (for desalination) and dye
filtration in water (MB) will be presented in this report.

2. MATERIALS AND METHOD

2.1. Materials Some of the materials used include
graphite powder produced from coconut shell extract,
NaNOs(Merck, for analysis), KMnOs (Merck, for
analysis), H.O, H20, (Merck, 30%), NH4OH (Merck,
25%), distilled water, and TEOS which are all obtained
from Edu Lab, H,SO4 (Merck, 95-97%) was obtained
from Indofa Industry, HCI (Merck, 37%) was obtained
from Mallinckrodt, NMP solvent was obtained from
Sigma-Aldrich, PSF (Polysulfone) was obtained from
Sigma-Aldrich (average Mw ~35,000), dan Methylene
blue (M9140, Sigma-Aldrich).

2.2. Synthesis Method

2.2.1. Synthesis of Graphene (GO)  The hummer
method was used, in which 5 grams of graphite powder,
2,5 grams of NaNOs, and 120 ml of H.SO4 were placed
in a 500 ml beaker with an ice bath and stirred for 30
minutes to form a black solution. Then 15 grams of
KMnO,4 were added slowly and stirred for 30 minutes at
a controlled temperature of 20°C to form a purple
solution, and then stirred again for 3 hours at room
temperature to form a brown solution. Then 150 ml of
H,O was added and the temperature was held at 95°C.
The mixture was stirred for 3 hours at a controlled
temperature of 95°C-100°C to form a dark yellow
solution [27]. Then 50 ml of H,O, (30%) was added
slowly, then washed with HCI (1M) and H2O until the
yellow color of the solution disappeared and the pH of
the solution became neutral, then sonicated for 1 hour and
filtered to produce a black gel. Furthermore, the black gel
was dried at a temperature of 60°C for 6 hours and
produced GO.

2.2.2. Synthesis of GO/SiO2 Composite It was carried
out by the TEOS hydrolysis method, where 12,5 mg of
GO was mixed with 150 ml of ethanol distilled water
using a ratio of 1:5 and then sonicated for 30 minutes.
Then, ammonia was added until the PH of the mixture

was close to 9. Then 0.6 ml to 1.2 ml of TEOS
concentration were added to the solution and stirred for
30 minutes. Then it was stirred at room temperature for
24 hours, centrifuged and washed with ethanol, then
dried for 12 hours at 60°C producing a GO/SiO;
composite [26].

2.2.3. Fabrication of GO/SiO2-Psf Membrane Using
the phase inversion method, 1 gram of polysulfone was
added to 5,469 ml of NMP and stirred for 3 hours. Then
0,0333 gram of GO/SiO, composite was added to obtain
a 0.5wt% solution and sonicated for 30 minutes to
shorten the dissolution process. No air bubbles were
formed in it. Then the solution was formed on a glass
plate and soaked in distilled water for 24 hours. Then it
was dried for 24 hours at room temperature, which finally
produced a GO/SiO,-Psf membrane [28].

2.3. Characterizations

2.3.1. Characterization of GO/SiO2 and GO/SiO2-Psf
Membrane Phase and crystal structure analysis of
nanoparticles (GO, SiOy) and GO/SiO, nanocomposites
used X-Ray Diffraction (PANalytical X'Pert Pro) plus
Expert High Score Plus software; using monochromatic
radiation CuKo (40kV/40 mA) taken at an angle of
5°<260 <90° at a rate of 0.02°/min at room temperature.
Functional group analysis using infrared wave absorption
test using FTIR (Shimadzu Brand, Type: IR-Prestige 21).
Lattice vibration analysis in Graphene phase using
Ramman spectroscopy (wavelength range 4000-200 cm-
D, and to observe the morphology of GO/SiO;
nanocomposite and GO/SiO,-Psf membrane using the
Scanning electron microscope/SEM test (FEI Brand,
Type: Inspect-S50). UV-Visible test to analyze the
adsorption of methylene blue dye in water. And the
analysis of the hydrophilicity of the membrane surface
with the CAA 2320 Contact Angle instrument.

2.3.4. Filtration of NaCl Solution  GO/SiO,-Psf was
placed in a funnel Buchner flask and a hose was
connected to a vacuum pump (Rocker 300) (Fig. 1). The
vacuum pump was turned on, then the membrane was
dripped with 10 ml of NaCl solution (as sea-water
synthetic) at a pressure of 650 mmHg for all variations of
the GO/SiO,-Psf membrane. The membrane that has
been passed through the NaCl solution is then weighed.

2.3.5. Filtration of Methylene Blue in Aqueous The 20
ppm methylene blue solution was passed through a 12,25
cm? GO-SiO,/PSF membrane placed in a Buchner flask
funnel and connected to a vacuum pump (Rocker 300)
using a tube (Fig.1). The vacuum pump was turned on,
then the membrane was dripped with 10 ml of methylene
blue solution at a pressure of 650 mmHg for all variations
of the GO-SiO./PSF membrane. The results of the
filtered methylene blue solution will be subjected to a
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UV-Visible test to determine the absorbance [29]. The
results of the filtered methylene blue solution will be
tested by UV-Vis (Shimadzu 1800) with a wavelength of
200-600 nm, to determine the absorption.

Methylene blue (C16H18N3SCI) is one of the
most commonly used dyes for dyeing wool, cotton and
silk. Since sewage or water containing dyes can cause
serious environmental problems and the availability of
healthy water for consumption, it is necessary to treat
these wastes before being discharged into the
environment [30].

2.3.6. Salt-Rejection Test A salt-rejection test was
carried out to determine the efficiency of the membrane
in filtering NaCl solution. Salt-rejection (SR) can be
obtained by the following formula [11]:

Cf —Cp

Salt — rejection = x100 (1)

Where, Cf is the mean salt concentration in feed stream,
and Cp is the salt concentration in the permeate.

Place the membrane into the

Buchner funnel

s W)

Filter the NuCl dan
Mecthylene Blue solution

Filtered solution

Figure 1. Filtration test with GO/SiO,-Psf

2.3.5. Flow-Flux Test  The membrane flux test was
carried out to measure the optimization parameters of the
membrane. The filtrate flow flux (J) can be obtained by
the formula [11]:

\Y,

J=— (2

At
Where A is membrane area (m?), V is the volume of
filtrate generated (liter), and t is process time (hours).

3. RESULT AND DISCUSSION

3.1. X-Ray Diffraction of Composite Diffraction
analysis of Graphene (GO) material and GO/SiO;
composite is presented in Fig. 2. The peak at 26= 10.21°
is associated with the (002) GO plane in the GO/SiO,
composite, but this peak does not appear. It is associated

with weak diffraction, and the presence of graphite oxide
heaps, in which SiO; is coated with a GO sheet, causes
GO diffraction to appear [22]. The similarity of the
diffraction peaks for GO and the GO/SiO, composite is
indicated at positions 20 =21.8° and 26.2°. And the
presence of a widened peak at 20 = 23.31° indicates that
silica is amorphous([29].

Intensity (a.u)

10.15.20.25.30.35.40.45.50.55
20 (deg.)
Figure 2. Pattern Diffraction of SiO2(a), Graphite(b), GO
(c) and GO/SiO,-Psf Composite (d-g)

Transmittance (%)

Si-O-Si

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm‘l)

Figure 3. Functional group of GO and GO/SiO2-Psf: (a)
Grafite, (b) GO, dan (c-f) composite.

3.2. Functional Group of Composite The functional
group analysis of the characteristics for GO materials and
GO/SiO, composites is presented in Fig. 3. The results of
the analysis showed the presence of silanol groups and
Si-O silicates and C-H carbon groups. These functional
groups are a representation of the composite material
[13,32]. The GO/SiO, composite exhibits a new peak at
1100 cm?, characteristic of the Si-O-Si asymmetric
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vibration. The presence of this absorption proves that
silica is on the GO surface [22]! In addition, the peak at
1600-1735 cm™ is associated with the C=0 vibration of
the carboxylate group. The decreasing C=0 absorption
peak in the composite was due to the interaction of C=0
with GO to become Si-O-C indicating a bonding
interaction between GO and Silica.

3.3. Morphology of GO, GO/SiO2 Composite and
GO/SiO2-Psf Membrane The morphology of GO/SiO;
composite material and GO/SiO,-Psf membrane with
NPM solvent during the membrane preparation process
is presented in Fig. 4. The shape of the particles varies, it
appears that the particles have several (small) pores, and
between the stacks of particle arrangement there are quite
large voids. Particle sizes also vary, small and large, this
affects the formation of voids which will later play a role
in forming the density of the membrane material.

Figure 4. Morphology of GO/SiO, composite

The morphology of the GO/SiO,-Psf membrane material
prepared by the phase inversion method is presented in
Fig. 5. It can be seen on the surface of the membrane and
its cross section. On the surface of the membrane, pores
of varying sizes were seen, and these were identified as
water inlet channels through the membrane through the
cavities formed on the inside of the membrane. The size
and shape of the cavity is influenced by the type of
membrane polymer (polysulfone) and the composite
material embedded in the membrane. Figure 5b shows a
cross-sectional view of the modified composite
membrane with the topical asymmetrical morphology of
the membrane fibers. The middle layer represents the
predominant morphology with finger-like structures.
This finger-like structure is characteristic of an
asymmetrical membrane where the cross-section of the
membrane consists of a finger structure with a porous
underlayer [32]. The formation of a porous surface on

GO-SiO,-psf is caused by an increase in the hydrophilic
nature of the solution, which will accelerate the rate of
solvent exchange [33]. The addition of GO into the
membrane causes a larger cavity. In theory, the more
macro-voids appear, the greater the membrane's
permeability [32].

Figure 5. Morphology of GO/SiO-Psf membrane: (a-b)
surface pores, (c-d) cross-sectional view.

3.4. Hydrophobicity of GO/SiO2-Psf Membrane The
hydrophilic nature of the membrane has an essential role
in filtration performance. In principle, the hydrophilicity
of the membrane can be determined by the water contact
angle.

The contact angle of GO/SiO2-Psf polysulfone
membrane with NMP solvent is presented as follows, for
the weight percent of GO/SiO, composite (for SiO2, Wt%
~ 0.5%) with the percentage of composite material
varied: 0.6; 0.8; 1.0; and 1.2%. Fig.5 and Table 1 show
that the angle is smaller than 90° (hydrophobic): each
membrane sample shows an average contact angle of:
75.41°;70.16°; 76.78°; and 74.25°. The lower the contact
angle, the higher the membrane hydrophilicity [34; 35].
The greater contact angle value is caused by the surface
tension between the membrane and the water. On the
other hand, for the SiO,-Psf membrane contact angle
(without GO) the contact angle is 71.13°, approximately
the same as the GO/SiO,-Psf membrane. This indicates
that the membrane is hydrophilic or slightly water-loving
(contact angle (0) (0°<0<90°) Furthermore, a
small contact angle generally results in better
hydrophilicity, increased water flux, and resistance to
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impurities [38]. Thus, the experimental results obtained
in this study are in accordance with the literature [39].

3.5. Anti-Bacterial of GO/SiO. Composite  The disc
diffusion test was carried out to determine the inhibitory
power of the compound on bacterial growth. Bacterial
suspension (ZD600 nm 0.1) was rubbed on the surface
of Muller Hinton Agar (MHA) media on a Petri dish
using a sterile cotton swab. A paper disk containing 20 |
of the test compound was placed on the surface of the
MHA.. Incubation was carried out for 48 hours at 30°C.
The clear zone formed around the disc was expressed as
the inhibitory power of the compound against bacterial
growth. Anti-bacterial test in this study, using 2 types of
bacteria, namely Escherichia coli and Staphylococcus
aureus.

The results of the antimicrobial test of GO/SiO; against
Escherichia coli and Staphylococcus aureus with the disc
diffusion method (Table 2) showed that the inhibitory
power of E. Coli was stronger than S. Aureus; The
increase in GO-SiO2 (ppm) concentration further
strengthens the antibacterial activity of the E. Coli strain,
compared to S. aureus which tends to remain stable.
Thus, the membrane material will be confirmed to have
resistance to bacterial growth (E. Coli and S. Aureus)
[87]l Bacterial-mediated infections can cause various
acute or chronic diseases and antibiotic resistance in
pathogenic bacteria has become a serious health problem.
Graphene-based materials have been very well studied
due to their outstanding bactericidal activity on various
bacteria. The use of GO material in membrane
preparation will provide biosafety advantages [24]}
Likewise, the presence of SiO, nanoparticles, also has
excellent properties as an anti-bacterial material [40)42]!

3.6. Salt-Rejection of NaCl Solution Based on Table 4,
the results of the salt-rejection calculation, the Cp value
is obtained from the total solid NaCl dissolved in
freshwater with a salt density of 2,16 g/ml, and the Cf
value is obtained from the initial concentration in the
NaCl solution, which is 27,79 g/ml. The GO/SiO,-Psf

membrane with a TEOS (0,8 ml) showed the most
effective results for seawater desalination because the
GO/SiO,-Psf membrane was able to filter out NaCl
compounds in solution by 67,22%. The high salt-
rejection value is caused by the distribution of silica
grains on the membrane being very tight so that the pores
are getting smaller and able to filter NaCl compounds
efficiently [IB]} The research of Zeng et al. (2019)
showed that an increase in membrane thickness due to the
pore density of SiOz, can help reduce conductive losses
in bulk water and increase salt rejection ability, but
energy efficiency is limited by maximum liquid flux [42].
The GO/SiO;-Psf membrane with TEOS concentrations
of 1,0 mland 1,2 ml decreased because the ratio of matrix
and filler was not balance.

(c)

Figure 6. Photograph of antimicrobial of GO/SiO.: (a-
b) E. Coli and (c-d) S. Aureus

TABLE 1. Contact Angle of GO/SiO2-Psf(0.5%) Membrane with DMAC and NMP Solvents

PSF-0,5% Contact Angle (degrees) Contact Angle (degrees)
GO/SiO, with DMAC solvent with NMP solvent
Right Left Average Right Left Average
0,60 ml TEOS 76,13 81,02 78,58 74,39 76,44 75,41
0,80 ml TEOS 61,78 60,36 61,07 69,71 70,61 70,16
1,00 ml TEOS 82,71 82,53 82,62 72,65 80,90 76,78
1,20 ml TEOS 70,24 70,86 70,55 74,79 73,72 74,25
0,5% SiO,-PSF 69,91 72,44 71,18 70,43 71,84 71,13
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TABLE 2. Antimicrobial of GO-SiO2 compounds against E. coli and S. Aureus

Bacterial test repeats Inhibition zone diameter (cm) at various concentrations of GO-SiO, compounds
100 ppm 200 ppm 300 ppm 400 ppm 500 ppm

Escherichia coli 1 0,83 0,94 1,01 1,08 0,97
2 0,79 0,83 0,91 0,95 1,04

3 0,93 0,94 0,94 0,98 1,01

Staphylococcus 1 0,55 0,55 0,55 0,55 0,55
aureus 2 0,55 0,55 0,55 0,55 0,55

8 0,55 0,55 0,55 0,55 0,55

3.6. Filtration of Methylene Blue in Aqueous By using
20 ppm methylene blue was then carried out a filtration
test. The methylene blue solution was filtered using a
GO/SiO,-Psf membrane with various concentrations of
TEOS 0,6; 0,8; 1,0; and 1,2 ml. The results of the
methylene blue solution filtration test (Fig.2) show that
the methylene blue solution, which has been filtered
using a GO/SiO,-Psf membrane, appears to change in
color before and after filtering.

——MB 30 ppm

——G0/8i020.6

—GO/SI02 0.8
021

Absorbance (a.u)

§75 650 875 700

Wavelenght (nm)
Figure 7. Dye absorption in water (Methylene Blue) by
GO/SiO, nanocomposite.

€00

625

The UV-Vis test was carried out using a wavelength
of 200 to 600 nm, and the absorption value of each
sample was obtained (Fig.3). The methylene blue
solution without passing through the GO-SiO./Psf
membrane obtained an absorbance value of 1,206 at a
wavelength of 291 nm. Figure 7 shows the results of the
UV-Vis test showing the relationship between
wavelength and absorbance. The UV-Vis absorption
spectrum of GO/SiO, nanocomposite has a strong
absorption in the range of 200-650 nm. In the composite
for TEOS (0.6 ml), GO showed a characteristic peak at
325 nm, for TEOS (0.8 ml) it decreased starting at the
peak of 280 nm. For TEOS (1.0 and 1.2 ml) indicates a
stable position and continues to increase. The maximum
absorption peak corresponds to the m-n* transition bond
in the C=C aromatic structure and the n—n* transition in
the carbonyl group (C=0). The characteristic peak shifts
to 270 nm for GO due to the presence of reduced
graphene [21,45]!

The Methylene blue, which was passed through the
GO/SiO,-Psf membrane in one time filtering (Fig. 8a)
decreased the absorption value, where the most optimum

absorbance occurred in the membrane with a TEOS
concentration of 0,8 ml, which was 0,396 at a wavelength
of 291 nm. This is to the literature conducted by Nurul et
al, 2019 where the absorbance of methylene blue can be
carried out using silica [L7]. This also supports the
statement of Cahyo et al, 2018 that the higher the silica
content used, the larger the surface area, so the more
effective it is to absorb methylene blue [20]. However,
on membranes with TEOS concentrations of 1,0 ml and
1,2 ml, there was an increase in the absorbance value due
to the unbalanced and uneven matrix and filler content
during the manufacture of the membrane, which caused
the membrane to be less than optimal in the filtering
process.

14
—— GOISiO,-Psf (0.6 mL)
1.2 4 GO/SiO,-Psf (0.8 mL)
—— GOJSIO,-Psf (1.0 mL)
—— GOISIO,-Psf (1.2 mL)
1.04 —— Metylene Blue

0.8

0.6

Absorbance (a.u)

0.4

0.2 H

0.04

260 2;30 3(I)0 350 340
Wavelenght (nm)
Figure 8. UV-Vis. test of Methylene Blue solution 1

times filtering

Based on Fig. 8b, the methylene blue solution that has
been passed through the GO/SiO,-Psf membrane 5 times
has been filtered. There is a significant decrease in the
absorbance value compared to the 1 filter (Table 3). The
more the filtering process uses the GO/SiO,-Psf
membrane, the lower the methylene blue content in the
solution. By the statement of Neldawati, 2013 the content
of methylene blue in the solution that has been passed
through the membrane decreases when the filtration test
is completed [18].

Visually (Fig. 10) there is a significant color
change, and it is relatively clearer when the color change
is by the results of the UV-Vis test that has been carried
out. The GO/SiO2-Psf membrane with TEOS 0,8 ml at 5
times of filtration obtained a negative absorbance value
(Table 3), which indicates that the sample does not
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contain methylene blue analyte or that the methylene blue
content contained in the solution is below the detection
limit of the UV spectrometer method. So, it can be said
that the addition of SiO2 to the membrane can maximize
the membrane as an absorbent (22), and the GO-
SiO2/PSF membrane with 0,8 ml TEOS is more effective
in filtering methylene blue solutions.

TABLE 3. Comparison of absorbance values of Methylene
Blue solution one-times filtering and fives-times filtering

Absorbance (a.u)
N -
Wit% Membrane flilttlgiisg 5 times filtering
GO/SiO, (0,6) 0,599 0,015
GO/SiO, (0,8) 0,396 -0,037
GO/SiO; (1,0) 0,428 0,012
GO/SiO; (1,2) 0,409 0,011

0.02
—— GOISiO,-Psf (0.6 mL)

—— GOISiO,-Psf (0.8 mL)
—— GOJSiO,-Psf (1.0 mL)
—— GOJSiO,-Psf (1.2 mL)

0.00 ~

Absorbance (a.u)
<)
8
1

-0.04 4

-0.06 4

270 2é0 260 3(I)0 3:ILO Sé() 3:I’>0 340
Wavelenght (nm)

Figure 9. UV-Vis test of Methylene Blue solution 5

times filtering

3.7. Flow Flux of NaCl Solution  Based on the
experimental results, the data obtained are as in Table 4.
The magnitude of the flow flux value is affected for
different GO-SiO2/PSF membrane samples, the greater
the composition of SiO? in the flow-flux membrane the

greater. The value of the flow flux for NaCl solution and
methylene blue water can be seen in Table 4. A low flux
value indicates a low membrane permeability, so it can
be said that the membrane is more optimal in filtering the
solution, the resulting water quality is cleaner (from
impurities), especially salt molecules. and methylene-
blue molecules (natural dyes).

The filtering time of the solution greatly affects
the value of the resulting water flux, where the longer the
filtering time, the GO/SiO,-Psf membrane has a tight
pore size. The GO/SiO,-Psf membrane with a TEOS
concentration of 0,8 ml had the lowest flux value, namely
47,46 L.m2h? in NaCl solution and 51,55 L.m2.h? in
methylene blue ocean. The decrease in flux in the
membrane can be caused by the closure of several pores
in the membrane. The membrane flux will decrease as the
filtering time increases ]. The GO/SiO,-Psf
membrane with a TEOS concentration of 0,8 ml has a
tight pore size so that it is more efficient for filtering
NaCl and methylene blue solution

Figure 10. Metylene Blue solution filtration test
results (a) 1 filter, (b) 5 filters.

TABLE 4. The results of the calculation of flow flux

Time (Hour) Flux (L.m2.h")
Wt% Membrane NaCl (sea-water Metylene Blue NaCl (sea-water
syr(lthetic) Y syr(1thetic) Metylene Blue
GO/sio: (0,6) 0,13 0,12 79,37 81,30
GO/sio: (0,8) 0,17 0,16 47,46 51,55
GO/sio: (1,0) 0,15 0,14 53,71 59,88
GO/sio; (1,2) 0,16 0,15 48,88 54,05

3.8. Flow Flux of NaCl Solution and Methylene-Blue
in Water Fig. 11(a) is the result of one filter where the
methylene blue solution is still concentrated. Fig. 11(b)
is the result of 5 times filtering, where the methylene blue
solution is relatively clearer. Visually, it can be seen that
the GO/SiO,-Psf membrane can reduce or absorb
methylene blue gradually. Based on the results of the
filtration test on the methylene blue solution 5 times
filtering, the GO/SiO,-Psf membrane with a TEOS

concentration of 0,8 ml looked the brightest, it was by the
flux test that had been carried out.

The filtering time of the solution greatly affects the
value of the resulting water flux, where the longer the
filtering time, the GO/SiO2-Psf membrane has a tight
pore size. The GO/SiO,-Psf (0.8 ml) membrane had the
lowest flux value, namely 47,46 L.m2.h? in NaCl
solution and 51,55 L.m-2.h-1 in methylene blue ocean.
The decrease in flux in the membrane can be caused by
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the closure of several pores in the membrane. The
membrane flux will decrease as the filtering time
increases [47]. The GO/SiO-Psf (0.8 ml) membrane has
a tight pore size so that it is more efficient for filtering
NaCl and methylene blue solutions.
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Figure 11. Filtration model of GO/SiO,-Psf membrane:
(a) water-flow in layer graphene, (b) fresh-water after
filtrations.

In addition, the graphene structure that forms thin
sheets of net (the order of nanometers) is very effective
for filtering water molecules. GO modified with SiO2 in
the membrane system is believed to be more effective in
the filtration and absorption of pollutants in water (Fig.
11). Graphene oxide (GO) has unique characteristics that
make it an excellent material for water purification
applications. Chemically stable in water, provides high
water permeability through its 2D nanochannels, and has
excellent antifouling and antibacterial properties [48].

Graphene has unique physicochemical properties,
extraordinarily high surface area, mechanical resistance,
atomic thickness, nano-sized pores, and polar reactivity
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