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Introduction

Modified of Cellulose Acetate/Polyethylene Glycol Membrane by
the Addition of Graphene Oxide

Siti Nurkhamidah®t, Arnesya Ramadhani?, Bertiningrum Cintya Devi?, Bagus Arief Febriansyah?,
Retno Dwi Nyamiati®, Yeni Rahmawati?

Cellulose acetate (CA) has been known as a polymeric membrane for desalination membrane. Many studies have been
attempted to increase its performance. In this study, CA has been blended with polyethylene glycol (PEG) with graphene
oxide (GO) was then added into the blended CA-PEG as many as 0, 0.0025, 0.0050, 0.0075, 0.0100, 0.0125 wt.% based on
solvent. The hydrophilicity of membranes was analyzed by using Fourier Transformed Infra-Red (FTIR), whereas its
morphology was analyzed using Scanning Electron Microscope (SEM). The mechanical property was analyzed by Dynamic
Mechanical Analysis (DMA). Membrane’s performances were analyzed from their salt rejection, permeate flux, and
permeability. The analysis in the area of —OH functional group from FTIR results and water content shows that
hydrophilicity of membrane increases with the addition of GO. The morphology of membranes shows a finger-like, and
sponge-like structure with the smallest pore size is 0.02 micron, which was achieved from the addition of GO of 0.0050
wt.%. Salt rejection of membrane increases with the addition of GO up to 0.0050 wt.% and further decreased with the
increase of GO. The optimal membrane performance was achieved by the addition of GO 0.0050 % with the salt rejection
of 82%, permeate flux 626.743 L/m? h, and membrane also exhibits the mechanical property of 180.2 kPa.

Selulosa asetat (CA) telah dikenal sebagai membran polimer untuk membran desalinasi. Banyak penelitian telah dilakukan
untuk meningkatkan kinerja membran tersebut. Dalam penelitian ini, CA telah dicampur dengan polietilen glikol (PEG)
dengan graphene oxide (GO) kemudian ditambahkan ke dalam campuran CA-PEG sebanyak 0; 0,0025; 0,0050; 0,0075;
0,0075; 0,0100; 0,0125 wt.%. Hidrofilisitas membran dianalisis dengan menggunakan Fourier Transformed Infra-Red
(FTIR), sedangkan morfologinya dianalisis menggunakan Scanning Electron Microscope (SEM). Properti mekanik dianalisis
oleh Dynamic Mechanical Analysis (DMA). Kinerja membran dianalisis dari salt rejection, permeate flux, dan
permeabilitas. Analisis di bidang gugus fungsi —OH dari hasil FTIR dan kadar air menunjukkan bahwa hidrofilisitas
membran meningkat dengan penambahan GO. Morfologi membran menunjukkan struktur seperti jari, dan seperti spons
dengan ukuran pori terkecil adalah 0,02 mikron, yang dicapai dari penambahan GO sebesar 0,0050% berat. Salt rejection
terhadap membran meningkat dengan penambahan GO hingga 0,0050% berat dan semakin menurun dengan
meningkatnya GO. Kinerja membran optimal dicapai dengan penambahan GO 0,0050% dengan salt rejection 82%,
permeate flux 626,743 L/m? h, dan membran juga menunjukkan sifat mekanis sebesar 180,2 kPa.
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membranes. When the concentration of TiO, was 5.0 wt.%, the op-
timum membrane performance was obtained together with strong
mechanical properties.”"1° The experiment results show that hy-

Cellulose acetate (CA is a well-known membrane for the desalina-
tion process since it potential to produce high flux, low cost, and
good hydrophilicity.! However, the CA membranes undergo poor
chemical resistance,?2 bad thermal stability, and low antifouling
properties, thus resulting in the short life of membranes and de-
creasing of membrane performance such as permeability and re-
jection.34

In order to improve its performance, CA was blended with na-
noparticle to decrease pore size as well as to increase membrane
performance.>® Titanium dioxide (TiO,) was also added to polymer
the increase of water flux due to the enhanced hydrophilicity in the
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drophilicity of the CA/PEG membrane increases with the addition
and the increase of CNT contents. Flux permeates, and permeability
of membrane increases with the increasing of CNT levels, and sili-
con dioxide (SiOz) endows the membranes with high comprehen-
sive properties including surface hydrophilicity, pure water flux,
anti-compression property and mechanical strength.1?

To the best of our knowledge, blending PEG with CA has not
been evaluated yet. This study aimed to blend CA with polyethylene
glycol (PEG) to improve its property on salt rejection and flux per-
meation. PEG was used since its hydrophilic material. Furthermore,
to increase salt rejection, graphene oxide (GO) was added to the
CA/PEG membrane via the grafting method. Membrane properties
and their performance were evaluated in this study.
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Experimental Methods

Materials

Cellulose acetate (CA, 30,000 Da, with acetyl content 39.8%) and
polyethylene glycol-400 (PEG, 400 Da) were purchased from Sigma
Aldrich. Graphene oxide (GO) with a bulk density of 1.8 g cm3, was
purchased from Sigma Aldrich. Acetone and dimethylformamide
(DMF) were used as solvent and water as nonsolvent. NaOH was
purchased from Sigma Aldrich. CICH,COONa was purchased from
Sigma Aldrich. HCI was purchased from Sigma Aldrich.

Method
Grafting Method

An amount of 3.75 g of NaOH and 3.75 g of CICH,COONa were dis-
solved in a 300 mL GO suspension (1 mg mL1), then sonicated for
2.5 hours, followed by neutralization with 0.1 M HCI. The resulting
GO (GO-COOH) suspension was purified by repeated rinsing and
centrifugation (15,000 rpm for 7 min) then heated at 100 °C. PEG of
1.5 g dissolved in 30 mL dichloromethane, add 0.06 g of dimethyla-
minopyridine, and GO-COOH dissolved in 20 mL of DMF then stirred
for 5 minutes 0.5 g DCCis dissolved in 5 mL of dichloromethane and
added to the GO-COOH solution after that stirred for 24 hours at
mild temperatures. Repeated rinsing then heated to 100 °C, pro-
duced GO Grafting.12

Membrane CA/PEG/GO

Preparation of the CA/PEG polymer membrane with ratio 80/20
was prepared by mixing 2 g of CA and 0.5 g of PEG in 17 mL ace-
tone/DMF 50/50. GO grafting was added by dissolving GO in a
CA/PEG membrane solution with GO variable composition 0,
0.0025, 0.0050, 0.0075, 0.0100, and 0.0125 wt.% of the solvent and
it was named as CGG 0, CGG 1, CGG 2, CGG 3, CGG 4, and CGG 5,
respectively. The solution was then mixed using a hotplate at 70 °C
for 12 hours to cast and immersed in water to produce a flat sheet
membrane.

Membrane Characterization

CA/PEG/GO membrane characterization was observed by its hydro-
philicity, by Fourier Transformed Infra-Red (FTIR), the membrane is
inserted into the FTIR device and analyzed, then reading graphs
formed to observe OH group, while its morphology was observed
by using Scanning Electron Microscopy (SEM), the membrane is
dipped in liquid nitrogen during a few seconds later it was broken
and then the membrane is coated in advance with AuPd. Samples
are then analyzed by SEM instrument.

Membrane Performance

Salt rejection is the efficiency of membrane and its ability to re-
move contaminates, and calculated by using the equation below:

%« 100% (1)
Cy

R:

where R is the percentage of salt rejection, C, (in ppm) is the salt
concentration in permeate, G (in ppm) is the salt concentration in
the feed water. The permeate flux (J) represents the amount of
pure water collected per unit time and per unit area at variable
pressures. It was calculated by equation below:

J=2xa )
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Where J is the permeate flux (mL/m2 h), Q is the amount of perme-
ate (mL), tis the time, and A is the area (m2).

Result and Discussion
Fourier Transformed Infra-Red (FTIR)

Fourier Transformed Infra-Red Spectroscopy (FTIR) is a method of
analysing chemical compounds using infrared light. FTIR analysis re-
sults for CA/PEG membranes with the addition of GO using the graft-
ing method can be seen in Figure 1. The —OH group is indicated by a
peak at the wavelength 3000-3700 cm1, C-O group at 1100 cm™,
C-0-Cgroup at 1240 cm?, and C=0 group at 1600—-1800 cm1. Mem-
brane hydrophilicity can be seen from FTIR analysis that was shown
by the presence of hydroxyl groups. The peak area of —OH group
calculations is presented in Table 1. CGG1 has a similar —OH area
with membrane CGGO. However, the higher the GO content, the
higher the peak area of —OH group. Based on the peak area of the
FTIR, it shows that the addition of GO increased the hydrophilicity
of the CA/PEG membrane because the addition of GO will increase
—OH groups and C—0—C groups so that the resulting peak area is get-
ting wider.
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Figure 1. FTIR spectra of CA/PEG/GO membrane.

Table 1. Peak —OH area on the FTIR spectra CA/PEG/GO membrane

Membrane Peak Area (area unit) Deviation (%)
CGGO 1.87
CGG1 1.86 -1
CGG 2 1.88 1
CGG3 1.89 1
CGG 4 2.25 20
CGG5 2.48 33

From the SEM micrographs in Figure 2, the morphological struc-
ture of the membrane in the fractured surface can be observed.
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Pore size variations due to the addition of GOs affected membrane
porosity resulting in the increasing of finger-like pore size and the
reduction of wall thickness, which increased membrane permeabil-
ity. Increased porosity is also caused by GO's hydrophilic nature,
provides wider pores.!* The addition of GO the CA/PEG membrane
increased the viscosity of the membrane, caused a slower de-mixing
process, which is further changed to membrane porosity.

Scanning Electron Microscopy Characterization (SEM)
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Figure 2. SEM micrographs of CA/PEG/GO membranes.

Salt rejection, Flux Permeate, and Permeability
Salt rejection and Flux Permeate

Salt rejection and flux permeate on the CA/PEG/GO membranes by
grafting method can be seen in Figure 3. Salt rejection of the CA/PEG
membrane increased with the addition of GO. The highest salt re-
jection, 82%, achieved from the CGG 2 membrane. An increase in
salt rejection was due to the addition of GO and further increased
its sponge-like pore volume.12 However, optimal for the addition of
GO is 0.005% wt, more than that such as CGG 3, CGG 4, and CGG 5
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membrane hydrophilicity will be higher and decreased salt rejec-

tion.
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Figure 3. (a) Salt rejection and (b) flux CA/PEG/GO membranes.

Permeate flux of CGG 2 is low. This is due to the small pore size.
A similar high permeate flux occurred in CGG 3 and CCG 4. However,
the permeate flux of CGG 5 is high. This result is in agreement with
FTIR analysis. CGG 5 has a wider —OH area indicating this membrane
is hydrophilic. The highest flux value is CGG 5, with the highest GO
content of 0.0125 wt%. CGG 0 and CGG 1 also have high flux values.
This is because the pore sizes of CGG 0 and CGG 1 are quite large. A
Large pore is an effect of adding CA/PEG because it has the potential
to produce high flux and good hydrophilicity.!

Permeability

The results of the CA/PEG membrane permeability by grafting
method showed a tendency to decrease the permeability of this
membrane. The lowest permeability value is CGG 4 with the addi-
tion of GO 0.010 wt% of the polymer, and the highest permeability
value is CGG 1 of 0.001648 L/m2 h kPa with GO content of 0.0025
wt%. The decrease in permeability is thought to occur due to the
clumping of layers from GO which causes the path through which
water molecules in the membrane become longer and winding,3 so
the addition of GO will reduce the permeability value of the mem-
brane.
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Figure 4. Permeability CA/PEG/GO membrane with grafting
method.

Dynamic Mechanical Analysis (DMA)

DMA analysis used to measure the mechanical and viscoelastic
properties of the membrane. Figure 4 shows the mechanical prop-
erty of CA/PEG/GO membranes. The membranes with GO addition
of 0.0025 and 0.0050 wt% of the solvent are able to handle more
tensile stresses before permanent deformation occurs. It can be as-
sumed that a small concentration of GO increases the pressure on
the membrane. However, a higher concentration had an adverse ef-
fect on the membrane, thus caused it to fail under less stress.14
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Figure 5. Tensile strength results of CA/PEG/GO membranes.

Conclusions

The addition of GO by grafting method has an effect on the in-
crease of hydrophilicity of CA/PEG membranes. The highest
hy-drophilicity value was on CGG 5 with the addition of
0.0125% GO, indicated by the high area value of the —OH
group, which is 2.48 (area unit). In our experiment, the optimal
GO addition was CGG 2, which was marked by the highest
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value of salt rejection. CGG 2 with addition of 0.005% GO show
highest salt rejection 82%, permeate flux of 626.743 L/m?2 h,
and permeability of 0.00058 L/m? h kPa CGG 2, as well as ex-
hibits the best mechanical property.
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