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ABSTRACT

Arsenic contamination poses a major public health concern and harms the environment with its toxicity.
Long-term exposure to a high concentration of arsenic is harmful to human health as well as environmental
biodiversity. This study is aimed to fabricate and investigate the possibility of polyethersulfone-graphene
oxide-polyvinyl pyrrolidone (PES-GO-PVP) nanocomposite adsorptive membrane and use it to enhance
the removal of arsenic from wastewater. The nanocomposite membrane in this study was fabricated via
the non-solvent induced phase separation (NIPS) method with the addition of polyvinylpyrrolidone (PVP)
as a pore-forming agent. Based on the characterization results of GO through Fourier-Transform Infrared
Spectroscopy (FTIR), X-ray diffraction (XRD), and Raman spectroscopy, the existence of a high quantity
of oxygen-based functional groups with a high degree of oxidation was observed, which indicated that
the GO was well-synthesized. The characterization of the nanocomposite membrane indicated that
the addition of GO and PVP could impact the membrane hydrophilicity and mechanical stability. Three
adsorption parameters (initial concentration of arsenic, pH, and contact time) were then optimized
using a face-centered central composite design (FCCCD). The arsenic removal efficiency of 88.6 % was
obtained with 55 mg/L of initial arsenic concentration, at pH 8 and 75 minutes of contact time between
PES-GO-PVP membrane and the arsenic-contaminated wastewater. The Langmuir isotherm model fitted
the equilibrium data, describing the monolayer adsorption mechanism that occurred on the surface of
the nanocomposite membrane. Therefore, the results obtained in this study prove the suitability and
promising potential of the GO modified membrane for the effective removal of arsenic through adsorption.
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INTRODUCTION

Heavy metal pollution such as arsenic
contamination is one of the global health concerns.
There are several regions in the world where arsenic
contamination in drinking water is significant
as arsenic exists naturally in their groundwater
[1]. Industrial activities tend to also contribute
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to arsenic contamination to the water source [2-
4]. Treatment for arsenic removal in wastewater is
required to reduce the risk of health hazards and to
preserve aquatic life. According to the World Health
Organization (WHO) report in 2018, long-term
exposure to a high level of arsenic in drinking water
can cause skin diseases, hyperkeratosis, pulmonary
and cardiovascular diseases. Existing technologies
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such as ion exchange, coagulation-flocculation,
electrochemical treatment, chemical precipitation,
and adsorption have been explored and utilized to
remove heavy metals from wastewater. Many studies
explored bioremediation with algae for removing
arsenic [5]. However, the major drawbacks of most
of these methods are the production of toxic by-
products, a need for a regular exchange of expensive
components, and incomplete pollutant removal
[6-9]. Among the listed methods, adsorption has
been proven to be one of the simplest and effective
treatments and the most cost-effective for sustainable
pollutant removal [2]. In order to synthesize
enhanced adsorbents for arsenic removal, the work
of Imran et al. [10] and Igbal et al. [11] are notable.
However, a membrane filtration process is necessary
to follow up the adsorption process to remove the
adsorbed pollutants.

Membrane technology with a dual function of
adsorption and filtration had been rapidly studied
due to its potential of efficiently removing heavy
metals from wastewater [12]. Therefore, adsorption
along with filtration through an efficient adsorptive
membrane is an added advantage in the wastewater
treatment system reducing the need for an
additional filtration step. Hence, this study explores
the synthesis and application of an -effective
adsorptive membrane.

In the wastewater treatment industry,
membrane separation techniques such as
microfiltration, ultrafiltration, and nanofiltration
are widely used as pre-treatment and subsequent
treatment of wastewater and seawater desalination
processes [13]. Limitations that are faced in these
processes include that the membrane used is prone
to fouling and low surface hydrophilicity, especially
in treating wastewater contaminated with heavy
metals [8]. Modification of polymeric membranes
with nanomaterials is being studied extensively due
to the great sorption ability between nanomaterials
and heavy metals, and the resulting high surface
area, high porosity, and interconnected porous
structure [2,14,15]. The use of nanomaterials to
enhance the polymeric membrane properties has
attracted researchers to conduct several studies in
fabricating the optimum adsorptive membrane for
removing heavy metals from wastewater. Graphene;
a nanomaterial, is a two-dimensional, hexagonal
lattice made up of carbon atoms on the atomic scale
[16]. Naturally, graphene is hydrophobic but when
narrow pores are constructed in it, rapid water
permeation can take place [17]. However, limitations
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in nanoporous graphene’s mechanical stability are
a major drawback as water permeability increases
with increased pore quantity. Alternatively, GO, a
highly oxidized form of graphene, has been studied
due to its easy dispersion in an aqueous solution
as the oxygen moieties make GO hydrophilic [17].
GO-based materials have been extensively used for
wastewater treatment due to enhanced active sites
with the oxygen-based functional group present on
the surface that increases its adsorption capacity
[18]. GO can be produced by chemically exfoliating
graphite without the use of complex apparatus and
catalysts [11]. Therefore, additional purification
step such as acid treatment is not required as
graphene is free of catalyst impurities. Besides, with
the attachment of strong functional groups namely
hydroxyl and carboxyl groups on the GO surface,
the membrane becomes a potential adsorbent for
the removal of heavy metals.

Polyethersulfone (PES) is one of the materials
that is widely used in the fabrication of membranes
for wastewater treatment and medical applications
due to its excellent mechanical and thermal
properties in both hot and wet environments [19].
The use of polyvinylpyrrolidone (PVP), as an
additive in polymeric membranes, has also been
explored due to its high compatibility properties
with solvents, pore expansion capacity, and ability
to improve membrane hydrophilicity [20,21]. Not
many studies have been undertaken to explore
the ability of PES-PVP membrane enhanced with
GO to explore the adsorption ability for removing
heavy metals, namely arsenic. Furthermore, the
lack of information on the interaction between the
membrane and the adsorbate remains a significant
challenge to our understanding of the resulting
adsorption mechanisms of the PES-GO-PVP
adsorptive membrane. Therefore, this study aims
to fabricate and characterize the PES-GO-PVP
nanocomposite adsorptive membrane and use it
to enhance arsenic removal from wastewater and
to study the governing adsorption mechanism.
The membrane fabrication was carried out using
the non-solvent induced phase separation (NIPS)
method. Then, the optimization of adsorption
parameters, and adsorption isotherms were
investigated on synthetic wastewater solution
containing arsenic to explain the mechanism of
arsenic ions adhering onto the modified PES-GO-
PVP nanocomposite adsorptive membrane when
influenced by critical experimental factors such as
pH, contact time, and initial arsenic concentration.
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MATERIALS AND METHOD
Chemicals
Graphite powder (particle size < 50

pm), sodium nitrate (NaNO,; 99%), sodium
hydroxide (NaOH), hydrogen peroxide (H,O,
30% aqueous solution), sulphuric acid (H,SO,;
98%), hydrochloric acid (HCL 37%), sodium
arsenite (NaAsO,; 99%), potassium dichromate
(K,Cr,0.; 98%) and polyvinylpyrrolidone (PVP)
(MW = 40,000 g mol-1) were utilized for pore
formation in the membrane fabrication and N,
N- dimethylformamide (DME 99.5%) was used
as solvent. These chemicals were purchased
from R&M Chemicals, Canada. Potassium
permanganate (KMnO; 99%), was purchased from
Chemiz, Malaysia. The design of the experiment,
process optimization, and statistical analysis was
carried out using Design Expert® software version
6.0.8 (STAT-EASE Inc. Minneapolis, USA).

Graphene oxide (GO) synthesis

GO was synthesized following Hummer’s
method with some modifications [22]. 115 mL of
H,SO, was added to 5 g of graphite and 2.5 g NaNO,
in a 2-liter beaker. Then, the mixture was stirred for
120 minutes at room temperature at a constant speed
of 500 rpm. Next, the mixture was relocated to an
ice bath to decrease the temperature to below 10 °C.
After that, 20 g of KMnO, was added slowly while
stirring the mixture at 500 rpm speed for 2 h. Then,
the temperature was raised to 35 °C and stirred for
1 h followed by the dilution of the mixture using
230 mL of deionized water at constant temperature
(90 °C) and was stirred for 1 h and continued with
another 250 ml of deionized water for further
dilution. Next, the temperature was decreased to
60 °C before 10 mL of 30% H,O, was added to the
mixture to remove the remaining KMnO,. Finally,
for purification, the mixture was washed using 5%
HCl followed by deionized water by centrifugation
method (Thermo Scientific Sorvall X1R Centrifuge,
USA). The solution was washed consecutively to get
the near-neutral pH value. After that, the sediment
from the centrifugation process was freeze-dried
to obtain GO in powdered form with fine dark-
brownish color.

Fabrication of membrane by phase inversion
technique

Dope polymer composition was prepared to
fabricate the PES-GO-PVP membrane. 0.5 wt.%
of GO was mixed with dimethylformamide (DMF)
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solvent and the solution was sonicated for 1 hour at
20 °C. Then, 17 wt.% of PES and 0.5 wt.% of PVP
were added into the solution and mixed using a
magnetic stirrer for 24 hours [23]. The PES-GO-
PVP membrane was fabricated using the NIPS
technique. First, the stainless-steel casting blade
and glass plate (210 x 297 x 5 mm) were sterilized
with 70% ethanol. Then, the casting solution was
poured on a glass plate to cast the membrane of 0.2
mm thickness. After 15 seconds of pre-evaporation
at room temperature, the glass plate was immersed
into the non-solvent bath (coagulation bath) and
kept in the container for up to 24 h. The fabricated
membrane was kept in a container with deionized
water and stored in a chiller, before its usage.

Characterization of GO and membrane

Characterization of the synthesized GO powder
and membrane was achieved by conducting FTIR,
Raman spectroscopy, XRD, and SEM analyses.
Analysis of the functional groups in the samples was
performed using a Nicolet iS50 FTIR spectrometer
(Thermo Scientific, Massachusetts, US). The Raman
spectra were obtained by Renishaw inVia™ Raman
Microscope (Gloucestershire, UK) with a laser
power of 50%, 785 nm edge wavelength. Powder
X-ray diffraction (XRD) spectroscopy was carried
on D2 Phaser 2nd Gen, Bruker and operated with
0.25 s of time/step at 30 kV using Cu Ka radiation
(wavelength = 1.5406 A). The surface and cross-
section morphology of the GO and membrane
were observed by SEM (JSM-IT 100, Jeol, Japan)
after coating with a thin gold film using a sputter
coater device (Q-SC7620, Quorum Tech Ltd.
London). To reveal the cross-section images under
SEM, liquid nitrogen was used to immerse the
membranes for several seconds and then cut with
a stainless-steel knife before observation through
SEM. To determine the membrane mechanical
stability, the dumbbell-shaped membrane samples
(bare PES and PES-GO-PVP) were inserted into
the grips fitted with cardboard and epoxy glue
to maximize the contact adhesion with samples
using a universal tensile machine (AGS-X Series,
Shimadzu, Japan). The speed was set at 1 mm/
min. The optimal amount of GO for introduction
in the nanocomposite membrane and the study
of membrane hydrophilicity has been previously
reported [24].

Standard curve preparation
A standard curve or also known as a calibration
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Table 1. Range of values for each factor

Range of values

Factors Units -
Low High
Initial concentration of arsenic mg/L 10 100
pH - 4 12
Contact time min 10 140

curve is required to relate absorbance with substance
concentration, which is arsenic concentration in this
work. A linear relationship between the physical
quantities is required to find the final concentration of
the treated sample. First, sodium arsenite (NaAsQO,)
stock solution was prepared by dissolving 0.5 g of
sodium arsenite with 500 ml of deionized water. A
set of arsenic concentrations (in the range of 10 to
100 mg/L) was prepared for the standard curve. 0.01
g of potassium dichromate (K,Cr,0,) was added to
100 ml deionized water and was used as a coloring
agent to the arsenic solution for absorbance reading.
The absorbance readings were taken using a UV-Vis
spectrophotometer at a wavelength value of 430 nm.
The graph for the standard curve was then generated
as shown in Fig. 6.

Design of experiment

Response Surface Methodology (RSM) was
utilized to design the batch adsorption experiment.
The design of the experiment was performed
using Design-Expert 6.0.8 software in which the
face-centered central composite design (FCCCD)
method was applied for its effectiveness in the
optimization of the adsorption parameters.
Three factors were selected to study the effects of
parameters namely initial arsenic concentration,
pH, and contact time on the percentage of
arsenic removal from synthetic wastewater. The
range of values for each factor is selected based
on the previous report [3] and shown in Table 1.
Percentage removal (%) was chosen as the response
variable. 20 experimental runs were carried out in
total.

Batch adsorption test

The batch adsorption test was performed
to investigate the combined effect of the three
parameters which are the initial concentration of
arsenic, pH, and contact time. By conducting a
batch adsorption test, the ability of the fabricated
nanocomposite adsorptive membrane to remove
arsenic was observed. It was carried out based
on the 20 runs of experiments generated by
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Design-Expert 6.0.8 software. First, the initial
concentrations of arsenic (10, 55, and 100 mg/L)
with a final volume of 100 ml were prepared by
diluting 1000 ppm arsenic stock solution with
deionized water in a 250 ml conical flask. The pH
value was then adjusted to pH 4, 8, and 12 using 1
M of NaOH and 3% of HCL. The membrane was cut
into small pieces (with a total weight of 0.4 g) with
a dimension of 1.5 x 1.5 cm squares and added into
each conical flask. A laboratory shaker was used to
agitate the mixture at 250 rpm for the contact times
of 10, 75, and 140 minutes. Then, the sample was
extracted and measured for its absorbance using
UV-Vis Spectrophotometer to obtain the final
arsenic concentration. The percentage removal was
calculated using Equation (1).

G, -C,
Removal (%) =———="x100 ()
0
Where C,is the initial concentration of arsenic,
while C, is the final concentration of arsenic.

Adsorption isotherm

The resulting adsorption isotherm in the
adsorption process was identified after obtaining
the optimum conditions from the design of the
experiment (DOE). 100 ml of varying initial
concentrations of arsenic (20, 40, 60, 80, and 100
mg/L) were prepared in each conical flask. The pH
value was calibrated to a fixed pH value of 8. The
0.4 g weighted membrane was added to the solution
and the mixture was agitated at 250 rpm for 75
minutes. The treated sample was then extracted,
and the absorbance reading was taken to determine
the final concentration. Two isotherm models
were used in this work to study the adsorption
mechanism, namely Langmuir and Freundlich. The
linear regression value, R? was calculated for both
models to determine the model with the best fit.

The Langmuir isotherm assumes monolayer
adsorption onto an adsorbent surface, and is
expressed in Equation (2):
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where C is the solute concentration at
equilibrium (mg/L), q, is the corresponding
adsorption capacity (mg/g), g, is the maximum
adsorption capacity (mg/g) and K| is the Langmuir
isotherm constant (L/mg) [25]. By plotting 1/q,
against 1/C,, the values of Langmuir constants, K
and q_, can be calculated.

The Freundlich isotherm model, which
describes multilayer adsorption, is the earliest
known relationship describing non-ideal and
reversible adsorption [25]. The linear form of the
Freundlich model is shown in Equation (3):
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logq, =log K, +l log C, 3)
n

where K and n are constants that determine the
adsorption capacity and intensity, respectively [16].
By plotting log(g,) against log(C,), both Freundlich
constants of K and # can be calculated.

RESULTS AND DISCUSSION
Physicochemical Characterization of GO

Several characterizations of GO were conducted
to confirm whether GO was well synthesized using
FTIR, Raman spectroscopy, XRD, and SEM. The
details of the results are discussed in the following
sub-sections.
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FTIR Analysis

The FTIR spectrum for GO is presented in
Fig. 1a). The FTIR spectrum of GO exhibits the
presence of functional groups such as hydroxyl,
carboxyl, and epoxy. The highest band is at 3372.54
cm™ that shows the existence of the hydroxyl (-
OH) group which contributes to the hydrophilicity
of GO. At 2882.79 cm’, the peak depicts the
aliphatic C-H bond of GO. Meanwhile, peak
2817.65 cm™ represents the C-H bond stretch off
carboxyl group, C=0 and the 1718.65 cm™ peak
shows the presence of carboxyl group (-COOH).
The peak of 1618.69 cm™ shows the double bond of
(—C=C). The epoxy group (C-O-C) was located at
1224.73 cm™ and the lowest peak of 1060.78 cm-1
represents the alkoxy group (—CH-O). This result
agrees with other commercialized GO and several
findings of synthesized GO, which also contained
carboxyl, epoxy, and hydroxyl groups [22,26,27].
The functional groups with a high oxygen content,
with hydroxyl and carboxyl groups, could be
attributed to the fact that the GO was successfully
oxidized during GO synthesis [22]. These polar
oxygen functional groups in GO provide strong
hydrophilic property, which contributes to the good
dispersibility of GO in water and other solvents
[27]. Moreover, the formation of epoxy groups in
GO synthesis along with the hydroxyl and carboxyl
groups is the result of an increase in the oxidation
process [28].

The wavenumbers of 2817.65 cm™ and 1618.69
cm! reveal the existence of aliphatic and aromatic
bonds of GO, respectively. The aromatic ring of
the adsorbate molecule, commonly acting as an
electron acceptor, has been reported to improve
the adsorption process [29,30]. The presence
of the carboxyl group, which is represented by
the wavenumber 1718.65cm”, indicates the
mechanism of exfoliation that occurred due to
CO, expansion during the rapid heating process
[22,31]. The graphitic structures were exfoliated to
allow the entrance of oxygen during the oxidation
process [31].

The characteristic peaks of PES structures
observed through FTIR analysis include a benzene
ring, ether, and sulphone bond (3000-3300 cm™).
The FTIR spectra of PES-GO-PVP nanocomposite
membranes were found to be similar to bare PES
membranes with an additional broader O-H
peak at around 3391 cm’. The band at 1651 cm™
is assigned to the vibrations of the adsorbed
water molecules and the contributions from the
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vibration of aromatic C=C. This specifies that the
composite PES membrane is more hydrophilic as
compared to the bare PES membrane [32] (7). As
GO was added, the O-H stretching peak became
wider and stronger. The FTIR spectra of PES-GO-
PVP composite membranes confirm the presence
of GO peak, which further indicates the effective
incorporation of GO into the PES matrix.

Raman Spectroscopy Analysis

Under Raman spectroscopy, GO is characterized
by a G band at a spectrum attributed to the E2g
phonon of the sp? carbon atoms and a D band
which represents the breathing mode of k points
phonon of Alg symmetry [33]. The existence of the
D band indicates the disorder from certain defects
including n-m interaction and amorphous carbon
species [22,33]. The quality of the product and
oxidation degree of GO can be reflected in Raman
spectra by the relative intensity ratio of D peak to
G peak (ID/IG ratio), which is a high-intensity
ratio indicating high oxidation. From the result
displayed in Fig. 2, ID/IG ratio value is shown as
1.18 where the D band is at 1339 cm™ and the G
band is at 1584 cm™.

XRD Analysis

From the XRD graph analysis, the graphite
sample showed a peak of 26.44° corresponding
to d = 3.35 nm and from the GO sample this peak
has disappeared and the peak of produced GO is
at 10.29° with the value of d-spacing is 8.59 nm
(Fig.3). This result indicated that the oxidation of
graphite to graphene oxide was successful, where
the diffraction peak of graphene oxide shifted from
26.44° to 10.29° where the introduced functional
groups on GO increased the distance between the
layers, therefore, increasing the d-spacing value.
This result agrees with previous studies which
also reported that the XRD pattern of the graphite
exhibited a diffraction peak at 20 approximately
27° which is equivalent to an interlayer spacing
(d-spacing = 0.34 nm) [28,34,35]. When the
oxidation of graphite occurred, the diffraction
pattern of graphite (27°) disappears due to the
lattice distortion during oxidation reaction with
an increase in the spacing between the graphene
layers, followed by the peak shift to around 10.0
-11.4° corresponding to oxidation of graphite
to GO [28,36]. Hence, the XRD analysis in this
work proves that the graphite was fully oxidized
to form GO and no graphite trace on the XRD
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pattern of GO was observed. The diffraction
pattern and interlayer spacing value of GO were
within the range in the previously reported studies
[22,28,37].

SEM Analysis

Theoretically, GO has a larger surface area,
higher solubility, as well as the capability of
surface functionalization, which opened up a lot
of possibilities for nanocomposite materials [38]. .
The SEM analysis of GO, is shown in Fig. 4.
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The SEM micrographs of GO synthesized by a
modified Hummers process in Fig. 4 clearly show
that GO is made up of randomly aggregated and
crumpled areas, as well as wrinkled and folded
areas on the GO surface in 1ym image scale. This
result confirms that the graphite was exfoliated
thoroughly throughout the oxidation process to
produce GO [39,40]. The SEM morphology also
indicates that the GO was thicker at the edges due
to the hydroxyl and carboxyl functional groups
[41]. These oxygenous functional groups (-OH-
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Fig. 4. SEM images of x10 000 magnification of produced GO

or -COOH-) were the key factors that enhanced
the adsorption process of metal ions where the
adsorption affinity increased using electrostatic
interaction, ion exchange, and surface complexation
mechanisms [42]. It was reported that the oxygen-
containing functional groups positioned at the
edges of GO, mainly contributed to the surface
complexation where the adsorption process is
governed by chemical adsorption between lead ion
and GO [42,43]. Moreover, the folded areas on the
GO surface considerably influence the membrane’s
performance in terms of water uptake, mechanical
properties, and proton conductivity due to the
formation of interfacial hydrogen bond between
the oxygen-related functional group in GO and
polymer which then could lead to proton diffusion
[40].

Characterization of membrane

Scanning electron microscopy (SEM) was
used for analyzing the surface morphology of the
fabricated membrane which were bare PES and
PES-GO-PVP membranes. The surface and cross-
section morphology of the bare PES showed a
spongy-like porous structure (Fig. 5a and b). In
Fig. 5¢, the surface of the PES-GO-PVP membrane
shows the monodispersed GO nanoparticles on the
membrane surface while in Fig. 5d the cross-section
morphology of PES-GO-PVP nanocomposite
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demonstrated the existence of the asymmetric
structure with the thin dense top layer and finger-
like structure with porous sublayer. The addition
of GO and PVP increased the hydrophilicity
of the membrane and improved the membrane
adsorption performance [44,45].

Mechanical stability

A tensile test was performed to determine
the mechanical stability of the PES-GO-PVP
membrane. Mechanical stability is a crucial
property of the membrane as it determines its
ability to withstand the high pressure of the
working conditions.

In Fig. 6, the PES membrane exhibits 1.33 MPa
of ultimate strength (in terms of stress). This value
is slightly low compared to the PES hollow fiber
membrane (1.45 MPa) from the previous finding
[46] but a higher value than the PES membrane
studied by Mataram et al. [47] which is 0.523 MPa.
For the PES-GO-PVP nanocomposite membrane,
the ultimate strength is 1.45 MPa which is slightly
higher than that of the bare PES. This suggests
that the synergistic effects of the GO and PVP
nanocomposite led to a more uniform dispersion in
the dope solution and therefore, is more covalently
bonded to the PES matrix [48]. This value was
comparable with the PES-GO membrane which
falls in the range of 0.84 — 2.55 MPa [49]. However,
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Table 2. Concentration and absorbance reading for standard curve.

Concentration of arsenic (mg/L) Absorbance
10 0.130
20 0.131
30 0.137
40 0.143
50 0.151
60 0.155
70 0.157
80 0.162
90 0.168
100 0.177

Table 3. Percent removal of arsenic for 20 runs of experiments.

Contact . . . X Percent
Run i pH  Initial concentration, C, (mg/L)  Final concentration, Cr(mg/L)
time removal (%)
1 75 12 55 38.6 42.5
2 10 4 100 93.6 6.8
3 75 8 55 32.7 68.3
4 140 12 10 7.9 27.1
5 10 4 10 9.3 7.2
6 10 12 100 84.2 18.7
7 140 4 10 9.4 6.5
8 75 4 55 35.8 53.7
9 75 8 55 29.2 88.6
10 75 8 55 30.7 79.4
11 75 8 55 30.5 80.3
12 10 12 10 9.3 7.4
13 75 8 55 30.6 79.7
14 10 8 55 39.8 38.3
15 75 8 55 29.6 85.8
16 140 12 100 80.1 249
17 140 8 140 34.3 60.4
18 75 8 75 6.0 67.3
19 75 8 75 70.4 42.1
20 140 4 140 92.9 7.6

other findings on the tensile strength of PES-GO
and PSF-GO nanocomposite showed relatively
higher values, which were 11 MPa and 4.06
MPa, respectively. The differences in the tensile
strength values were due to the low molecular
weight (75kDa) of the utilized PES in this work,
thus, indicating that the mechanical properties
commonly depend on many factors such as chain
structure, molecular weight, and crystallinity [50].
Standard curve for arsenic analysis

The absorbance reading for the concentrations
of arsenic ranging from 10 to 100 mg/L was
measured using a UV-Vis spectrophotometer as
tabulated in Table 2.

From the tabulated data of concentration and
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absorbance readings in Table 2, a standard curve,
or also known as a calibration curve, was generated.
The graph shows the relationship between the
arsenic concentration and its corresponding
absorbance. Based on the graph in Fig. 6, the final
concentration of arsenic can be obtained from
Equation (4):
y=0-0005 x + 0-1227 (4)
where y represents the absorbance value and
x is the corresponding arsenic concentration. The
regression value obtained was 0.9848, and as it is
approaching 1, the reliability of the standard curve
is proven.

Batch adsorption test
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Fig. 8. Schematic representation of arsenic removal through PES-GO-PVP membrane adsorption. Adapted from [56].

The percentage removal for 20 runs of
batch adsorption experiments was calculated
and summarized (Table 3). The highest arsenic
percentage removal of 88.6% was obtained at run
number 9, where the initial arsenic concentration
was 55 mg/L at pH 8 and contact time was 75
minutes. Arsenic removal efficiency increased
from 10 mg/L to 55 mg/L of initial concentration
and then decreased gradually as the initial
concentration of arsenic increased up to 140 mg/L.
This was due to the non-availability of active
binding sites on the surface of the adsorbents,
and it had reached the equilibrium state [3]. This
phenomenon is delineated in the adsorption
isotherm graph as shown in Fig. 10 where the
adsorption capacity increases proportionally with
the initial arsenic concentration until it reaches a

J. Water Environ. Nanotechnol., 6(2): 121-137 Spring 2021

plateau at 60 mg/L. pH is the most important factor
to investigate metalloid speciation and sorption.
The ionic charge of arsenic ions, GO nanoparticle
and nanocomposite membrane differs at different
pH conditions. At lower pH (pH 4) the arsenic
removal was lower compared to pH 8, indicating
that the adsorption of arsenic was more favorable in
alkaline solution. This was due to the high amount of
hydroxyl ions in an alkaline solution that increases
the interaction between the functional groups on
the nanocomposite membrane and arsenic ions
[51]. Notably, at pH 12, the removal rate of arsenic
was lower than that of pH 8. This result was most
likely caused by the deprotonation rate of GO
embedded in the nanocomposite membrane, which
results in greater electrostatic repulsion and weak
interaction among the nanocomposite adsorptive
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Table 4. Analysis of variance (ANOVA) values.

Source Sum of Squares DF Mean Square F Value Probability > F
Model 15989.81 6 2664.97 28.44 <0.0001 significant
A 23.72 1 23.72 0.25 0.6233
B 150.54 1 150.54 1.61 0.2272
C 231.36 1 231.36 2.47 0.1401
A? 862.88 1 862.88 9.21 0.0096
B? 1625.67 1 1625.67 17.35 0.0011
C? 1462.81 1 1462.81 15.61 0.0017
Residual 1218.13 13 93.70 - - -
Lack of fit 973.83 8 121.73 249 0.1648 Not significant
Pure error 244.29 5 48.86
Cor total 17207.94 19

membrane, GO nanoparticles, and arsenic ions as
reported in several studies[52,53]. The adsorption
capacity increased with the contact time, and the
equilibrium was reached after 75 minutes when the
highest arsenic percentage removal was achieved.
Then, increasing contact time from 75 to 140
minutes led to a decrease in adsorption capacity. As
time progresses, the surface of the nanocomposite
adsorptive membrane becomes saturated with
arsenic, and the adsorption equilibrium that
was achieved, causes the percentage removal to
decrease gradually [54,55]Fig. 7 depicts a schematic
diagram of arsenic adsorption on the PES-GO-
PVP membrane surface.

Statistical analysis
Thepercentageremovalforarsenic wasevaluated
based on the response generated by Design-
Expert software. The result of analysis of variance
(ANOVA) was used to determine which model
gave the best data fit. Table 4 shows the ANOVA
and optimization conditions for the removal of
arsenic from the PES-GO-PVP nanocomposite
adsorptive membrane. The statistical significance of
mean square ratio variation due to regression and
residual errors was evaluated using the ANOVA
technique. It was observed that some factors
exhibited significant effects (p<0.05), while others
were attributed to non-significant effects (p>0.10).
The effects of parameter A on parameters B and
C were observed. The tabulated results showed
that factors B and C, which are pH and initial
concentration, respectively, are significant model
terms with high regression values. Meanwhile,
the insignificant factor A (contact time) does not
affect the output significantly. The model equation
which is in the quadratic form presented a high R
of 0.9292 showing that 92.92% of the variations
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in arsenic removal efficiency could be explained
by the independent variables: contact time, pH,
and initial arsenic concentration. Moreover, the
model depicted that the predicted R’ of 0.7869
was in reasonable agreement with the adjusted R?
value of 0.8965, which indicated that the model
developed was successful. Adeq. Precision is a ratio
of the signal to noise where a ratio greater than 4
is desirable. The ratio obtained was 13.152, hence,
indicating an adequate signal that this model was
suitable to navigate the design space. The CV value
is a measure of residual data variation relative to the
size of the mean. The higher the value of CV%, the
less reliable are the experimental results. The model
in this study showed 21.69% for CV, therefore,
proving the reliability of the model.

Fig. 9 a) shows the graph of predicted values
against the actual values where the closeness of
the points towards attaining linearity verifies that
the values are in relative agreement with each
other. A straight line with well-distributed data
can be observed showing that it has a reasonable
agreement between experimental and predicted
data. Graph for normal probability plot in Fig. 9 (b)
shows data points scattering along the line which
follows a normal distribution. Both plots of the
graph in Fig. 9 (c) and (d) show a random scatter
of points across the graph denoting similarity
between predicted and experimental data.

Adsorption isotherm

The adsorption isotherm model was used to
investigate the distribution of adsorbate molecules
at equilibrium between the solid and liquid phases.
Langmuir and Freundlich’s linear models are
commonly used for solid or liquid systems. Both
Langmuir and Freundlich equilibrium data were
determined and the estimated isotherm parameters
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Table 5. Other parameters of statistical value

Standard deviation 9.68 R-Squared 0.9292
Mean 44.63 Adj R-Squared 0.8965
C.V. 21.69 Pred R-Squared 0.7869
PRESS 3667.34 Adeq Precision 13.152

Table 6. Isotherm parameters for Langmuir and Freundlich models

Isotherm model Langmuir

Freundlich

Qmax (mg/g) K (L/mg) R?

Estimated isotherm parameters

1/n Ky (mg/g) R’

14284.71 6.19x10-3

0.9416

1.002 114.76 0.8545
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Fig. 10. Equilibrium concentration vs final concentration of arsenic
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Fig. 12. Freundlich isotherm models

were tabulated in Table 6.

The graph of the equilibrium arsenic
concentration versus the arsenic concentration in
the solution is shown in Fig. 10. A linear Langmuir
adsorption isotherm plot of 1/, versus 1/C, was
presented in Fig. 11. Similarly, Fig. 12 shows the
Freundlich linear isotherm plot of log g, versus log
C.

* From the graph in Fig. 11, the regression value
of 0.9416 was determined, which was higher
than the value for the Freundlich model (Fig. 12)
with a regression value of 0.8545. With R? value
approaching 1.0, the adsorption process had the
best fit with the Langmuir isotherm model with a
high maximum adsorption capacity of 14284.21
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mg/g. Therefore, the dominating Langmuir
isotherm model fit suggested that there were a
restricted number of active sites on the surface
of the fabricated nanocomposite membrane and
a monolayer of arsenic ions formed over the
homogeneous composite surface. Previous findings
have also reported that nanocomposite adsorbents
show a great fit with Langmuir isotherm [52,57].

CONCLUSION

Arsenic removal from synthetic wastewater
using PES-GO-PVP nanocomposite membrane
via batch adsorption was studied in this work. The
highest arsenic percentage removal of 88.6% was
observed from the batch adsorption tests carried
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out with an initial arsenic concentration of 55 mg/L,
pH 8, and a contact time of 75 minutes. The study
of the adsorption isotherm model showed that the
process had the best fit with the Langmuir isotherm
model with a regression value close to 1.0, with R?
0.9416. The Langmuir fitted model indicated the
monolayer adsorption mechanism of arsenic by the
fabricated nanocomposite adsorptive membrane.
The modification of polymeric membrane with the
addition of GO and PVP is an excellent approach
to develop an enhanced adsorptive membrane and
improved the membrane mechanical properties
compared to the bare PES membrane Thus, this
study has shown the promising potential of the
PES-GO-PVP nanocomposite membrane for
removing arsenic from wastewater and could be
utilized as an improved wastewater treatment
technology for arsenic removal. Therefore, future
research on membrane regeneration studies and
membrane flux should be conducted to evaluate
the cost and practical applicability of this PES-GO-
PVP nanocomposite adsorptive membrane.
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