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ABSTRACT
 

The ion separation potential of graphene oxide-cellulose membrane produced from waste 
materials for use in filtration processes is demonstrated in this study. Graphene nanomaterial was 
prepared by electrochemical exfoliation of electrodes from waste zinc-carbon batteries and 
characterized using TEM, UV-Vis, FTIR, and SEM/EDX techniques. The membrane was 
fabricated from graphene oxide and recycled cellulose paper pulp and was also characterized. 
The membrane has a surface area of 0.001735 m , and under vacuum pressure of 0.3 Pa was 
found to have average permeability of 6.5285 x 10  m /m .s.Pa, flux of 1.9585 x 10  m /m .s, and 
volumetric flow rate of 3.3985 x 10  m /s. Membrane desalination studies were performed using 
a suction pump set-up for time intervals of 30, 60, 90, 120, and 150min on sodium 
chloride–simulated brackish, saline and hyper-saline water. The ion separation efficiency 
measured by conductivities of water samples was found at the end of 150 min to be 91.0, 90.89, 
and 92.98% for brackish, saline, and hyper-saline water respectively. Optimum ion separation 
was obtained in the first 30 min of the desalination experiment (96.95, 96.63 and 96.56% for 
brackish, saline, and hyper-saline water respectively), after which there was a progressive 
increase in conductivities of all water samples due to swelling of the composite membrane. 
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Hummer's method and its modified forms 
(Hayes et al. 2014), and electrochemical 
exfoliation (Su et al. 2011) among others. The 
electrochemical exfoliation method has attracted 
at tent ion due  to  i t s  easy,  fa st ,  and 
environmentally friendly nature to produce high-
quality graphene (Sahoo et al. 2020). Although 
there have been major improvements in the 
recycling of used paper materials over the last 
decades, the pulp and paper sector remains a 
leading contributor to global greenhouse gas 
emissions (Chen et al. 2020).

In the present study, graphene oxide was 
produced by electrochemical exfoliation of zinc-
carbon electrodes of used batteries. The graphene 
oxide membrane was then prepared by 
incorporating graphene oxide into recycled waste 
cellulose paper as membrane support. The 
graphene nanomaterial and membrane prepared 
were characterized using TEM, UV-Vis, FTIR, 

INTRODUCTION

The membrane technology in water 
desalination has the advantages of high efficiency, 
low energy consumption, and low environmental 
impacts (Song et al. 2018). Membranes have been 
well-researched, but the need to meet new 
desalination requirements has necessitated the 
development of various types of functional 
materials that would enhance the performance of 
desalination membranes (Teow and Mohammad  
2019). The choice of functional materials such as 
zeolites, carbon nanotubes, graphene nano 
materials, etc. depends on their role in membrane 
performance.

Different graphene/graphene oxide 
preparation methods have been developed 
including mechanical exfoliation and epitaxial 
growth (Su et al. 2011), chemical vapor deposition 
(Lin et al. 2018), chemical exfoliation by 
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and SEM/EDX techniques. The ion 
separation efficiency of the produced graphene 
oxide membrane was investigated using sodium 
chloride–simulated brackish, saline and hyper-
saline water. 

The materials and chemicals used for this 
research work include potassium chlorate, 
hydrochloric acid, sodium chloride, distilled 
water, deionized water, filter papers, S-PAK filter, 
waste newspaper, and sodium chloride. The waste 
zinc-carbon batteries (ZCBs) were gotten from 
various discharged batteries found in Ilorin 
metropolis. Apparatus and equipment used are 
alligator clips, connecting cables, ammeter, 
voltmeter, voltage supply source, suction pump, 
Buchner funnel, centrifuge, suction pump set-up, 
and electrical conductivity(EC) meter.

Zinc-carbon electrodes taken out of 
discharged ZCBs were washed with dilute 
hydrochloric acid and boiled in ultrapure 
deionized water for about 5 minutes to remove the 
residual impurities. The electrodes were subjected 
to electrochemical exfoliation for the synthesis of 
graphene/graphene oxide nanomaterials (Sahoo et 
al.  2020).  Electrochemical  exfol iation 
experiments were performed in potassium 
chlorate at room temperature with voltage 
supplied by a laboratory DC power supply (MCP 
Model: M10-SP3003L). It was carried out at 
voltage values of 6.0, 7.5, 9.0, 10.5, and 12.0 V 
over five hours. At the completion of 
electrochemical exfoliation, the sample mixture 
was centrifuged at 4000 rpm for 10 min to form a 
fine suspension. The suspension was then 
deposited on a filter paper by using a Büchner 
funnel and the residue on the filter paper was 
washed with 100 ml of distilled water. The solid 
obtained was allowed to dry at room temperature 
and weighed to determine the product yield. The 
graphene nanomaterial was characterized by 
transmission electron microscopy (TEM), high-
resolution scanning electron microscopy/energy 
dispersive X-ray analysis (HRSEM/EDX), 

MATERIAL AND METHODS

Preparation and Characterization of 
Graphene/Graphene Oxide

Materials

ultraviolet-visible (UV-Vis) spectroscopy, 
and Fourier transform infrared (FTIR) analysis.

The graphene membrane was prepared 
according to the procedure described by Koga et 
al. (2016).An aqueous suspension of cellulose 
pulp fibres that consist of recycled waste pulps 
from newspapers (0.15 wt%, 200 mL) was mixed 
with an aqueous dispersion of graphene material 
that was produced via electrochemical 
exfoliation of discharged battery. An aqueous 
solution of polyvinyl alcohol (PVA) (1.0 wt%, 0.4 
mL) was added at intervals of 10 minutes to the 
solution. The resultant solution was filtered by 
suction filtration using a Büchner funnel through 
a supported membrane (S-PAK filter). 
Thereafter, the wet paper sample was hot pressed 
at 110 °C for 10 minutes to dry the sample. The 
graphene membrane was later used for 
desalination experiments

The membrane morphology was 
examined using high-resolution scanning 
electron microscopy (HRSEM), and energy-
dispersive X-ray (SEM/EDX) analysis. The 
swelling ratio of the membrane was obtained by 
immersing the membrane in deionized water for 6 
hr. xcess water on the membrane was 
wiped with tissue paper and the wet membrane 
was weighed (M ). Thereafter the membrane 
was fully dried at room temperature and weighed 
again (M ). The swelling property of the 
membrane was determined using Equation (1);

Swelling ratio  =                    x 100          (1)

Other membrane properties include surface area 
(A), volumetric flow rate (G), flux (G), and 
permeability ( ) were calculated using Equations 
(2) – (5), where r is the radius of the circular 
membrane,  = 3.142, and p is the suction 
pressure.

A  =  r (2)

G   =                             (3)

G = (4)

Preparation of the Graphene Membrane

Properties of Graphene Membrane
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improve the performance of membrane materials. 
Surface functional groups in the graphene oxide 
can serve as ion sieves for the membrane. Overall, 
the graphene oxide-cellulose composite presented 
such properties that are adequate for membrane 
filtration.
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