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Figure 8. The stability of GO membrane before (left) and after (right) using PDA in aqueous conditions for 30 
days.
GO membranes exhibit superior performance and stabili-
ty, paving the way for further advancements in membrane 

in real-world conditions.  The obtained results demonstrate 
-

es the performance and stability of graphene oxide (GO) 
membranes when combined with polyethersulfone (PES). 

-

-

that the unique chemistry of GO, combined with the stabi-
-

ciated with membrane stability and permeability. Future 

materials to further enhance membrane performance and 
stability. 
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H) on the surface of the membrane improved the membrane 
hydrophilicity beside the neat PES.

3.6. Pure Water Flux (PWF)
            The water permeability of the prepared membranes 
was tested to study their performance. With this aim, a se-
ries of membranes with optimal conditions, such as coating 
time and concentration, were fabricated. Figure 6 illustrates 

As shown, coating PDA on the surface of PES increased the 
-
-

though the contact angle decreased with increasing coating 
time, the thicker layer of polydopamine led to pore blockage, 

for 90 minutes. Consequently, we selected 60 minutes as the 
optimal coating time. Additionally, graphene oxide-based 

-
philic properties, which correlated with the obtained contact 
angle. The results of the pure water hydraulic permeability 

3.7. Rejection (%R)
-

PES05 > PES03 > PES01. The rejection rates, as depicted in 
-

branes. The feed concentration in the system was main-
tained at 1000 ppm, with an operating pressure of 5 bar. 
Membranes made from PES incorporating graphene oxide 
(GO) generally demonstrated superior performance in ion 
separation. GO membranes achieve ion separation through 
various mechanisms: size-based rejection via in-plane pores, 
layer spacing rejection due to interlayer spacing, or charge-
based rejection through interactions with oxygen-contain-
ing functional groups. Consequently, certain ions, based on 
their size and charge, are unable to pass through the mem-

from water. The evaluated membranes (PES, PES with PDA, 
and PES with PDA and GO) exhibited salt rejection rates of 

-
ity properties of graphene oxide-based membranes.

-
-
-

substrates and GO nanosheets. Modifying a PES support 
with polydopamine improves interfacial adhesion with the 
GO layer due to hydrogen bonding between both PES/PDA 
and PDA/GO, as illustrated in Figure 8. Notably, without 

-
tach to the polyethersulfone support.

4. Conclusion
           Overall, this research underscores the potential of 

-

Figure 5. Contact angle of synthesized membranes.

Figure 6. Flux of synthesized membranes.

-
2SO4 using membranes.
(Operating pressure: 5 bar, feed concentration: 1000)

for the synthesized membranes for pure water.



many layers that can be observed lying on top of each other. 
All these characteristics reveal the desired exfoliation speci-

           To reveal the physicochemical properties of the GO 
and membranes, we characterized the changes of chemical 
compositions by FTIR spectrum Figure 4.
for GO, the four main peaks that appeared at wavenumber 

-
droxyl group). The peaks at approximately 1725 and 1619.9 

stretching groups, respectively. Whereas C-O-C stretching 
(epoxy group) can be seen at wavenumber of 1043 cm-1. 
With the presence of all these carboxylic, hydroxyl, epoxide 

to be greatly occupied at the edge and basal plane of [10].
For the neat PES, benzene groups exhibited peaks at 1577.49 
cm-¹, 166.2 cm-¹, and 1484.92 cm-¹; ether groups showed 
peaks at 1312 cm-¹ and 1295.9 cm-¹; and sulfone groups had 
peaks at 1240 cm-¹, 1149.3 cm-¹, and 1105 cm-¹.
in PES03 membrane, there is a new peak appearence at 

to be O-H and N-H bands of catechol group from PDA. How-

to the nature of PDA being a thin coating and overlapping 
peaks. Also, The FTIR bands that may be related to GO over-
lap with those of the PES support, so their clear detection 
was not possible. In the same way, no characteristic bands of 
Graphene oxide  were detected, which are probably masked 
by the support.

3.5. Contact angle (CA)
-

thesized membranes in contact with pure water are illus-
trated in Figure 5. Results indicate that, PES substrate has 
hydrophilic properties as expected. Since polydopamine is 
widely recognized for its hydrophilic characteristics, one can 

of membrane hydrophilicity when positioned in proximity 
to the membrane surface. This is evidenced by the reduced 
contact angle as compared to the neat PES membrane. The 
hydrophilicity increased by increasing coating time of PDA 
from 61.78° for neat PES to 44.07°.  The augmentation of 
membrane hydrophilicity upon the incorporation of dopa-
mine can be directly attributed to the hydrophilic attrib-
utes of catechol, quinone, and amine functionalities present 
within PDA. While with GO coating on the surface, it became 
hydrophilic and the contact angle reduced. The hydrophilic 
functional groups on the GO, especially hydroxyl group (O-

Figure 4. FTIR analysis of Graphene Oxide (a), 
neat PES, PES modifying with optimal time by 
polydopamine and graphene oxide (b).

Figure 3. SEM images of GO nanosheets.



H2O2 was then added to the mixture dropwise until the mix-
ture was in the color of brilliant yellow. The sediment after 

completely remove acids and metal ions. The resulting solid 
was freeze-drie and storage prior to use [8, 9].
          . Membrane was 
synthesized using the phase inversion method. PVP was 
added as a pore forming agent to DMF. PES was added to 
the mixture in three parts, with 60 minute intervals and 
stirred in 60 oC. The mixture was stirred for 24 hours at 
room temperature to achieve a homogeneous suspension.
The membrane solution was cast onto a glass plate at 10 

underwent phase inversion in a DI water bath. 
          . To 
ensure mechanical strength, GO membrane was supported 

-
tween. Pure PES membrane was put on plexiglass, then re-
tained with an O-ring and four clamps, ensuring that only its 
surface was soaked while preventing pore blockage, which 

50 mL solution contains 0.1 g dopamine and 0.06 g Tris-

temperature for 30, 60, 90 minutes, followed by 30 minutes 
drying in oven at 60 °C.
       In last step, GO nanosheet with 20ppm concentration is 

-

types of membranes.  

In this study, GO nanosheets analysis by Zeta potential, 

synthesis of GO has been successful. Also, the membranes 
were characterized by FTIR, AFM, Contact angles, Water 
Flux and rejection test.

          Wide angle XRD pattern of the GO nanosheets is shown 
in Figure 1   and used to determine the average crystalline 
properties of the GO nanosheets. The results show that the 

interlayer spacing of 9.7 Å. This sharp peak reveals the intro-
-

nosheet edges due to graphite oxidization. A peak appeared 
-

er distance of 3.39 Å. XRD results approved the successful 

preparation of GO nanosheets.

          GO sheets, being decorated with carboxyl groups, has a 
negative surface potential. Surface potential of the GO mem-
branes was about -20 mV at pH 5.10, this surface potential 
is expected due to protonation of carboxyl groups. Negative 
potential which was observed suggesting partial protonation 
of carboxyl groups.As shown in Figure 2 The average hydro-
dynamic diameter of the GO
nanosheets in the aqueous dispersion was measured as 
about 490 nm it is due to fragment aggregation of some na-
nosheets.

          SEM images were used to observe the GO nanosheets’ 

Figure 3. The SEM images show two-dimensional GO na-
nosheets with their folded, wrinkled, connected, and some-
times aggregated nature. and  they are irregularly edged 
and ultra-thin. The size and lateral dimensions of the plates 
are irregular and wavy, with sometimes rough surfaces and 

Figure 1. XDR pattern of Graphite (blue) and 
Graphene Oxide (red).

Figure 2. Zeta potential (a) and DLS analysis (b) 
of GO nanosheets.
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ABSTRACT
-

challenge in realizing the full potential of GO membranes 
lies in achieving the optimal balance between stability and 

and ions. In this study, polyethersulfone (PES) membrane 
was fabricated using non-solvent induced phase separation 
(NIPS). Subsequently, a polydopamine (PDA) coating was 

of PDA addition on the performance and stability of GO 
membranes was systematically investigated. Finally, GO 

membranes were comprehensively analyzed. Under opti-
mal preparation conditions, the PES/PDA/GO membrane 

          Water quality is declining globally, resulting in a signif-
icant shortage of clean water in many regions. Currently, ap-
proximately 1.2 billion people are compelled to use contam-
inated water sources. The United Nations projects that by 

-
cess to safe drinking water. Water can be categorized based 
on its salinity level into three primary types: seawater, with 
total dissolved solids (TDS) exceeding 35,000 mg/L; brack-
ish water, with TDS ranging from 1,000 to 15,000 mg/L; 
and freshwater, with TDS below 500 mg/L, also known as 
low-salinity water. Due to its high salinity, brackish water 
is unsuitable for direct consumption. The World Health Or-
ganization (WHO) stipulates that water with a salinity below 
500 mg/L is considered safe for drinking, indicating that 
brackish water requires desalination prior to consumption 
[1, 2]. Membrane separation technologies are at the fore-
front of desalination and water treatment. However, current 

permeability and selectivity. To circumvent these limita-

tions, a new generation of advanced membranes based on 
nanomaterials has emerged [3].
          Graphene oxide (GO), a classical two-dimensional 
material, has shown great promise in the fabrication of na-

transport channels and salt rejection properties. Numerous 
functional groups are attached to the nanosheet surface of 
GO. These surface functional groups can modify the proper-
ties of the interlayer channel surfaces and adjust the channel 
size. An increased oxidation degree of the nanosheets can 
further enlarge the channel size [4, 5].
          Porous substrates are frequently used to support GO 
membranes and extend their application across a broader 
range of operational conditions. However, the stability of 
GO in aqueous solutions on these substrates remains a key 
issue. Surface coating with polydopamine (PDA) has gained 
popularity due to its strong adhesion to various substrates. 
Moreover, PDA coating can enhance the hydrophilicity of 
the membrane because of its superhydrophilic nature. It is 
noteworthy that prolonged immersion in a dopamine solu-
tion results in a thicker coating layer on the membrane sur-
face, which can lead to pore blockage and a subsequent de-

          In this study, polyethersulfone (PES) was utilized 
-

timized conditions and time. Subsequently, graphene oxide 
-

treatment of brackish water. 

          .GO nanosheets 
-

ly, 3 g of graphite powders were added to 400 mL of the 
H2SO4:H3PO4 (volume ratio of 9:1) mixture, KMnO4 was 
added slowly under vigorous agitation to keep the temper-
ature of the suspension below 10 oC. The mixture was then 
stirred below 10 oC for 2 hrs. Next it was stirring at 50 oC for 
12 hrs, the mixture was naturally cooled down to room tem-


