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1. Casing Head Spool

2. Gate Valve Body

3. Composite Tree Block(Y-Block)
4.Y - Tubing Spool

5. Stabilizer

6. Casing Head Housing

7. Drill Collar

8. Upper Master Block
9.Flange in625

AlSI 4130, AISI 4140 , AISI 4145 , AISI 410
17-4 PH - API L80, TYPE 1
API L80-13% Cr, API L80-9% Cr, ASTM A105
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Engineering Simulations
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*  FBDST Tools Assessment
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Component Value (Kg-mole/h)
N2 1072.0875
CO: 386.0875
H-S 3.25833
Cy 17892.488
C: 869.5667
Cs 266.5292
I-Ca 57.3875
n-Ca 80.05416
I-Cs 37.3083
n-Cs 25.7542
n-Cs 52.5000
C+* 54.9625
M-MERCAPTANE 0.670833
E-MERCAPTANE 0.670833
Np MERCAPTANE 0.670833
H:0 61.0750
Pressure 71.97 bar
Temperature 3123 °C
Flow 2.206e5
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Parameter Absorption Regeneration
Tower Tower
Start Stage 1 1
End Stage 32 22
Column Type Valve Tray Valve Tray
Column Diameter (m) 3.7 3.34
Tray Spacing (cm) 61 61
Number of Patch Odd Tray =3 2
Paired Tray =2
Tray weir Height (mm) 76 66
Tower Height (m) 25.47 21.6
Design Pressure (bar) 89 3
Design Temperature (°C) 12 150
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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
technology aimed at achieving high efficiency and durability
in real-world conditions. The obtained results demonstrate

that the use of polydopamine (PDA) significantly enhanc-
es the performance and stability of graphene oxide (GO)
membranes when combined with polyethersulfone (PES).
Optimal preparation conditions yielded a remarkable Naz-
S04 rejection rate of 64% for the PES/PDA/GO membranes,
along with satisfactory water flux, indicating that PDA mod-
ification improves membrane stability. The findings suggest
that the unique chemistry of GO, combined with the stabi-
lizing effects of PDA, effectively addresses challenges asso-
ciated with membrane stability and permeability. Future
studies could explore additional modifications or alternative
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.

Membrane PES PES + 30 PES + 60 PES + 90 PES + 30
min PDA min PDA min PDA min PDA +
GO
Water
Contact 61.87° 57.43° 54.55° 44.07° 52.50°

angle
Figure 5. Contact angle of synthesized membranes.

Figure 5. Contact angle of synthesized membranes.

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
the results obtained. As expected, the flux increased almost
linearly with increasing pressure. Some differences in the
permeability of the five membranes studied were observed.
As shown, coating PDA on the surface of PES increased the
pure water flux due to its hydrophilic properties. We test-
ed 3 different coating times (30, 60, and 90 minutes). Al-
though the contact angle decreased with increasing coating
time, the thicker layer of polydopamine led to pore blockage,
resulting in a decrease in the flux of the membrane coated
for 9o minutes. Consequently, we selected 60 minutes as the
optimal coating time. Additionally, graphene oxide-based
membranes exhibited good water flux due to their hydro-
philic properties, which correlated with the obtained contact
angle. The results of the pure water hydraulic permeability
coefficient (L_p) are presented in Table 2.

250 T PES neat
—o—PES+30PDA
I PES+60PDA
200 T —o—PES+90PDA
—m— PES+30PDA+GO
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Figure 6. Flux of synthesized membranes.

PES01 PES02 PES03 PES04 PES05
21.01 22.39 2491 23.63 6.05

LP
Table 2. Permeability (slope) of the plotted flux curves
Jor the synthesized membranes for pure water.

Mambrane

3.7. Rejection (%R)

We evaluated the separation efficiency of the mem-
branes for Na2SOa4, observing a general performance trend:
PESo05 > PES03 > PESo01. The rejection rates, as depicted in
Figure 7, showed slight variations among the different mem-

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-
brane, resulting in effective removal. This selectivity enables
graphene oxide membranes to efficiently separate Na2SO4
from water. The evaluated membranes (PES, PES with PDA,
and PES with PDA and GO) exhibited salt rejection rates of
13%, 18%, and 64%, respectively. This indicates the selectiv-
ity properties of graphene oxide-based membranes.
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Figure 7. Percentage of removal efficiency of Na-
2504 using membranes.
(Operating pressure: 5 bar, feed concentration: 1000)

3.8. Stability of GO nanofiltration membrane in water

GO membranes easily peel off the underlying sub-
strate due to insufficient interfacial adhesion, severely limit-
ing their practical application. Surface modification of sub-
strates effectively enhances interfacial interaction between
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
polydopamine coating, the GO layer cannot effectively at-
tach to the polyethersulfone support.

4. Conclusion

Overall, this research underscores the potential of
GO-based membranes for nanofiltration applications in wa-
ter purification. The study demonstrates that PDA-modified



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

SEM HV: 200KV
View field: 154 pm
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Date(midly): 12112723

SEM MAG: 1.23 kx _ Date(midly): 12/12223

SEM HV: 20.0kV. WD: 9.46 mm
View field: 321 ym Det: SE
SEM MAG: 591 x__ Date(midly): 1212123

Figure 3. SEM images of GO nanosheets.

3.4. Fourier Transform Infrared Spectroscopy (FTIR)
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
of 3208 cm-1 confirmed the presence of O-H bond (hy-
droxyl group). The peaks at approximately 1725 and 1619.9
cm-1 represent C=0 (carboxyl/carbonyl) and aromatic C=C
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
and carbonyl groups, oxygen molecules (O) were confirmed
to be greatly occupied at the edge and basal plane of [10].
For the neat PES, benzene groups exhibited peaks at 1577.49
cml, 166.2 cm'l, and 1484.92 cm1; ether groups showed
peaks at 1312 cm'! and 1295.9 cm1; and sulfone groups had
peaks at 1240 cm'1, 1149.3 cm'1, and 1105 cm'1.
in PESo3 membrane, there is a new peak appearence at
spectrum range of 3300-3700 cm-1. This peak is confirmed
to be O-H and N-H bands of catechol group from PDA. How-
ever, these peaks for PDA is not significant in this study due
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.
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Figure 4. FTIR analysis of Graphene Oxide (a),
neat PES, PES modifying with optimal time by
polydopamine and graphene oxide (b).

3.5. Contact angle (CA)

The measured contact angles for five different syn-
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
anticipate its significant contribution to the enhancement
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-
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perature and diluted with 400 mL of water in ice bath. 30%
H202 was then added to the mixture dropwise until the mix-
ture was in the color of brilliant yellow. The sediment after
static stratification was centrifugally collected and washed
with 5% HCI for 5 times, followed by dialysis in water to
completely remove acids and metal ions. The resulting solid
was freeze-drie and storage prior to use [8, 9].
Preparation of PES as substrate. 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
m2/s, forming a film approximately 20 pm thick. The film
underwent phase inversion in a DI water bath.
Fabrication of nanofiltration membranes. To
ensure mechanical strength, GO membrane was supported
on porous PES film with Polydopamine (PDA) coating in be-
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
resulted in a decrease in the membrane’s flux .It soaked into
50 mL solution contains 0.1 g dopamine and 0.06 g Tris-
HCI buffer. The polymerization was carried out at ambient
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
coated on the substrate by pressure filtaration method. Ta-
ble 1 shows the experimental composition of five different
types of membranes.

Table 1. Five types of membranes that preparation in this study.

Membrane  PES (Wt. %) PVP (Wt. %) DMF (wt. %)  PDA (time- GO (ppm)
min)
PESO01 15 3 81 - -
PES02 15 3 81 30 -
PES03 15 3 81 60 -
PES04 15 3 81 90 -
PES05 15 3 81 30 20

3. Results and Analysis

In this study, GO nanosheets analysis by Zeta potential,
DLS, FTIR, SEM and XRD. This analysis have confirmed the
synthesis of GO has been successful. Also, the membranes
were characterized by FTIR, AFM, Contact angles, Water
Flux and rejection test.

3.1. X-Ray Diffraction (XRD) of GO Nanosheets
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
GO nanosheets have a very strong peak at 26 of 10.06 ° and
interlayer spacing of 9.7 A. This sharp peak reveals the intro-
duction of different oxygen-containing groups to the GO na-
nosheet edges due to graphite oxidization. A peak appeared
at 20 of 26.8 ° for Graphite powder have shown the interlay-
er distance of 3.39 A. XRD results approved the successful

preparation of GO nanosheets.

= Graphite
= Graphene Oxide

Intensity

5 10 15 20

20 (degree)

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

25

30

3.2. Zeta potential and DLS 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.

120
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Figure 2. Zeta potential (a) and DLS analysis (b)
of GO nanosheets.

3.3. SEM images of GO nanosheets

SEM images were used to observe the GO nanosheets’
structure and the different lateral dimensions as revealed in
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
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ABSTRACT

Graphene oxide (GO) is a promising material for nanofil-
tration membranes in water purification due to its unique
properties and immense potential. However, a significant
challenge in realizing the full potential of GO membranes
lies in achieving the optimal balance between stability and
permeability for efficient separation of aqueous molecules
and ions. In this study, polyethersulfone (PES) membrane
was fabricated using non-solvent induced phase separation
(NIPS). Subsequently, a polydopamine (PDA) coating was
applied to the membrane surface at pH 8.5. The influence
of PDA addition on the performance and stability of GO
membranes was systematically investigated. Finally, GO
was coated onto the membranes via pressure filtration. The
morphology, structure, hydrophilicity, permeation flux, and
Na2S04 rejection of PES, PES/PDA, and PES/PDA/GO
membranes were comprehensively analyzed. Under opti-
mal preparation conditions, the PES/PDA/GO membrane
demonstrated a satisfactory water flux and a good rejection
rate of 64% for Na2SOa.

1. Introduction

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
2025, this figure could rise to 2.7 billion people lacking ac-
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
membranes are inherently limited by a trade-off between
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-
nofiltration (NF) membranes, thanks to its unique water
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-
crease in membrane flux [6, 7].

In this study, polyethersulfone (PES) was utilized
as a substrate and modified with polydopamine under op-
timized conditions and time. Subsequently, graphene oxide
(GO) nanosheets were synthesized with significant d-spac-
ing using a modified Hummer’s method and applied via a
pressure filtration technique. The resulting composite was
assessed for its efficacy as a nanofiltration membrane in the
treatment of brackish water.

2. Research Method

Preparation of GO nanosheets.GO nanosheets
were prepared by the modified Hummer’s method. Brief-
ly, 3 g of graphite powders were added to 400 mL of the
H2S04:H3P04 (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-
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