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ABSTRACT
      Forward osmosis (FO) has become a technology with great potential for numerous applications, 

including water desalination. One of  the critical factors in determining the FO performance is the 
selection of  the appropriate membrane material that compatible with draw solution. In this study, 
commercial cellulose triacetate (CTA) and aquaporin-based membranes, as well as a fabricated PES/
PVP membrane, were used, with 1-Butyl-3-methylimidazolium tetrafluoroborate ([Bmim][BF4]) as the 
thermo-responsive ionic liquid (TRIL) draw solution. The bench scale of  FO system was setup upon 
co-currently flow rate of  60.0 mL/ min at room temperature. The 7 % PVP with 15 % PES had the 
best performance, with the highest water flux (Jw) (4.93 LMH), lowest reverse solute diffusion (RSD) 
(0.43 gMH). The fabricated membrane demonstrated a significantly higher performance compared 
to the commercial aquaporin-based FO membrane, with an improvement of  approximately 60%.
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1. INTRODUCTION
Forward osmosis (FO) has gained popularity 

as a promising technology for desalination due 
to its low-pressure capability and energy-efficient 
operation, making it an attractive solution for 
seawater desalination. The process involves natural 
diffusion using osmotic pressure, whereby water 
molecules are drawn from a solution containing 
low solute concentration to a solution containing 
high solute concentration. The performance 
of  the FO process is heavily dependent on the 
properties of  the membrane used, including its 
selectivity, permeability, and stability [1]. As a 

result, considerable efforts have been made to 
develop and optimize FO membranes to enhance 
their performance. In order to be considered 
high-quality, FO membranes should exhibit several 
key characteristics. These include the ability to 
allow a high-water flux, while preventing the 
permeation of  salts. Additionally, FO membranes 
should minimize concentration polarization, resist 
membrane fouling, and maintain their performance 
even when exposed to various chemicals [2–4].

The company HTI has introduced first-generation 
FO membranes, such as the nonwoven (HTI-NW) 
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and embedded support (HTI-ES) FO membranes, 
to the market. These membranes have an asym-
metric structure, where the dense active layer is 
made of  cellulose triacetate (CTA) and is cast with 
a polyester mesh embedded in it. To maintain 
its ability to reject contaminants and structural 
integrity while enhancing water permeability, 
the active layer thickness of  the membrane is 
minimized [5]. 

On the other hand, HTI and OasysWater 
company were the pioneers in introducing the 
next generation of  FO membranes, which are 
known as thin film composite (TFC) membranes. 
These membranes were designed to overcome 
the limitations of  CTA membranes. TFC mem-
branes have comparable rejection rates to CTA 
membranes, but they are capable of  significantly 
improving water flux rates to approximately 30-
40 LMH, compared to the 10 LMH achieved by 
CTA membranes [6]. Moreover, TFC membranes 
provide more flexibility in structural design since 
the selective layer and substrate layer can be inde-
pendently adjusted to meet specific requirements. 
The typical procedure for creating TFC membranes, 
according to Goh et al., (2019), involves using 
phase inversion casting to obtain a microporous 

substrate, followed by interfacial polymerization 
(IP) between amine and chloride monomers to 
create a polyamide (PA) selective layer. Reactive 
monomers, such as trimesoyl chloride (TMC) 
and m-phenylenediamine (MPD) are commonly 
used to form the PA layer in FO membranes [7]. 
Recently, Aquaporin A/S has developed a novel 
arrangement of  hollow fiber membranes that 
provides a greater packing density compared to 
the conventional spiral wound configuration [8]. 
These membranes utilize aquaporin proteins as 
pore-forming agents in the thin film layer, facili-
tating water diffusion through passive facilitated 
transport. This unique design allows the protein 
to maintain its geometrical structure during oper-
ation, resulting in selective water transport that is 
5 to 1000 times higher than that of  conventional 
membranes [9]. As a result, Aquaporin-assisted 
membranes offer the potential for significantly 
greater permeability compared to traditional 
membranes [10]. The market has seen a surge in 
the number of  global FO membrane suppliers, 
providing more competitive options [11]. Details 
of  the currently available commercial FO mem-
branes can be found in Table 1.

Table 1. Summary of  the commercial FO membranes.

Supplier Materials/Commercial Name Configurations

HTI CTA-NW SW

HTI CTA-ES SW

HTI TFC SW

Aquaporin A/S Aquaporin SW, HF

OasysWater TFC SW

Porifera PFO element SW

Toray FO membrane SW

Fluid technology solution CTA SW

Modern water - SW

Toyobo - HF

Trevi System - SW

*SW – spiral wound, HF – hallow fibre
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Polyvinylpyrrolidone (PVP) is widely used 
as an additive in various membrane frameworks, 
including forward osmosis (FO) membranes. Its 
popularity stems from its non-toxicity and compat-
ibility with water and a range of  organic solvents. 
Recent studies have highlighted the promising role 
of  PVP as a polymer additive, offering multiple 
benefits such as enhancing rejection rates, acting 
as a swelling agent, improving pore characteristics, 
preventing fouling, suppressing macropores, and 
enhancing hydrophilicity [12]–[15]. The PVP 
are commonly added to the casting solution of  
PES to create filtration membranes. Polyether 
sulfone (PES) membrane are commonly used in 
biomedical areas and water desalination [16]. As 
reported by Alvi et al., (2019), PES is the most 
hydrophilic sulfone group polymer due to its high 
number of  moieties in the polymer repeating unit 
of  the sulfone group [17]. This, combined with 
its high mechanical strength, chemical resistance, 
and stability in a pH range of  2 to 13, make it 
an ideal choice for a membrane material [18]. 
Furthermore, PES is soluble in aprotic polar 
solvents such as N-Methyl-2-pyrrolidone (NMP), 
dimethylformamide (DMF), and other similar 
solvents [18 - 19]. 

One of  the main challenges in creating FO 
membranes is achieving a balance between high 
water permeability and efficient salt rejection or 
RSD. Selecting an appropriate FO membrane 
and draw solute is crucial in achieving successful 
desalination. Thermo-responsive ionic liquids 
(TRILs) are being studied as a potential draw 
solute for FO processes. While most ionic liquids 
are classified as either hydrophilic or hydropho-
bic based on their solubility in water at room 
temperature, the solubility of  some ILs can vary 
depending on temperature, making their properties 
ambiguous [21]. 

According to Akther et al., (2015), the use of  
thermo-responsive draw solutions in FO hybrid 
systems leads to reduced energy consumption when 
desalinating saline waters, potentially making it a 
more economically viable option than other de-

salination technologies [22]. Many researchers have 
conducted extensive studies on utilizing TRIL such 
as tetrabutylphosphonium trifluoroacetate [P4444

+]
[CFOO-], tetrabutylphosphonium p-toluenesulfon-
ate [P4444

+][TsO], poly(1-butyl-3-vinylimidazolium) 
Bis(trifluoromethylsulfonyl)imide [Ntf2][vmim], 
tetrabutylammonium 2,4,6-trimethylbenzene 
sulfonate [N4444

+][TMBS], Tetrabutylammonium 
2,4-dimethylbenzene sulfonate [N4444

+][DMBS], 
Betaine Bis(trifluoromethylsulfonyl)imide [Hbet]
[Ntf2] and many more in desalination processes, 
paving the way for their potential application in 
addressing water scarcity and advancing sustainable 
water treatment technologies [23]–[27]. 

Figure 1 demonstrated the potential for utiliz-
ing TRILs as a draw solution in the development 
of  a technique for extracting low-concentration 
water from saline water. The performance of  
Aquaporin and cellulose triacetate (CTA) FO 
commercial membranes were compared with a 
PES/PVP fabricated membrane containing varying 
concentrations of  PVP. The draw solution chosen 
was one of  the best TRILs identified in a previous 
study, namely 1-butyl-3-methylimidazolium tetra-
fluoroborate ([Bmim][BF4]) [28]. While previous 
studies have investigated the performance of  
commercial FO membranes and draw solutions, 
this study focuses on the fabrication and evaluation 
of  a novel PES/PVP membrane and the use of  
thermo-responsive ionic liquids (TRILs) as draw 
solutions, providing new insights into membrane 
selection for FO desalination applications. The 
membrane’s stability was assessed through the 
measurement of  water flux and FESEM char-
acterization.

2. MATERIALS AND METHODS
2.1 Material and Equipment

Polyethersulfone (PES, Petronas BASF 
Malaysia), polyvinylpyrrolidone (PVP, Molecular 
weight~40,000g/mol, Sigma Aldrich), and 1-methyl-
2-pyrrolidinone (NMP, 99%, Sigma Aldrich) were 
used to fabricate PES substrate. For active layer 
formation, M-Phenylenediamine (MPD, flakes,99%, 
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Sigma Aldrich) in deionized (DI) water and 
1,3,5-Benzenetricarbonyl chloride (TMC, Sigma 
Aldrich) in hexane (Emsure®, Supelco) were 
utilized. Flat sheet FO membrane was purchased 
from HTI Technology (USA) and Aquaporin 
Inside (Denmark). 1-butyl-3-methylimidazolium 
tetrafluoroborate ([Bmim][BF4]), Sigma Aldrich 
with purity 98% and sodium chloride were used 
as draw solution.

2.2 Support/substrate Layer Fabrication
2.2.1 Dope solution preparation

The dope solution which consisted of  
polyethersulfone (PES) polymer, polyvinylpyrrolidone 
(PVP) and N-methyl-2-pyrrolidone (NMP) will be 
mixed to produce the homogenous dope solution 
based on previous study [29]. The mixture then 
will be stirred vigorously at 300 rpm at room 
temperature until the honey-like texture solution 
obtained. Prior to the casting process, the dope 
solution will be left for a period of  time to remove 
air bubbles that have formed due to stirring. 

2.2.2 Casting of  porous support layer
The fabrication of  support layer will be 

done using semi-automated casting machine. 
The casting knife thickness will be adjusted 
accurately to form neat and uniform membrane 

layer. The porous support layer will be produced 
by pouring the appropriate amount of  dope 
solution onto the glass plate and let the casting 
knife to scatter the solution evenly. Gently and 
speedily, the dope film on the glass plate will be 
soaked into the coagulation bath to allow the 
phase inversion process. After 1-2 minutes, the 
white film/membrane or membrane substrate 
layer will automatically peel off  from the glass 
plate. The membrane layer will be stored and 
soaked in deionized water overnight to remove 
the excess solvent. 

2.3 Active Layer Formation
For the formation of  polyamide layer, two 

immiscible solutions; MPD and TMC solution are 
used. The 2 wt% of  MPD solution will be prepared 
by dissolving 2 g of  MPD palette in 100ml of  
distilled water. Meanwhile, 0.15 g of  TMC will 
be dissolved in 100 mL of  hexane to form TMC 
solution with 0.15 wt% of  concentration. The 
porous support membrane produced will be cut 
into square shaped and clamped horizontally using 
acrylic frame before pouring MPD solution on the 
top of  membrane surface for 10 minutes. After 
removing the excess MPD from the surface, TMC 
will be poured onto the MPD coated membrane 
and left out for 2 minutes to complete the interfacial 

Figure 1. FO process schematic diagram.
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polymerization process. The thin film composite 
(TFC) FO membrane produced will be dried in an 
oven for 5 minutes to evaporate the excess hexane 
and stored in a container containing deionized 
water until further use.

2.4 Membrane Morphology Characterization
The surface and internal structures of  both 

the fabricated and commercial membranes were 
analyzed using a field emission scanning electron 
microscope (FESEM) JSM-7800F model from 
JEOL Ltd. The samples were coated with gold 
before imaging with FESEM. The FESEM im-
ages were captured at different magnifications 
with range 100 to 30 000 times under a vacuum 
condition of  5 kV for better resolution.

2.5 Forward Osmosis Experiment Setup
A laboratory-scale circulating arrangement 

was employed to carry out FO experiments 
by using commercial Aquaporin (AQP), HTI 
cellulose triacetate (CTA) and fabricated flat 
sheet membrane. Two types of  feed solution of  
0.04 M of  NaCl (brackish water) and 0.6 M of  
NaCl (sea water) and two type of  draw solution 
of  NaCl and selected TRILs with concentration 
0.04 – 0.20 M (brackish water) and 0.6 – 3.0 M 
(sea water) were tested in the FO experiment. 100 
mL of  feed solution and draw solution were used 
to carry out the FO process at room temperature. 
A peristaltic pump was utilized to circulate the 
feed and draw solutions in a loop on either side of  
the membrane cell, with a co-current flow rate of  
60.0 mL/min. [30]. The membrane was vertically 
placed inside the membrane cell, creating two 
compartments: one for the feed solution and the 
other for the draw solution. The orientation of  
the membrane was determined by the filtration 
mode being used. In FO mode, the active layer 
of  the membrane faced the feed solution channel, 
while in PRO mode, it faced the draw solution. 
The initial conductivity of  the feed solution was 
measured. 

The experiment was conducted using the 
“One Factor at a Time” (OFAT) method. Initially, 
the performance of  the commercial membrane 
was evaluated, followed by an assessment of  
membrane orientation. Once the best commercial 
membrane and orientation were identified, they 
were compared with the performance of  the 
fabricated membrane.

2.6 Determination of  Water Flux and Reverse 
Salt Flux

The water flux, Jw (LMH) was determined 
by monitored the weight of  the draw solution 
using a computer-linked balance. The data was 
automatically exported at 5-minute intervals until 
the process was complete. The water flux was 
calculated using (Eq. 1) [31]:
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images of  the top and bottom Aquaporin (AQP), 
CTA, and PES/PVP membranes. The CTA 
membrane’s active surface was smooth (figure 
2(a)), whereas the AQP membrane exhibited 
rough ridge-and-valley features (figure 2(b)). The 
PVP membranes (11% and 7%) had a typical 
structure resembling the AQP membrane (figure 
2(c) and (d), respectively), with surface roughness 
increasing as the percentage of  PVP decreased. 
The excessive of  PVP will cause the dope solution’s 
viscosity to rise. This increased viscosity hinders 
the exit of  PVP from the polymer-rich phase, 
leading to a membrane structure with reduced 
pore formation and roughness [33]. Meanwhile, 
the roughness of  the AQP membrane surface 
indicates typical polyamide surface features [34]. 

According to Chun et al., (2018), this roughness is 
attributed to the AQP-containing vesicles, which 
have diameters ranging from 100 to 200 nm [35]. 
These vesicles maintain their original properties 
and integrity due to the incorporation of  AQP, 
enabling higher permeate water flux [36].

The support substrate of  the FO membrane 
is an essential component that affects the 
membrane’s stability, selectivity, and performance. 
Figures 3(a)-(d) provide a comparison of  the 
support substrates for the CTA and AQP FO 
membranes. The AQP membrane’s nonwoven 
support appeared denser (Figure 3(b)) than that 
of  CTA, which had a woven mesh support layer 
(Figure 3(a)). The nonwoven support of  AQP is 
known to provide enhanced structural stability 
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and CTA (c), aquaporin (d), 11% PVP (e) and 7% PVP (f).
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and improved mechanical properties, leading to 
higher durability and longer operational lifespan. 
On the other hand, the woven mesh support of  
CTA provides higher porosity, which promotes 
better water permeability but also lower tortuosity, 
which can decrease the membrane’s selectivity [16].

The woven mesh support layer present in 
the CTA membrane led to a highly non-uniform 
membrane thickness, with regions away from the 
mesh fibers being thinner than those near the 
fibers. This non-uniformity had a significant impact 
on the internal concentration polarization (ICP) 
phenomenon that occurs during FO processes. 
ICP causes the concentration of  the solutes in 
the boundary layer adjacent to the membrane to 
increase, leading to a reduction in water flux. The 
presence of  the woven mesh support layer in CTA 
contributed to a more significant ICP compared 
to AQP, which had a more uniform membrane 
thickness and higher water flux [28 - 29]. Overall, 
the differences in support substrate characteristics 
between AQP and CTA membranes can significantly 
affect FO process performance, emphasizing the 
importance of  choosing an appropriate support 
substrate for FO membrane fabrication.

Another aspect of  membrane fabrication that 
affects the membrane structure and properties is the 
concentration of  the polymer used in the casting 
solution. Figures 3(e) and (f) show the difference 
in pore distribution between membranes produced 
with 7% and 11% PVP concentration, although 
their sponge-like and porous web structure appears 
identical. Numerous studies have demonstrated 
that TFC membranes with an ideal support layer 
characterized by a thin sponge-like structure offer 
significant advantages in terms of  their ability 
to withstand high pressures and achieve high 
performance [39], [40]. At the same magnification, 
the membrane with 7% PVP displayed a more 
uniform pore size and distribution compared to 
the 11% PVP membrane. The larger amount of  
PVP in the 11% PVP membrane slowed down the 
precipitation process, resulting in slower demixing, 
particularly in the bottom layer of  the membrane 

(closest to the glass slide) [13]. These differences 
in pore distribution can impact the membrane’s 
permeability and selectivity, highlighting the 
importance of  best condition in casting solution 
composition in membrane fabrication.

3.2 Forward Osmosis Performance
3.2.1 Effect of  membrane type

This study compared two types of  commercially 
available FO membranes: one is composed of  
cellulose triacetate (CTA) with a polyester mesh 
embedded for mechanical support, which has 
been extensively used in various FO processes 
and research. The second type is a relatively new 
membrane composed of  a thin-film composite 
(TFC) membrane, where aquaporin proteins are 
embedded in a polyamide layer to stabilize vesicles. 
It is supported by a porous polysulfone layer [41].
In the experiment, the draw solution was composed 
of  0.08 M NaCl and [Bmim][BF4], while the feed 
solution contained 0.04 M NaCl. The water flux 
results were presented in Figure 4, and it was 
observed that the AQP membrane exhibited better 
performance in terms of  water flux compared to 
the CTA membrane. Specifically, the recorded 
water flux with the AQP membrane was around 
0.98 LMH, which was 25% higher than that of  the 
CTA membrane. This finding is consistent with 
a previous study conducted by Xia et al., (2017), 
which also demonstrated the superior water flux 
performance of  the AQP membrane. As a result, 
the Aquaporin membrane was selected for the 
remainder of  the study due to its better water 
flux performance [42].

Furthermore, Figure 4 shows that [Bmim]
[BF4] generates higher water flux compared 
to NaCl. This is attributed to the higher draw 
ability of  [Bmim][BF4] due to its higher degree 
of  ionic liquid association in water, as indicated 
by the predicted Van’t Hoff  factor. The predicted 
Van’t Hoff  factor (i) for [Bmim][BF4] reported in 
previous study is 2.19 by using group contribution 
method (GCM) [43]. In ideal conditions, i value 
would be 2 for completely dissociated charged 
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species in water, but in real systems, ion pairing 
can occur, resulting in lower or higher i values. 
For instance, the experimental value for NaCl is 
i = 1.89. [44].

3.2.2 Effect of  membrane orientation
To evaluate the performance of  the Aquaporin 

membrane, two filtration modes were compared: 
FO mode and PRO mode. In FO mode, the 
active selective layer faced the feed solution, 
while in PRO mode, it faced the draw solution. 
The experimental setup used 0.08 M of  [Bmim]
[BF4] and NaCl as the draw solute and 0.04 M of  
NaCl as the feed solution, with the Aquaporin 
membrane as the filtration membrane.

The water flux values for both [Bmim][BF4] 
and NaCl were measured for PRO and FO modes, 
and the results showed that the water flux values 
for [Bmim][BF4] were 1.11 and 0.93 LMH for 
PRO and FO modes, respectively, while those 
for NaCl were 0.89 and 0.76 LMH for PRO and 
FO modes, respectively, as illustrated in Figure 5. 
Water flux values for both [Bmim][BF4] and NaCl 

were determined for PRO and FO modes, with 
[Bmim][BF4] showing higher water flux values 
in both modes. The water flux in PRO mode 
was approximately 15% higher than that in FO 
mode, which can be attributed to the presence 
of  internal concentration polarization (ICP) in 
the porous layer of  the membrane that affects 
osmotically driven membrane processes. Previous 
studies have shown that ICP can significantly 
reduce water flux in FO, with reductions of  over 
40% reported [34 - 35].

The phenomenon of  internal concentration 
polarization (ICP) occurs in osmotically driven 
membrane processes due to the asymmetrical 
structure of  the FO membrane. Dilutive ICP 
occurs when the porous layer faces the draw 
solution in FO mode, and water permeates 
through the membrane to dilute the draw solution. 
Concentrative ICP, on the other hand, occurs 
when the porous layer faces the feed solution in 
PRO mode, and the solute from the feed cannot 
penetrate the active layer, leading to a concentrative 
polarization layer within the pore of  the support 
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Figure 4. Comparison of  water flux at different type of  membrane.
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layer. Zhao et al., (2011) have reported that the 
feed solution and the degree of  concentration 
are the key factors affecting the efficiency of  the 
two modes. They also concluded that water flux 
is higher in PRO than in FO mode. Therefore, in 
this study, the PRO mode was chosen to achieve 
high water flux [47].

3.2.3 Effect of  feed and draw solution 
concentration 

Once the best membrane and orientation 
were identified based on their performance, the 
impact of  feed and draw solution concentrations 
on water flux and reverse salt flux was investigated. 
Initially, the performance was tested using 
simulated brackish water with a concentration of  
0.04 M NaCl, followed by testing with seawater 
with a concentration of  0.6 M NaCl. Various 
concentrations of  draw solution, ranging from the 
same concentration as the feed solution up to five 
times higher, were used to obtain water flux and 
reverse so RSD measurements for [Bmim][BF4]. 
According to the data presented in Figure 6, the 

7% PVP membrane with 0.2 M of  [Bmim][BF4] 
draw solution achieved the highest water flux of  
4.19 LMH, followed by AQP at 3.36 LMH, and the 
11% PVP membrane at 2.56 LMH, using the same 
draw solution concentration. However, for the 11% 
PVP membrane with draw solution concentrations 
below 0.12 M, the RSD exceeded the water flux. 
Similarly, for the 7% PVP and AQP membranes 
with 0.04 M draw concentration, the reverse salt 
flux was also greater than the water flux. On the 
other hand, Figure 7 (seawater) revealed that the 
5% PVP membrane achieved the highest water 
flux of  4.93 LMH at 3.0 M draw concentration, 
followed by AQP at 2.89 LMH, and the 11% 
PVP membrane at 2.67 LMH. However, the AQP 
membrane exhibited the highest RSD of  0.76 
gMH, followed by the 7% PVP membrane at 0.69 
gMH and the 11% PVP membrane at 0.45 gMH, 
at a draw concentration of  0.6 M [Bmim][BF4].

The experimental results indicated that an 
increase in draw solution concentration led to a 
corresponding increase in water flux and a decrease 
in RSD in all cases. This can be attributed to 
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Figure 5. Comparison of  water flux at different type of  membrane orientation.
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Figure 6. Water flux and RSD for brackish water as feed solution.

Figure 7. Water flux and RSD for seawater and as feed solution.
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the higher osmotic pressure difference between 
the feed and draw solutions at higher draw 
concentrations, resulting in a reduction in salt 
retention and an increase in salt deposition on the 
membrane surface. This phenomenon resulted 
in a decrease in RSD from the draw to the feed 
solution. Similar observations were reported by 
previous studies such as Sivertsen et al., (2018) 
and Giagnorio et al., (2019) where a lower draw 
solution concentration produced a lower osmotic 
driving force, resulting in slower salt deposition 
on the membrane surface [37 - 38]. 

The permeability characteristics of  a membrane 
are significantly influenced by the morphology 
of  its top and bottom layers, including surface 
roughness and pore distribution. The membrane 
composed of  7% PVP and 15% PES was observed 
to have the highest water flux in this study. The 
reason behind this could be attributed to the 
morphology of  the membrane, where the top 
layer was denser and rougher, while the bottom 
layer had a more porous structure. The rough and 
dense top layer provided a larger surface area for 
water molecules to permeate through, while the 
sponge-like bottom layer created more pathways 
for water to flow. This combination of  a rough 
and dense top layer with a sponge-like bottom 
layer resulted in a membrane with the optimal 
pore distribution for water permeation.

4. CONCLUSIONS
In conclusion, two types of  membrane had 

successfully fabricated in this study with different 
concentration of  7 % and 11 % PVP with 15% 
PES. The 7% PVP membrane achieved highest 
water flux which is 4.93 LMH with 0.48 gMH RSD 
using 3.0 M of  [Bmim][BF4] as draw solution and 
artificial sea water 0.6 M of  NaCl as feed solution. 
This fabricated membrane exhibited the highest 
water flux, which could be attributed to its unique 
morphology with a rough and dense top layer and 
a sponge-like bottom layer. It was also observed 
that increasing the draw solution concentration 
led to an increase in water flux and a decrease 

in RSD, due to the higher osmotic pressure 
difference between the feed and draw solutions. 
However, excessive draw solution concentrations 
can lead to high reverse salt flux, which should 
be considered when optimizing the performance 
of  FO desalination membranes. 

Through this study, some recommendations 
are suggested to improve the overall FO process in 
terms of  ILs selection. It is proposed that designing 
ILs as draw solutes or using FO membranes with 
high selectivity or low affinity towards specific ILs 
could enhance the efficiency of  the FO process. 
Despite the lower membrane fouling tendency 
in FO compared to RO, further research should 
explore the potential corrosiveness of  cellulose-
based membranes when exposed to certain IL 
species, as previous studies indicate a possibility of  
cellulose dissolution [50], [51]. Overall, the findings 
of  this study can contribute to the development 
of  more efficient and effective membranes for 
FO desalination applications.
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