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This study reports the fabrication and performance evaluation of electrospun nanofiber
membranes made from recycled acrylic (polymethyl methacrylate (PMMA)) for use in
air gap membrane distillation (AGMD) systems targeting high-salinity brine desalination.
Scanning Electron Microscopy (SEM) confirmed that the membranes possessed a uniform,
highly porous nanofibrous structure with interconnected pores conducive to vapor transport.
Atomic Force Microscopy (AFM) revealed a rough surface morphology, while water
contact angle measurements exceeding 121° indicated excellent hydrophobicity, critical for
effective liquid, vapor separation. Fourier-transform infrared spectroscopy (FTIR) verified
the preservation of key ester functional groups, confirming the chemical integrity of the
recycled acrylic. Performance testing was conducted under various feed temperatures (45—
65 °C), flow rates (0.2-0.4 L/min), NaCl concentrations (35-140 g/L), and air gap distances
(6-9 mm). The membranes achieved a maximum flux of 9.2 kg/m?-h at 65 °C and 0.4 L/

min. As expected, higher salt concentrations reduced flux due to lower vapor pressure and
increased concentration polarization. Despite variations in operating conditions, salt rejection
consistently exceeded 99.994%, demonstrating excellent selectivity and operational stability.
These results highlight the potential of recycled acrylic-based nanofiber membranes as a
sustainable and high-performance solution for brine desalination using AGMD.
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INTRODUCTION

The rapid increase in the world’s population, along with rising living standards and expanded
industrial and agricultural activities, has led to a growing global demand for fresh water. About
the year 2000, this demand was approximated at around 4000 billion cubic meters, and it is
expected to rise by more than 58% by 2030 (Fernandes et al., 2025). In developing countries,
there is an even sharper rise in water demand, with water demand projected to increase by
above 93%, far exceeding the growth rates in developed regions. The maximized demand
for clean water, coupled with limited freshwater resources, underscores the urgent need for
efficient technologies capable of producing potable water from saline sources (Shahzad et al.,
2019). The same as various desalination techniques, membrane distillation (MD) has gained
increasing attention because of its relatively simple design and its ability to operate effectively
at moderate temperatures, typically between 45 and 85 °C.

Unlike conventional desalination methods, MD tends to be less subject to membrane fouling
and scaling. Consequently, it generally requires less intensive feed water pretreatment (Abid
et al., 2023). Also, MD systems function under low pressure, which contributes to reduced
equipment and operational costs (Soumbati et al., 2025). The basic principle of MD involves
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a vapor pressure gradient across a hydrophobic microporous membrane. That membrane
enables available water vapor to pass, although it avoids the transmission of water liquid
(Criscuoli, 2021). an encouragement of advances in this region includes the improvement of
the MD membranes that are useful for electrospun polymeric nanofibers. These fibers offer
several benefits, including a high surface-area-to-volume ratio, tunable surface characteristics,
mechanical robustness, and chemical flexibility, all of which contribute to enhanced water
vapor transport and improved overall membrane performance (Huang et al., 2003). Due to its
features, electrospun membranes were discovered to have applications beyond desalination,
such as in drug delivery systems (Abdulhussain et al., 2023), emerging energy technologies
(Islam et al., 2019), water splitting (Zhang et al., 2022), smart packaging (Zhang et al., 2023),
chromatography (Chigome et al., 2011), and wastewater treatment (Alkarbouly and Waisi,
2022).

For a successful MD operation, membranes must exhibit certain critical properties. This high
hydrophobicity resists wetting, low tortuosity and thermal conductivity to ensure efficient vapor
flow and reduce heat loss, and thermal and chemical stability under harsh conditions. These
polymers have been electrospun to meet these demands, such as polypropylene (PP) (Fang et
al., 2012), polyvinylidene fluoride (PVDF) (Albiladi et al., 2023), and polytetrafluoroethylene
(PTFE) (Defor and Chou, 2024). Incorporating recycled Perspex, a commercial type of
polymethyl methacrylate (PMMA), into membrane production has environmental and economic
benefits. The perspex is a common thermoplastic with high transparency, mechanical strength,
and chemical resistance (Alietal.,2015), giving itan excellent choice for membrane applications.
Recycling this material not only lowers plastic waste and pollution, however; it also provides a
low-cost alternative to virgin polymers, which contributes to membrane fabrication. This study
encourages a circular economy strategy by reusing post-consumer acrylic waste, while also
meeting the worldwide need for economical and high-performance materials in water treatment
technology.

The electrospinning provides several advantages over more traditional membrane fabrication
techniques, such as melt spinning, sintering, and phase inversion. It allows the occurrence of
ultrafine fibers at room temperature application of a high-voltage electric field (Liu et al., 2023).

The electrospinning method has been extensively adopted to fabricate different polymeric
membranes from various precursor polymers. The PVDF nanofiber membrane was utilized for
DCMD configurations, giving promising results with a stable water flux of about 21 kg/m?-h,
which was obtained when the concentration of NaCl in the feed water was 3.5% NaCl solution
at 50°C, and with water contact angles greater than 135° (Liao et al., 2011). In another study,
a dual-layer membrane consisting of electrospun structural PVDF nanofibers and active top
electrospun polymethyl methacrylate (PMMA) nanofibers (25% and 75% PVDF, respectively)
was explored. The rejection salt and water flux of this membrane were 99.76% and 44.2 kg/
m?-h, respectively (Safi and Waisi, 2023).

The current study describes the preparation of an innovative electrospun nanofibrous
membrane from melted recycled acrylic (PMMA) for air gap membrane distillation (AGMD)
to meet the continuous need for membranes, which are high-performing, cheap, and eco-
friendly. Through appropriate tuning of the polymer solution composition and process
parameters, researchers were able to achieve bead-free and defect-free fibers, suggesting a
stable electrospinning process and a uniform fiber formation. The morphology was investigated
by scanning electron microscopy (SEM) for surface morphology and atomic force microscopy
(AFM) for surface topography, while surface hydrophobicity was determined by water contact
angle (WCA) measurements and chemical composition using Fourier transform infrared
(FTIR) spectroscopy. The permeation performance of these membranes was further studied
under different operating conditions of AGMD, including feed temperature, feed flow rate, salt
concentration in the feed, and different AG thicknesses. The findings described in this report
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have great potential to assist in the sustainable development of desalination applications.
MATERIALS AND METHODS

Waste acrylic material was used, primarily composed of polymethyl methacrylate (PMMA)
and commercially known as Perspex, which was collected from an advertisement shop. it
is a rigid thermoplastic commonly used as a glass alternative in windows, eyeglasses, and
aquariums. The organic solvents N,N-Dimethylformamide (DMF) (density: 0.948 g/cm?®) and
Chloroform (CHCIs) (density: 1.49 g/cm?®) were supplied by Alfa Aesar and used to dissolve
the recycled acrylic. Sodium chloride (NaCl), purchased from Sigma-Aldrich, was used to
prepare the saline (brine) feed solutions for the membrane distillation experiments to evaluate
the membrane performance.

The recycled acrylic-based nanofiber membranes were fabricated using the electrospinning
technique, as described in (Safi and Waisi, 2023). Initially, rigid acrylic plastic waste was ground
into smaller fragments using an electric grinder. The resulting powder was first dissolved in
chloroform (CHCIs), followed by the gradual addition of N,N-dimethylformamide (DMF). The
mixture was stirred magnetically at room temperature for 5 hours to ensure complete dissolution
of the polymer and to obtain a homogeneous spinning solution (Subbiah et al., 2005). The
uniform polymer solution was then placed in the 5 mL syringe, which was connected to a
syringe pump for electrospinning. The solution was pumped with a flow rate of 2 mL/h, with
a 13 cm distance between the dispenser tip and the collector. Electrospinning was started with
a high voltage of 18 kV, and the polymer jet was extruded by a 21-gauge needle (21 x 1'2").
The fibers were gathered on a rotating drum to generate a fibrous nonwoven web of about (13
by 30 cm). The relative humidity was kept at 20% during the procedure. After fabrication, the
membranes were allowed to dry with solvent vapor loss minimized by using room temperature.
Finally, the membranes were dried and kept in clean plastic containers to avoid contamination
before characterization and testing (Navarro-Tovar et al., 2025).

Several numbers of analytical techniques were employed to investigate the physical,
chemical, and surface characteristics of the fabricated membranes. The Scanning Electron
Microscopy (SEM) (National Institutes of Health, USA) was utilized to capture high-resolution
images of the surface morphology and topography of the recycled acrylic (RA)-based nonwoven
nanofiber membranes, using a focused electron beam to reveal fine structural details. To ensure
the chemical composition, Fourier Transform Infrared Spectroscopy (FTIR) (Spectrum 1800,
Shimadzu, Japan) was carried out. This identifies a functional group technique by determining
molecular bond vibrations, effectively providing a molecular “fingerprint” unique to the material
(Coates, 2000). Surface roughness and nanoscale features were examined using Atomic Force
Microscopy (AFM) (SPM AA300, Angstrom Advanced Inc., USA). The AFM estimated three-
dimensional surface maps and valuable insights into fiber morphology and pore distribution
across the membrane surface. The hydrophobicity of the membranes was evaluated through
water contact angle (WCA) measurements, conducted using a goniometer (Theta Lite TL101,
Biolin Scientific, USA). Images were analyzed using dedicated software to determine the contact
angle by A small water droplet was carefully placed perpendicular to the membrane surface.
This method remains a reliable approach for assessing surface wettability and hydrophobic
character. All characterization procedures were performed at room temperature (approximately
20 °C) under standard ambient laboratory conditions.

A schematic of the air gap membrane distillation (AGMD) setup is shown in Fig. 1. AGMD
has garnered considerable attention in recent years due to its high thermal efficiency and
relatively low electrical energy consumption, positioning it as a promising solution for water
desalination.

In this setup, the heated saline feed is delivered to the upper surface of a flat-sheet membrane
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Fig. 1. The schematic of the evaluation of the membrane performance within the AGMD setup.

module via a peristaltic pump. The flow rate is controlled using a valve and monitored with a
pressure gauge to ensure consistent operating conditions. As the feed water flows along the
membrane surface, water vapor is generated and transported through the hydrophobic membrane
pores, driven by the vapor pressure gradient across the membrane.

The vapor then passes through a quiescent layer of air between the membrane and a chilled
condensing surface. When it gets to the cold, cold side, it condenses into liquid water. After
reaching the cold side, the vapor condenses to a liquid, water. With its flow controlled and
measured, the second peristaltic pump pumps cold water behind the condensation plate. The
permeate (i.e., condensate) is collected at the outlet in a graduated measuring cylinder, and the
temperature of the hot and cold inlets and outlets is continually recorded with digital sensors
for accurate thermal control. The condensed water (permeate) is collected at the outlet with the
graduated measuring cylinder, while temperatures at the hot and cold stream inlets and outlets
are measured digitally by sensors to achieve accurate thermal control. The salinity concentration
of the feed and permeate is monitored by a portable digital conductivity meter (TDS EC pH
Temp Salinity Meter) (Kariman et al., 2025). The test is performed in steady-state and held for
3 h. The membrane module is made up of acrylic (Perspex) panels, selected for their chemical
resistance, thermal stability, and ease of machining. Each of these internal chambers of the
module is 7 cm x 7 cm with a depth of 1.5 cm. To evaluate the performance of the system,
the following two parameters were determined: permeate flux (J) (kg/m?.h) (Al-Harby et al.,
2023) and salt rejection (R%) (Hardikar et al., 2023). They are calculated using the following
equations:

Vxp
1
Axt M)
Where the permeate flux is represented in (kg/m?.h), V is the freshwater volume (L), p is the
water density (kg/L), t is the operational time (hour), and A is the area of the membrane.
R% = G-G x100 (2)
Cl

Where here, R is the salt retention, C1 is the feed concentration, and C2 is the concentration
of the permeate.

J=

The thickness of the air gab is effective in determining the performance of Air Gap
Membrane Distillation (AGMD) systems. In terms of function, the air gap serves both as a
barrier to mass transfer and as a thermal insulator between the membrane and the condensation
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surface. This insulation helps minimize heat loss through conduction across the membrane
(Shahu and Thombre, 2019). However, an increased air gap height offers more vapor diffusion
resistance, and it will greatly decrease the permeate flux. Nevertheless, increasing the air gap
thickness results in higher resistance to the vapor diffusion, which may reduce the permeate
flux extensively (produces a negative correlation) (Matheswaran et al., 2007). It is important
to carefully tune the thickness of the air gap because a smaller gap will decrease the diffusion
resistance and improve mass transfer, and vice versa, to go beyond the right balance and get
increased vapor flux simultaneously. An essential requirement for this is an accurate air gap
thickness optimization. It is promoting the vapor transport effectively by keeping enough
thermal insulation, necessary to achieve the best distillation performance corresponding to
AGMD systems.

The feed temperature is generally acknowledged as the most critical parameter affecting
the efficiency of membrane distillation (MD) units. This is mainly because the driving force
for mass transfer in MD is the vapor pressure of the liquid, which increases steeply with
temperature (according to Antoine’s equation). And indeed, with an increasing feed temperature
(if the temperature difference between the hot feed and the cold condensation surface remains
constant), the vapor pressure at the hot side rises. These results in an enhanced vapor pressure
drop across the membrane, which leads to the increase of vapor transport and eventually an
increase of permeate flux (Nayeri and Mousavi, 2024). The performance of MD is extremely
sensitive to thermal conditions, particularly the feed side; therefore, its temperature should be
accurately controlled to keep it at the best condition.

The flow rates have a significant effect on the reaction. The feed flow rate in the membrane
module serves for both heat and mass transfer. With the increase of flow rate, Reynolds number
increases as well, and thinner convective heat and mass boundary layers are formed above the
membrane surface. These thinner skins have lower transport process resistances and enhance
the vapor pressure drop across the membrane. Thereby, a high feed flow rate, which is often
associated with better mass transfer between vapor and permeate and improved permeate flux
(Adewole et al., 2022). In this regard, the manipulation of the feed flow rate represents an
efficient manner to enhance the overall productivity and performance of AGMD modules.

The salinity of the feed solution also has a beneficial effect on membrane distillation
performance. As according to Raoult’s Law, when the salt concentration increases, the vapor
pressure of the solution decreases, thereby reducing the driving force for the mass transfer. In
addition, accumulation of solute close to the membrane surface would lead to concentration
polarization, defining a boundary layer at the top that hampers vapor transfer. This effect, along
with the thermal boundary layer, increases the local viscosity and therefore leads to a higher
barrier to mass transfer (Onsekizoglu, 2012). Although membrane distillation is more tolerant
of high-salinity feeds than pressure-driven processes like reverse osmosis, the permeate flux
generally declines as salt concentration increases.

RESULTS AND DISCUSSION

Theresults of membrane characterization showed that the surface morphology of the fabricated
15 wt.% recycled acrylic-based nanofibers membrane was investigated using scanning electron
microscopy (SEM), as shown in Fig. 2. The SEM image reveals that the average fiber diameter
was estimated to be 1.12 £ 0.28 um, based on measurements of 100 individual fibers using
Imagel. The diameter distribution indicates consistent fiber formation ranging between 0.5 to
1.5 um, which is a relatively broad distribution. Such fine fiber dimensions contribute to a high
surface-area-to-volume ratio, which is beneficial for mass transfer in membrane distillation (MD)
applications. The absence of beads and surface defects indicates a stable electrospinning process
resulting in homogeneous fiber formation. The interconnected fibrous network is expected
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Fig. 2. The surface morphology of the prepared recycled acrylic-based non-woven nanofibers membranes (A) the SEM image.
(B) The histogram of the fiber diameter distribution.
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Fig. 3. The FTIR spectra of recycled acrylic-based nanofiber membranes.

to provide sufficient mechanical support while maintaining a high degree of hydrophobicity,
critical for maintaining liquid-vapor separation. Moreover, the nanofibrous architecture allows
for efficient vapor diffusion, potentially improving water flux while maintaining high salt
rejection. The random orientation of fibers forms a highly porous structure, which is essential for
promoting vapor transport while minimizing thermal conductivity and the risk of pore wetting.
The FTIR spectrum (Fig. 3) displays characteristic absorption bands that confirm the chemical
structure of PMMA.. The peaks observed at 3024.38-3059.10 cm™ are attributed to alkenic C—H
stretching vibrations (Ren et al., 2021). While the strong absorptions in the 2995-2840 cm™
range correspond to C—H stretching of —CHs and —CH>— groups, consistent with the aliphatic
backbone of PMMA. A prominent peak at 1749.5 cm™, along with the broader range from
1676.14-1942.32 cm™, represents the C=0 stretching vibration of ester groups, confirming the
presence of acrylic components in the nanofiber membrane (Chakka et al., 2017). The bending
vibrations of CH: and CHs groups are evident at 1460.9 and 1381.5 cm™, respectively. In the
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Fig. 4. Image of atomic force microscopy (AFM) of recycled acrylic-based nanofibers membrane.

Fig. 5. The surface water contact angle of the fabricated recycled acrylic-based nanofibers membrane.

1260-1000 cm™ region, multiple peaks correspond to C—O—C stretching vibrations of the ester
moiety. Additionally, peaks in the 840-750 cm™ region (including 756.1 and 698.3 cm™) are
associated with out-of-plane bending of —CH: groups or side-chain vibrations. Collectively,
these spectral features confirm the successful synthesis of PMMA nanofibers with intact ester
functionalities and indicate the high chemical purity of the electrospun membrane, as no
significant signals of degradation or contamination were detected.

Additionally, the AFM 2D and 3D images of the acrylic membrane, shown in Fig. 4, the
surface roughness of the fabricated electrospun nanofiber membranes. The RA-based membrane
was found to have an average surface roughness (Ra) of 132.9 nm and a mean diameter of 98.68
nm.

Therefore, the surface roughness of the electrospun membranes is related to the diameter
of the nanofibers. It is noted that increasing roughness will make the hydrophobic membrane
surface more hydrophobic.

Fig. 5 shows the image of contact angle measurement of a water droplet (WCA) on the
membrane surface. The WCA was found to be 121.85°, indicating a highly hydrophobic surface.
This value is considered suitable for membrane distillation (MD) applications. Hydrophobic
surfaces exhibit strong water-repellent properties, making it difficult for water to wet the surface

To evaluate the potential of the fabricated membranes for brine water desalination, experiments
were conducted using an Air Gap Membrane Distillation (AGMD) configuration. The study
investigated the influence of key operational variables, including feed water temperature,
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Table 1. Effect of air gap thickness on the permeation flux at 0.3L/min, 55 and 35 g/L NaCl.

Air Gap Thickness (mm) Permeate Flux (kg/m*-h) Salt Rejection (%)
6 5.8 99.998
9 32 99.999

feed flow rate, salt concentration, and air gap thickness, on permeate flux performance to
identify optimal conditions for flux enhancement. The cold-side temperature and flow rate
were maintained constant at 20 °C and 0.3 L/min, respectively. The hot-side inlet temperature
was varied across three levels: 45 °C, 55 °C, and 65 °C. Additionally, hot-side flow rates were
adjusted to 0.2, 0.3, and 0.4 L/min. The feed solutions used were NaCl brines at concentrations
of 35, 70, and 140 g/L to simulate different levels of salinity. Throughout the experiments, the
air gap thicknesses were varied to assess the impact on the desalination efficiency and permeate
flux.

Air gap thickness plays a crucial role in determining the performance of AGMD systems. In
this study, its effect was evaluated under constant conditions: a brine concentration of 35 g/L,
coolant temperature of 15 °C, feed and coolant flow rates of 0.3 L/min, and a membrane
thickness of 300 um. The air gap thickness was varied from 9 mm to 6 mm using custom-
designed acrylic panel inserts. As shown in Table 1, a reduction in air gap thickness led to a
notable increase in permeate flux. This is primarily due to the decreased mass transfer resistance
on the permeate side; thicker air gaps introduce greater resistance to vapor diffusion, thereby
lowering flux. The selectivity of water vapor was found to be inversely proportional to air gap
thickness, as a thinner gap enhanced both temperature and concentration gradients across the
membrane (Matheswaran et al., 2007). Importantly, despite variations in air gap thickness, the
membrane consistently exhibited excellent desalination performance, achieving salt rejection
values ranging from 99.998% to 99.999%. Based on these findings, an air gap thickness of
6 mm was selected for the remainder of the experiments in this study.

The influence of feed temperature on permeate flux was examined under controlled
conditions, with a brine concentration of 35 g/L, a coolant temperature of 15 °C, a coolant
flow rate of 0.3 L/min, a feed flow rate of 0.3 L/min, a membrane thickness of 300 pm, and an
air gap thickness of 6 mm. The feed temperature was in the range of 45 to 65°C, with all other
parameters kept the same. As shown in Fig. 6, with all other parameters unchanged, as the feed
temperature increased, an increase in flux of the distillate was observed. This was due to a
significant increase in the saturated vapor pressure of water, and an improvement of the driving
force for water-vapor transport through the membrane. This relationship is quantified by the
Antoine equation, which characterizes how vapor pressure increases with liquid temperature,
determining the mass transfer in MD operations (Safi et al., 2020). Even though high feed
temperature proved to increase permeate flux, some attention should be given, on one hand, to the
increased energy consumption in warming up feed solution and, on the other, to the deleterious
effect of high temperature on membranes’ lifetime. Higher feed temperatures enhance the vapor
pressure difference across the membrane and consequently enhance the driving force of mass
transfer in the membrane distillation (MD) process. This thermal gain requires more energy
supply, especially at relatively high temperatures above 60 °C, with an increasing massive
heating load occurring (Al-Sairfi et al., 2023). Maximum flux was achieved at 65 °C, and this
temperature can be considered as the optimum operation in the present study, taking also into
account its potential use in desalination plants. At a temperature of 65°C, it offered an effective
compromise between performance and energy efficiency, delivering high water recovery, thus
maintaining a relatively reasonable thermal energy requirement, thus supporting its suitability
for efficient brine treatment using the AGMD technology.
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Fig. 7. The influence of feed flow rate on the permeate flux of RA-based membrane at 55°C, 6 mm and 35 g/L NaCl solution
using the AGMD configuration.

The feed flow rate is a critical operating variable that significantly influences the performance
of membrane distillation (MD) systems. To estimate its impact on the AGMD setup, experiments
were conducted under the previously described conditions. As shown in Fig. 7, increasing the
feed flow rate from 0.2 to 0.4 L/min resulted in a nearly linear increase in distillate flux. These
improvements can be attributed to increased turbulence within the flow channel, which promotes
better mixing and mass transfer across the 15 wt.% acrylic nanofiber membrane. The rise in
Reynolds number associated with higher flow rates leads to a reduction in the thickness of the
hydrodynamic boundary layer, improving the heat transfer coefficient and thereby minimizing
the temperature polarization effect on the feed side.

This finally results in a more effective driving force for vapor transport. Particularly,
because of increased feed flow rates, the fabricated membranes maintained excellent separation
performance, with salt rejection values ranging from 99.996% to 99.999% across the tested
flow rates (Said et al., 2020).

The salt concentration in the feed solution is a vital component influencing the performance
of AGMD systems. In this study result, the impact of feed salinity was evaluated by different
the salt concentration from 35 to 140 g/L while keeping all other operating parameters
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Table 2. Comparison with other studies of membrane researchers’ operating conditions and permeate flux in AGMD

Temp. of Flow rate  Conc. Air gap Time Permeate Salt
Membrane name fee d[;:’C) of feed of feed thickness of exp. flux Rejection Ref.
(L/min)  (g/L) (mm) (h) (kg/m?*-h) (%)
PVDF-co- (Woo et al.,
HEP +graphene 40 0.2 35 3 60 22.9 100 2016)
PVDE/GO-APTS 40 0.5 35 2 15 10.7 ~100 (Keggg(f)t al,
(Feng et al.,
PVDF 40 0.35 60 2 600 42 99.9 2008)
FGO-4/PVDF 40-60 0.16 35 4 8 5332143 99.9 (X;%;;‘l"
Waste acrylic 45-65 03 35 6 24 4.5-7.65 99.999 Present work

material (PMMA)

constant. As shown in Fig. 8, the distillate flux was highest at the lowest salt concentration and
decreased significantly as the salt concentration increased. This decline in performance can
be attributed to several factors. First, as salt concentration rises, the vapor pressure of the feed
solution decreases, thereby reducing the driving force for mass transfer. Second, concentration
polarization near the membrane surface may increase, further hindering vapor transport.
Additionally, high salinity levels may promote surface fouling, which can reduce membrane
efficiency over time. Despite the reduction in flux, approximately 60 % as the salt concentration
increased from 35 to 140 g/L, the fabricated hydrophobic membranes maintained excellent salt
rejection capabilities, with values ranging from 99.998% to 99.994%, indicating their strong
potential for high-salinity desalination applications (Alftessi et al., 2022).

The RA-based membrane demonstrates competitive AGMD performance in an air gap
thickness of 6 mm compared to other previously reported membranes (shown in Table 2),
owing to its highly porous nanofibrous structure with interconnected pores that facilitate vapour
transport.

Additionally, water contact angle measurements exceeding 121° indicate excellent
hydrophobicity, which is essential for effective liquid—vapor separation and confirms the
important rule that recycled acrylic-based nanofiber membranes are environmentally sustainable
and also highly effective for cost-effective (economical), high-salinity brine desalination in
AGMD. The high-water flux of 22.9Kg/m*.h and nearly 100% salt removal were achieved
by the PVDF-HFP/graphene nanofibrous membrane in a 3 mm air gap, further demonstrating
the potential in MD-based desalination and water treatment may be attributed to the excellent
inherent hydrophobicity of the PVDF-HFP polymer (WCA value of 142.3° for the pristine
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PVDF-HFP membrane) as well as the high porosity of 88.7% (Woo et al., 2016). Compared to
another membrane, the RA material is more inexpensive and practical for further modification
or grafting because of the available surface functional groups.

Membrane performance (at best operating parameters), including operational stability over
24 hours, is a crucial factor in assessing the suitability of a new membrane for MD applications.
Generally, it can be identified that membrane wettability and permeate flux are considered the
main goals for improving the membrane fabrication technique. We conducted the operation
using the best operating conditions obtained with a feed temperature of 65°C, a feed rate of
0.4 L/min, a coolant temperature of 15°C for the AGMD (thickness of 6 mm), and the feed
solution prepared by dissolving 35 g/L of NaCl in distilled water. The MD test was carried
out for 24 hours, and the membrane performance was compared depending on the permeate
flux and salt rejection. The RA-based fabricated electrospun membrane with high performance
was selected and explained before due to its high hydrophobicity, so no significant changes
in the permeate flux were observed during the period of 24 hr., maintaining a flux of 9.2 kg/
m?-h and high salt rejection rates of 99.999%, as shown in Fig.9. The nanofiber membrane
showed no observable signs of wetting, fouling, or structural degradation and maintained its
hydrophobicity and mechanical integrity under operational conditions, sustaining the vapor
pressure difference across the membrane, making it a good candidate for AGMD applications,
with an uncomplicated fabrication technique used via electrospinning. Despite efforts to develop
highly non-wetting membranes with superhydrophobic surfaces, minimal performance stability
is still a real challenge for MD.

CONCLUSIONS

This study demonstrated the successful fabrication of electrospun nanofiber membranes
using recycled acrylic as a sustainable polymer source for Air Gap Membrane Distillation
(AGMD) applications. The membranes exhibited favorable morphological and physicochemical
characteristics, including a uniform and highly porous fiber network, notable surface roughness,
and strong hydrophobicity, with water contact angles exceeding 121°. FTIR analysis confirmed
the preservation of functional groups, indicating good chemical integrity and thermal stability.
The membranes were evaluated in a custom-designed AGMD system under a range of operating
conditions, including feed temperatures between 45 and 65 °C, flow rates 0o 0.2 to 0.4 L/min, salt
concentrations from 35 to 140 g/L, and air gap thicknesses of 6 to 9 mm. The highest permeate
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flux (9.2 kg/m?-h) was recorded at 65 °C and 0.4 L/min and was maintained steadily over a
24-hour period. Performance analysis revealed that increases in feed temperature and flow rate
enhanced flux, primarily by increasing vapor pressure and mitigating temperature polarization.
In contrast, larger air gap thicknesses and higher salt concentrations contributed to lower flux
due to elevated mass transfer resistance and concentration polarization effects. Nonetheless, the
membranes consistently delivered high salt rejection rates, ranging from 99.994% to 99.999%,
underscoring their reliability and selectivity even under challenging conditions. Overall, the
findings highlight the potential of recycled acrylic-based nanofiber membranes as an effective
and environmentally responsible option for desalinating high-salinity brines using AGMD. This
work supports the broader goal of developing sustainable, cost-effective membrane materials
for future water treatment technologies.
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