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Introduction
Desalination is a process of removing mineral components from 
water and often used to obtain potable water from seawater and 
brackish underground waters, which have mineral concentrations 
that reach up to 35,000 mg/L [1]. Membrane processes such 
as Microfiltration, Nanofiltration, Ultrafiltration and Reverse 
Osmosis are currently used for brackish water and seawater [1,2]. 
These filtration processes have been utilized in commercial water 
treatment systems for decades, with their global market reaching 
up to an estimated USD 26.3 billion in the year 2017 and an 
expected yearly growth of 8.5% [3]. The quality of filtration 
membrane has improved significantly with distinctive advantages 
such as low fouling properties, higher chemical resistance 
tolerance and good mechanical strength [1]. The membrane-based 
water filtration system also offers a more robust and consistent 
solid-liquid separation process to produce good quality potable 
water [1]. Separation of materials through the membrane depends 
on three basic principles: adsorption, sieving and electrostatic 
phenomenon [4,5]. The adsorption mechanism is based on 
hydrophobic interactions of the membrane and the analyte, and 
these interactions normally lead to more rejection because it 
causes a decrease in the pore size of the membrane [1,6]. The 
membrane system has its own inherent challenges. The system 
is susceptible to fouling and scaling [7,8]. Fouling is a result 
of concentration polarization that takes place when a rejected 
component increases at the boundary layer near the membrane 
surface [9]. The phenomenon can damage the membrane, thereby 
leading to a decrease in permeate flux and reduction in the life 
of a membrane [1,10]. On the other hand, membrane scaling 

occurs when dissolved substances precipitate from the solution and 
accumulate on the membrane surface or lodge in its pores [1]. This 
blockage eventually forms a cake layer when the membrane system 
is put into operation and decreases membrane performance [1,10].

Polyethesulfone (PES), Polysulfone (PSF), Polyvinyl difluoride 
(PVDF) and Polypropylene (PP) are some of the preferred 
membranes in water treatment due to their robust mechanical, 
structural and chemical stability [11-13]. However, these polymeric 
membranes are not suitable for harsh conditions. Their surfaces 
are susceptible to fouling due to their hydrophobic nature, which 
is viewed as a setback in their application as membrane materials 
[11]. Research effort has already been directed towards fabricating 
nanofibers from pure PSF for water treatment. For example, PSF 
nanofiber membranes were reportedly obtained from 20 wt% PSF, 
and subsequently applied as pre-filters for particulate removal 
[14]. However, fiber formation was overshadowed by occasional 
formation of beads. The resultant nanofiber membranes possessed 
high porosity, which together with their high surface area produced 
high flux pre-filters with high loading capacity [14]. There is on-
going research which is seeking to increase hydrophilic properties 
of PSF membrane surface. The existing reports include blending 
PSF with hydrophilic inorganic nanoparticles or grafting with 
hydrophilic and functional polymers to increase the surface 
hydrophilic and antifouling properties [15,16]. Blending of 
graphene oxide (GO) or graphene oxide-titanium dioxide (GO-
TiO2) mixture into the polysulfone matrix had been carried out 
through phase inversion method to enhance the hydrophilic and 
antifouling properties, thereby making the blended membrane 
more hydrophilic with an increase in permeability, retention and 
antifouling capacity [11]. Hydrophilicity was also achieved by 
blending PSF with titanium dioxide (TiO2) via phase inversion 
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or hydrothermal method [17,18]. The produced nanofibers 
were used to make polysulfone ultrafiltration membranes in 
the presence of polyethylene glycol as pore forming agent. The 
composite membranes demonstrated promising performance in 
both permeability and antifouling property [18]. 

Recently, PSF based membranes blended with PVP were prepared 
to treat batik industrial wastewater [19]. The PSF/PVP membranes 
were prepared using the phase inversion method and the study 
aimed to observe the effect of adding PVP on PSF membrane 
permeability and antifouling performance on a laboratory scale 
through the ultrafiltration (UF) process [19]. The study proved 
that the addition of a very low amount of PVP can still affect 
the increase in membrane flux and hydrophilicity values [19]. 
Generally, blending can generate hydrophilic membranes which 
possess excellent separation performance, good thermal and 
chemical resistance to survive the harsh wastewater environments 
[19-21]. 

In this work, we herein report successful fabrication of bead-
free hydrophilic PSF/PVP blend membrane, with a view to 
demonstrating that hydrophobicity of PSF can be reduced by 
systematic addition of PVP to PSF. The membrane was fabricated by 
electrospinning and has been fully characterized by spectroscopic 
and microscopic techniques. Whereas phase inversion is a 
commonly used approach to blend polymers, electrospinning is 
a unique fabrication technique, and a straightforward nanofiber 
production technology that can produce nanofibrous nonwovens in 
the order of few nanometers with superior mechanical properties 
and ease of functionalization [22,23]. Electrospun materials offer 
a high surface area to volume ratio, high porosity and permeability 
and controllable fiber diameters [22]. The PSF/PVP membrane 
prepared in this work proved to be a promising material for removal 
of salinity, and to the best of our knowledge, this work represents 
the first investigation of electrospun PSF/PVP membrane in water 
desalination. 

Experimental
Materials
The polymers polysulfone, PSF (Mw = 35 000) and 
polyvinylpyrrolidone, PVP (Mw = 360 000) and the solvent N, 
N-dimethylacetamide (DMAc, 99.9%), were purchased from 
Sigma-Aldrich and were used as received. Saline water was 
collected from a borehole in Kang village (Kgalagadi District), 
Botswana. A simple filtration set up was built in our laboratory.

Fabrication of PSF/PVP Membranes
Electrospinning experiments were carried out on a FLUIDNATEK 
LE-100 electrospinning unit. PSF/PVP spinning solution 
was prepared by dissolving PSF and PVP in 20 mL N, 
N-dimethylacetamide. A homogeneous solution was attained 
after 12 h of stirring at room temperature. Fiber formation was 
achieved by electrospinning the solutions under high voltage. The 
suitable voltage required to create a Taylor cone was within the 
range 25-30 kV, and the applied voltage transformed the polymer 
solution into a charged jet stream. The polymer jet streams were 
deposited on a rotating or stationery collector. Furthermore, the 
suitable feed was established to be in the range 1.0-2.8 mL/hr, 
while the sufficient flight distance for the polymer jet fell within 
the range 15-25 cm. The membranes were heat treated in an oven 
at 190 °C for 4 h.

Membrane Characterization
Studies of viscosity, surface tension, pore size, mechanical 
strength, hydrophilicity and thermal stability were performed by 
means of a Brookfield Viscometer, Force Tensiometer, Porolux 
500 Porometer, MTS Criterion Tensile Tester, Optical Tensiometer, 
and Mettler Star System Differential Scanning Calorimetry 
respectively. Characterization and morphological analysis of the 
PSF/PVP fibers were performed using SHIMADZU IRTracer-100 
Fourier Transform Infrared Spectrophotometer, SHIMADZU 
UV-2600 UV-VIS Spectrophotometer, Empyrean Pananalytical 
X-ray diffractometer and Gemini SEM 500 Scanning Electron 
Microscope. 

Preliminary Desalination Experiments
Membrane water content measurements were performed by 
following the procedure described by Moradihamedani et al [24]. 
The membrane was pre-weighed, soaked in tap water for 24 h 
and weighed again.

The Water Content was Calculated using the Following Expression
%Water content = [Ww – Wd)/Ww] x 100; where: Ww and Wd are 
the weights of wet and dry membranes respectively [24]. 

The membrane permeability was studied using pure water flux 
measurements. The experiments were carried out under gravity. 
Fiber sheets were cut into disks of 7.5 cm diameter and the disks 
placed on a porous funnel, with a collector at the other end. In a 
typical permeability experiment, 350 mL of distilled water was 
added to the funnel, after which the permeate was collected after 
4 min (Figure 1A).

Figure 1A: Permeability and Separation Performance Set Up 
(Membrane Thickness = 0.252 mm, Diameter = 7.5 cm)

Permeability J was Calculated from the Expression
J = Q/(A x Δt); where: Q = quantity of permeate, A = surface area 
of membrane (m2) and Δt is sampling time.

The performance of the membrane in the removal process was 
evaluated based on the flux measurement and the rejection 
percentage [24]. In a typical desalination experiment, 350 mL 
of borehole water was filtered in a porous funnel containing the 
PSF/PVP membrane and the filtrate collected on the other end. In 
another experiment, the pre-weighed membrane was simply soaked 
in borehole water for 24 h, dried at 70 °C for 48 h and weighed 
again to determine adsorption capability of the membrane. Salinity 
measurements were carried out using TDS measuring instrument.
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Results and Discussion
Membrane Fabrication
An initial attempt was made to fabricate PSF fibers using 10, 
18, 20, 22 and 25 wt% PSF polymer solutions. However, the 
fibers were marred by countless, spherical beads and poor fiber 
forming ability. Bead formation is the most common type of defect 
encountered in electrospun fibers, but effects of parameters such 
as polymer molecular weight, solvent, weight concentration and 
salt additives on the number and morphology of beads in the 
electrospinning process have not been studied quite substantially 
[25-28]. Qualitatively, beads may be expected at times during 
the electrospinning whenever the surface tension forces tend to 
overcome the forces that favor the elongation of the continuous jet 
[26]. Theoretical analysis of the mechanism of bead formation has 
been attempted and the analysis predicted two modes of instability 
that could develop in extending the jet: Rayleigh instability, which 
is mostly governed by the surface tension, and the conducting 
instability governed mainly by the electrical conductivity of the 
fluid [26]. Yuan et al and Khan & Kafiah  suggested that lower 
viscosity and conductivity of the lower concentration PSF solutions 
could possibly be the causes of bead fiber morphology [29,30]. 
These beads disappeared as the solution concentration increased 
beyond 25%(wt/vol) [29,30]. In view of the electrospinning factors 
highlighted above, different PSF/PVP blend ratios: 20:0, 18:2, 
16:4, 14:6, 12:8 and 10:10 wt% were investigated. The PSF/
PVP blend in DMAc gave a clear solution, which culminated in 
a clean white membrane following electrospinning of the clear 
solution (Figure 1B). 

Figure 1B: Camera Images of PSF/PVP (16:4) Solution and PSF/
PVP (16:4) Membrane

Remarkably, beads formation got suppressed when the PSF/
PVP ratios 18:2, 16:4, 14:6, 12:8 wt% were applied. However, 
at 10:10 wt%, the fibers became very thick with occasional 
beads, suggesting that the ratio gave poor blending. Viscosity 
measurements showed that 20 wt% PSF had low viscosity, thereby 
making it susceptible to splitting and stretching during spinning, 
leading to beaded fibers. As PVP concentration increased from 
2 to 8 wt%, the solution viscosity of PSF/PVP blend almost 
doubled. This general pattern suggested that the polymer jet 
would overcome splitting and stretching, thereby supporting the 
fabrication of bead-free and continuous fibers. Conversely, surface 
tension measurements returned a high surface tension value for 20 
wt% PSF. However, these values increased as PVP concentration in 
the PSF/PVP blend increased from 2 to 8 wt%, thereby facilitating 
the production of bead-free fibers. Solution viscosity and surface 
tension measurements are provided in Table 1.

Table 1: Solution Viscosity and Surface Tension Measurements 
of PSF/PVP Blends

 Blend ratio
PSF/PVP

 Viscosity 
(cP)

Surface Tension (mNm-1)

 20:0 270 35.98
 18:2  585 35.27
 16:4  660 35.19
 14:6  1398 34.65
 12:8  2439 34.19
 10:10  2670 33.49

Membrane Characterization
SEM Analysis of Membranes
Untreated Membranes
SEM images of PSF/PVP (18:2), PSF/PVP (16:4) and PSF/PVP 
(10:10) wt% fibers demonstrated continuous fibers of varying 
thickness, and the fiber thickness became extremely large as the 
PSF/PVP blend ratio approached 10:10 wt% (Figure 2).

Figure 2A: SEM Image of PSF/PVP (18:2) Fibers

Figure 2B: SEM Image of PSF/PVP (16:4) Fibers
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Figure 2C: SEM Image of PSF/PVP (10:10) Fibers

Heat Treated Membranes
PSF/PVP membranes were heat treated with a view to improve 
the mechanical strength and membrane compactness [31-33]. The 
membranes were heated in an oven at 190 °C for 4 h. The selected 
temperature is above glass transition temperatures of PSF (185 °C), 
PVP (188 °C) and boiling point of DMAc (165 °C). Generally, 
heating results in diffusion of the solvent to the surface of the 
nanofibers, thereby giving better contact between the membrane 
fibers. The morphology of the fibers changed completely and 
demonstrated better contact between the fibers after heat treatment 
(Figure 3). However, when the membranes were heated beyond 
6 h, they disintegrated, forming grass-like flakes (Figure 3C), 
thereby suggesting that there is heating threshold beyond which 
heating affects membrane integrity.

Figure 3A: SEM Image of PSF/PVP (18:2) Fibers after 4 h of 
Heat Treatment

Figure 3B: SEM of PSF/PVP (16:4) Fibers after 4 h of Heat 
Treatment

Figure 3C: SEM of PSF/PVP (16:4) Fibers after 6 h of Heat 
Treatment

Mechanical Strength, Porosity Measurements and Thermal 
Analysis
Mechanical properties of both non-heated and heated PSF/PVP 
blends were determined by applying a gradually increasing tensile 
force to the sample along its long axis until a deformation and 
rupture occurred. For non-heated membranes, the membranes 
exhibited high tensile stress and high elongation to break (Table 
2A). Tensile stress decreased in the PSF/PVP blend membranes 
as PVP concentration increased. PSF/PVP (10:10) material 
remained the weakest with poor stretching ability, which could 
be attributed to its high porosity. However, there was a very 
significant increase in mechanical strength of the PSF/PVP 
membranes after heating, thereby suggesting that heat treatment 
improves membrane mechanical stability. The pore sizes of the 
membranes also got reduced during heat treatment (Table 2B), 
which could be attributed to the alignment of the molecules of the 
membranes in response to the heating effect [31]. It is therefore 
proffered that heat treatment adjusts membrane pore sizes and 
improves selectivity and mechanical strength [31,32].

Table 2A: Mechanical Strength Data for Non-Heated and Heat 
Treated PSF/PVP Membranes

Blend 
ratio

PSF/PVP

Non-heated membrane Heat treated membrane
Peak stress 

(MPa) 
Strain at 

break (%)
Peak stress 

(MPa) 
Strain at 

break (%)
20:0 15.3 65.59 ----- ----
18:2 13.7 45.14 21.9 13.6
16:4 11.8 29.13 19.3 11.2
14:6 3.1 17.08 18.9 9.5
12:8 1.9 14.85 13.3 7.0
10:10 1.6 12.34 12.7 5.7
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Table 2B: Porosity Determination of PSF/PVP Membranes 
before and after Heat Treatment

Blend 
ratio 

PSF/PVP

Non-heated membrane Heat treated membrane
Smallest 
pore size 

(µm) 

Bubble 
point size 

(µm) 

Smallest 
pore size 

(µm) 

Bubble 
point size 

(µm) 
18:2 3.855 6.398 3.099 6.399
16:4 4.822 9.598 3.999 6.666
14:6 6.398 9.599 4.200 6.390
12:8 6.422 9.597 4.950 5.998
10:10  6.490 9.598 3.670 5.999

FTIR Analysis
Blending of PSF with PVP was justified by FTIR analysis of the 
membranes to identify the vibration frequency peaks of PSF and 
PVP before and after blending. FT-IR spectra of PSF, PVP and 
PSF/PVP (16:4) blend are presented in Figure 4. Absorption bands 
due to ring stretching vibrations in PSF were observed at 1586, 
1490, 1318 and 1243 cm-1, which was ascribed to the ν(C = C), ν(C 
– H), ν(CH3), and ν(C – O) respectively [34]. The other observed 
bands at 1151 and 1013 cm-1 were attributed to ν(S = O) and ν(C – 
O) for the sulphone and ethereal groups in PSF. The IR spectrum 
of free PVP showed absorption bands at 1692, 1558, 1507, 1419 
and 1287 cm-1. These bands were assigned to the ν(C = O), ν(C = 
C), ν(C – N), ν(C – H), and ν(CH2) vibrations respectively [35]. 
For the PSF/PVP polymer blend, three prominent features were 
observed in the spectrum: a shift to lower vibration frequency from 
1692 to 1683 cm-1 in the C=O band, complete loss of vibration 
frequency peak at 1287 cm-1 (–CH2–) in PVP, and associated 
decrease in intensity of these signals [34].

Figure 4: FTIR characterization of PSF, PVP and PSF/PVP blend

Surface Wetting Characteristics and Membrane Water 
Content
Surface wetting characteristics of neat PSF and PSF/PVP blend 
membranes were established to deduce the extent to which 
hydrophobicity of PSF was altered. This property generally 
quantifies wettability of a solid surface by a liquid via the Young’s 
Equation, and its interpretation is such that low contact angle 
values indicate that the liquid spreads on the surface well while 
high contact angle values demonstrate poor spreading [35,36]. 
Neat PSF membrane (20 wt%) recorded a high contact angle of 
89.90°, thereby justifying its hydrophobic nature. The contact 

angle for PSF/PVP 18:2 blend decreased to 87.02°, therefore 
suggesting that PSF/PVP 18:2 became slightly hydrophilic 
due to the incorporation of PVP. A more significant increase in 
hydrophilicity was observed in the PSF/PVP 16:4 (49.81°) blend 
as PVP concentration doubled. Furthermore, the PSF/PVP 10:10 
membrane contact angle value of 17.64º represented an extremely 
hydrophilic polymer blend. 

Membrane water content measurements were performed to 
confirm hydrophilicity of the membranes. All the membranes 
recorded % water content above 90%. The PSF/PVP 12:8 
membrane exhibited the highest water content (99.0%) due to its 
high PVP concentration. The % water content increased as PVP 
concentration increased. However, the trend was somehow lost in 
PSF/PVP 10:10 membrane despite its high-water content (98.5%), 
which was not surprising because it was already established that a 
10:10 ratio gave poor blending of PSF with PVP. Contact angle and 
membrane water content measurements are provided in Table 3.

Table 3: Hydrophilicity and Membrane Water Content 
Measurements of PSF/PVP Blends

Blend ratio
 PSF/PVP

 Contact Angle (°)
 

% Water content

 20:0  89.90  0.00
 18:2  87.02  94.7
 16:4  49.81  97.3
 14:6  33.19  98.6
 12:8  25.04  99.0
 10:10  17.64  98.5

Removal of Salinity from Borehole Water
Kgalagadi, a desert region with lack of perennial water bodies 
relies solely on groundwater, but the water is saline in nature due 
to chemical accumulation, generally making the water unsuitable 
for human consumption. The salinity level of the borehole water 
in Kgalagadi is high (over 6 000 mg/L). Typically, natural water 
bodies contain different types of salts; NaCl, KCl, MgSO4, MgCl2, 
CaCO3, and Na2SO4, which are the major targets for desalination 
processes [37].

Permeability tests on PSF/PVP membranes were carried out under 
gravity to demonstrate that the membranes are highly economical 
with low energy consumption. The quality of desalination 
membranes has in recent times improved significantly with 
distinctive advantages such as low fouling properties, higher 
chemical resistance tolerance and good mechanical strength, 
thereby offering a more robust and consistent solid-liquid 
separation process to produce good quality potable water [1]. The 
membranes exhibited good permeability, which was observed to 
increase with increasing PVP concentration in the blend. PSF/PVP 
(10:10) membrane recorded the highest flux, thereby verifying its 
high degree of wettability (Figure 5). 

Figure 5: Water Permeability Test for PSF/PVP Membranes
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The Results of Salinity Removal Experiments are Presented in 
Table 4, 5 and 6. Removal Efficiency was Calculated as Follows

R (%) = 1 – (Cf/Ci) x 100%; where,
R = removal efficiency
Ci = initial concentration (feed)
Cf = final concentration (permeate)

Although the removal efficiency of the membrane was remarkably 
low (15%) when it was preliminarily subjected to salinity removal 
(Table 4), the PSF/PVP blend membrane demonstrated the 
potential to remove salt from borehole water. Conversely, PSF/
PVP desalination membranes prepared by phase inversion have 
reportedly exhibited very high efficiencies of over 80% when the 
membranes were subjected to saline water or wastewater treatment 
[20,38]. However, our study has indeed confirmed the findings of 
Febriasari et al and others that, addition of PVP to PSF improves 
membrane flux and hydrophilicity values [20,37-39].

Considering that salinity removal was done via filtration of saline 
water under gravity, and that the pores size of the membranes is 
in the micrometer range, we propose adsorption as the possible 
mechanism through which the salt was removed from borehole 
water. Typically, size exclusion membranes should possess pore 
sizes of around 0.75 nm, which would be close to that of hydrated 
ions (Na+, Mg2+, Cl–) for successful separation of salt and water 
[37]. When a PSF/PVP membrane was used repeatedly without 
refreshing, removal efficiency suffered greatly, reaching very low 
values of 5% (Table 5), thereby suggesting that the salt particles 
fouled the membrane and reduced the surface of interaction 
between membrane molecules and the salt [40]. 

Soaking the membrane in saline water was an attempt to demonstrate 
that the membrane could potentially act as an adsorbent for 
desalination which would require insignificant costs and energy 
[41]. The membrane returned a low removal efficiency of 10%. 
According to Dhumal & Sadgir, the process of adsorption in the 
earlier stages of the experiment is rapid since the accessibility of 
unoccupied regions on the surface of the adsorbent are providing 
ease of admission for ions [41]. However, as the available active 
sites become saturated with ions, it gradually reduces the removal 
rate of adsorption after achieving equilibrium [42]. It can thus be 
argued that the 10% removal efficiency was realized in the earlier 
stages of the experiment. Though its removal efficiency was quite 
low (around 15%) (Table 6), the membrane still demonstrated 
some capacity to remove salt from borehole water, thereby giving 
the researchers an interesting result to ponder on. 

Table 4: Salinity Removal Experiments when a new Membrane 
was Used in Each Run

Run Salinity 
before (mg/L)

Salinity after 
(mg/L)

% Salt 
removal

1 6 060 5 132 15.3
2 6 060 5 120 15.5
3 6 060 5 125 15.4
4 6 060 5 110 15.7

Table 5: Salinity Removal Experiment when the Membrane 
was not Changed

Run Salinity 
before (mg/L)

Salinity after 
(mg/L)

% Salt 
removal 

1 6 060 5 110 15.7
2 6 060 5 422 10.5
3 6 060 5 588 7.8
4 6 060 5 760 5.0

Table 6: Salinity Removal Experiment by Soaking Membrane 
in Saline Water

Run Salinity 
before (mg/L)

Salinity after 
(mg/L)

% Salt 
removal 

1 6 060 5 424 10.5
2 6 060 5 466 9.8
3 6 060 5 448 10.1
4 6 060 5 436 10.3

A PSF/PVP membrane that was used in salinity removal 
experiment was taken for SEM imaging to confirm interaction of 
the membrane with the salt. SEM image showed presence of white 
crystals within the fiber structures (Figure 6A), thereby suggesting 
that the membrane possesses capacity to remove salt from saline 
water through adsorption. Furthermore, EDX analysis of the same 
membrane showed presence of Na+ and Cl- in borehole water in 
an almost 1:1 ratio of the elemental concentrations (Figure 6B).

Figure 6A: SEM Image of PSF/PVP Membrane after Removing 
Salinity from Borehole Water

Figure 6B: EDX Analysis of PSF/PVP Membrane
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Considering the Data and Observations Made above, we Herein 
Propose the Following Reaction Mechanism for the Interaction 
between PSF/PVP Membrane Surface and Sodium Chloride

Scheme 1: Proposed reaction mechanism for PSF/PVP composite 
membrane with NaCl in saline water

According to our proposed mechanism (Scheme 1), the main 
adsorption takes place at the sulfone group, where sodium ions 
bind with the electron deficient oxygen atoms. The electron-rich 
sulphur atom containing two lone pairs of electrons shares these 
electrons with the incomplete orbital shell of chlorine atoms to 
form a Lewis structure (SCl2) covalent bond. A similar adsorption 
mechanism occurred with the PVP polymer. Furthermore, the lone 
pair electrons on the nitrogen atom are shared with the incomplete 
orbital of the chlorine atom to form a covalent bond.

Conclusion
Bead-free PSF/PVP membrane has been successfully prepared by 
electrospinning. Contact angle measurements showed that there 
was significant increase in hydrophilicity when PSF/PVP blend 
ratio reached 10:10 wt%. Tensile stress was observed to decrease 
as PVP concentration in the PSF/PVP increased. Furthermore, the 
membranes exhibited good permeability, which was observed 
to increase with increasing PVP concentration in the blend. 
PSF/PVP (10:10) membrane recorded the highest flux, thereby 
verifying its high degree of wettability. The membrane was heat 
treated with a view to adjusting its pore sizes and improving 
its mechanical strength and compactness. However, heating the 
membrane beyond 6 h resulted in disintegration of the membrane, 
thereby suggesting that there is heating threshold beyond which 
heating affects membrane integrity. Though the removal efficiency 
was quite low, the PSF/PVP blend membrane demonstrated 
some potential to remove salt from borehole water. Against this 
background, the researchers propose adsorption as the possible 
interaction through which the salt was removed from borehole 
water. An improvement, such as reduction of the membranes pore 
sizes to nanometer range would increase separation efficiency of 
the membrane.
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