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Many researchers have shown that improving the hydrophilicity of the membrane will 
reduce the membrane fouling and enhance the permeation flux. Accordingly, this paper 
examines the effect of incorporating Salicylic acid (SA)  in Polysulfone (PSF) substrate 
layers of thin film composite (TFC) nanofiltration (NF) membranes onto the morphology, 
hydrophilicity, permeation, and salt retention properties. For this purpose, SA was 
blended at different weight ratios into the PSF/ Polyvinyl pyrolidone (PVP) casting 
solution to improve the hydrophilic and permeation properties. TFC membranes were 
fabricated by coating the PSF substrates with Polyamide (PA) thin films. The effects of 
PSF, PVP  and SA dosages in the casting solutions on the membrane flux and rejection 
were studied. Samples of the fabricated membranes were characterized by X-Ray 
Diffraction (XRD)  ,Scanning Electron Microscope (SEM), Fourier Transform Infrared 
Spectroscopy (FTIR), Water contact angle measurement, Brunauer Emmet Teller (BET) 
and Dynamic Mechanical Analysis (DMA). The results exhibited an improvement in the 
hydrophilicity and mechanical properties with an increase in the surface area of the 
acid-modified membranes. The fabricated membranes were applied to remove salts 
from water. Permeate flux and Na2SO4 rejection of the pure PSF membrane were 15 
L/m2h and 77.7%, whereas for PSF/SA were 29.6 L/m2h and 92.2 % at 5 bar pressure. 
As a conclusion, the addition of SA gives rise to membranes with higher  permeate flux 
and salt rejection than the pure membrane. Also, the substrate layer fabricated from 
16% PSF and 0.35% PVP with 0.35 % SA gives the best possible performance for the 
obtained membrane. 

 

1. Introduction  

Membrane-depended separation technologies have 
manifested their unparalleled power for the seawater 
desalination and remediation of manufacturing wastewater, 
which make them one of the prospective solutions for the 
present water crisis [1,2]. Separation methods by 
membranes can be assorted as microfiltration (MF), 
ultrafiltration (UF), nanofiltration (NF), and reverse osmosis 
(RO). Membranes are in general assorted by pore size, 
structure and mechanism of separation [3]. 

Among diverse membrane processes, NF process 
characterizes by low required pressures, high fluxes, high 
rejections of multivalent salts and low operation costs 
giving rise to be used in numerous separation and 
treatment processes such as treatment of water with a low 
content of ion (e.g., surface water and fresh ground water)  
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with a fundamental objective of water softening 
(multivalent ions removal), wastewater treatment, removal 
of color and micro pollutants, chemical and biological 
oxygen demand reduction (COD and BOD respectively), 
pharmaceutical and biochemical industries. Nanofiltration 
is susceptible to fouling as with any other membrane 
process. Fouling occurs by adsorption of solute particles 
comprising: colloidal, organic and biofouling, in addition to 
salt precipitation either on top of membrane or inside its 
pores. As fouling makes membrane efficiency worse and 
existence period shorter, therefore it is necessary to 
explore methods to promote antifouling NF membranes 
[4]. Numerous studies have focused recently on 
decreasing the membrane fouling. According to studies, 
Fouling can be reduced by the following methods: (1) 
blending PSF with hydrophilic nanoparticles, (2) blending 
with hydrophilic polymers, (3) adding monomers or 
functional groups and coating with hydrophilic polymers 
[5].  Multilayered TFC polyamide membrane is one more 
significant evolution in the membrane science including 
(1) upper ultra-thin film PA stratum (0.1–1µm) established 
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through IP of amine or diamine monomers (like m-
phenylene diamine (MPD), Piperazine (PIP) or 
triethanolamine (TEOA) in aqueous phase and acyl 
chloride monomers (like TMC or isophethaloyl chloride 
(IPC) in organic phase, (2) In between PSF porous 
substrate and (3) non-woven polyester texture in the 
undermost. Those TFC membranes are types of 
nanofiltration membranes which largely utilized in the 
removal of salts and organics from water [6]. In TFC 
membranes, the upper-thin film and the support under-
layer can be separately amended regarding structure, 
stability, and efficiency [7]. To investigate the effect of a 
support layer on the formation of NF membrane, many 
studies have been done in the past recent years to 
examine the effect of changing the support layer 
properties on the properties of ultra-thin PA selective layer 
[8-10]. It is believed that the morphology and the efficiency 
(i.e. permeability and rejection) of a TFC membrane may 
be altered with the use of different substrate properties 
[8,11,12]. Researchers have executed numerous studies 
to examine the influences of polymer dosage and 
additives on the performance of the porous support layer. 
The membrane porosity is influenced greatly by the 
dosage of polymer in the casting solution [13]. Increasing 
the polymer concentration  results in a lower porosity as a 
result of increasing the solution viscosity, thus reducing 
transmission rates and slowing the demixing process [14]. 
Mohamed E.A. Ali et al. examined the impact of doping 
appointed organic acids in PSF casting solution onto the 
efficiency of NF membranes contains a thin film 
composed from m-phenylenediamine and TMC. The acid-
modified PSF/TFC membranes displayed an increase in 
both of salt rejection and water flux with respect to the 
primal membrane. Water flux and salt rejection (%) of the 
primal membrane was 7.6 L/m2h and 65.4 %, whereas 
PSF/methacrylic acid, PSF/tartaric acid, and PSF/lactic 
acid were  16.8, 18.5 and 20.2 L/m2h and 88, 88.2 and 
94.1%, respectively [15]. N. Ghaemi et al. concluded  that 

incorporating of some organic acids (ascorbic, citric, and 
maleic acid) in the casting solution of NF membrane 
influenced the membrane morphology and improved the 
membrane performance [16]. A. Akbari et al. revealed that 
the addition of lactic acid, maleic acid, and citric acid in 
the casting solution of TFC NF membranes resulted in an 
enhancement in the water flux whilst the effect on salt 
rejection was low [17]. They attributed this to improving 
the hydrophilicity and porosity of the membranes due to 
the carboxylic and hydroxyl functional groups of the 
organic acids [18]. The present work aims to investigate 
using SA for enhancement of the hydrophilicity and 
permeability of PSF/TFC nanofiltration membranes in the 
presence of PVP as a pore forming agent. The impacts of 
PSF, PVP, and SA concentrations in the casting solutions 
on the membrane efficiency were studied. To the best of 
our knowledge, no report has been published regarding 
studying SA effects on PSF nanofiltration performance 
and membrane structure. 

2. Materials & methods 

2.1 Materials 

Polysulfone granule (PSF, Udel P 3500 LCD MP7, Mn 
= 22,000); was used as the membrane based polymer. 
Salicylic acid (SA) was used as an additive (M.w. 138, loba 
Chemie) additive. Polyvinyl pyrolidone (PVP) to form pores 
(M.w. 40,000, Alpha Chemika). 1, 3, 5-Benzene-tricarbonyl 
trichloride (TMC) (> 98%), Piperazine anhydrous (PIP) 
(Merck, Germany) were utilized in establishing the PA thin 
film. N, N-Dimethylformamide (DMF) (99.9 %, CARLO 
ERBA) was used as a solvent for PSf and PVP. N-hexane 
was analytical grade and used as a solvent for TMC. 
Sodium sulfate (Na2SO4, 99.5 %), Sodium chloride (NaCl, 
99%, LIVE CHEM), Magnesium chloride (MgCl2) 
(ALDRICH) and Calcium Sulphate (CaSO4) (98.5 %, 
Chemie-Pure) salts were used for preparation of the feed 
solutions. Chemical structures of PSf/ PVP and SA are 
illustrated in Fig. 1. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Chemical structures of (a) PSF, (b) PVP and (c) SA. 

 
2.2 Fabrication of PA/TFC membranes 

 NF membranes of PSF substrates with an asymmetric 
flat sheet structure were created using the phase inversion 
method. Table 1 presents the casting solution formulations. 
To prepare the casting solution, specific amounts of PSF, 
PVP and SA were dissolved in a solvent of DMF under 
vigorous stirring for 12 h at 70 ºC until a homogeneous 

solution was obtained. PVP and/or SA was first dissolved 
then PSF is added.  To remove the air bubbles formed in 
the solution during its preparation (degassing), the dope 
solution was kept static for 4 h at room temperature (RT). 
Then, the prepared solution was casted without 
evaporation on a polyester non-woven fabric. 
Subsequently, the coated support was submerged in a 
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water bath for water-solvent exchange and as a result the 
polymer is precipitated. The fabricated membrane was then 
stored in a distilled  water for a day to eject most of the 
solvent and water-soluble constituents. The TFC 
membrane was fabricated by dipping the prepared 
membrane support layer in 1.0 wt. % PIP aqueous solution 
for 2 min, then a tissue paper was used for removing of the 
surplus solution on the surface. The PSF support layer 
satiated with PIP was thereafter immersed for 60 seconds 
into an organic solution of 0.15 wt. % TMC/ hexane leading 
to the formation of a PA thin-film. The synthesized TFC 

membranes were cured at 60 °C for 15 minutes, then 
washed thoroughly with distilled water for removing the 
surplus amine. Afterwards, the fabricated  membranes 
were then kept in distilled water at room temperature until 
further use. A schematic representation of the PSF-SA 
composite membrane and a graphical description of the 
TFC membrane preparation process are shown in Fig. 2 
and 3 respectively. 

 

 

Table 1. Polymer doped solution composition 

 

 
Fig. 2. Schematic representation of the PSF-SA membrane fabrication process by in-situ cross-linking and blending. 

 
Fig. 3. A graphical illustration of the synthesis method. 

Factor substrate PSF (g) PVP (g) SAc (g) DMF (ml) 

PSF concentration TFC14 ,  TFC16 , TFC18 , TFC20 (Pristine) 14,16,18,20 — — 
86, 84 
, 82, 80 

PVP concentration 
0.08 wt. % PVP/TFC, 0.18 PVP/TFC ,0.35  
wt. % PVP/TFC, 0.7 wt. % PVP/TFC 

16 
0.08, 0.17,  
0.35, 0.70 

— 84 

SA concentration 
0.5 SAc/TFC, 1.1  SAc/TFC  
2.2  SAc/TFC , 4.4 SAc/TFC 

16 0.35 
0.08, 0.17,  
0.35, 0.70 

84 
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2.3 Membranes characterization 

SEM (QUANTA, FEG 250) was utilized to depict  the 
morphology of surface and cross-section of the 
synthesized membrane. FTIR (THERMO NICLOT, 50) was 
used to define the functional groups at a resolution 
between 4000 and 400 cm-1. A contact angle analyzer 
(KRUSS, model DSA) was used to evaluate the 
hydrophilicity of the membranes surface. The XRD analysis 
was used for more confirmation to the presence of SA in 
the fabricated membranes. BET analyzer (Belsorp Mini X-
Microtrac, Japan) was utilized to measure membrane 
surface area and pore size. A mechanical testing system 
DMA Q800 V21.1 Build 51 Module DMA Control Force was 
applied to measure the mechanical properties of the 
fabricated membranes including Tensile Strength (TS) and 
percent elongation.  

2.4 Porosity and wettability study  

The porosity of PSF membranes was measured using 
the gravimetric method. The method described by the 
literature [19] was followed in carrying out this test. Briefly, 
a specific area of the membranes was submerged in 
distilled water for a day. The wet weight was measured 
directly after taking out the membrane samples from water 
and wiping surplus water from the membrane surface by a 
tissue paper. After taking the weight, the membranes were 
left to dry at the atmospheric temperature for 24 h, and the 
weight was taken again. The porosity of membrane (Ԑ), 
was estimated by the next equation [19,20]: 

ε (%) =  × 100                           (1) 

 

where ww and wd are the weights of wet and dry 
membranes (g), respectively. ρw is the pure water density 
while ρp is the polymer density. Similarly, the water Uptake 
capacity was evaluated by the next formula [19,20]: 

Water Uptake (%) =  × 100                           (2) 

2.5 Permeation flux and salt rejection 

Across flow filtration system was utilized to implement 
the permeation test as shown in Fig. 4 with an effective 
membrane area of 50 cm2. The prepared membranes were 
put in their specified place inside apparatus cells. Before 
proceeding of the experiment, a fixed pressure of 5  bar 
was applied on the membrane sample for half an hour with 
distilled water to get a steady permeate flux. For studying 
the membrane performance, a feed solution of 2500 ppm 
Na2SO4 salt was used. The permeate flux was calculated 
by Eq. (3): [21] 

J =                                                                  (3) 

Where J is the measured permeate flux (L/m2  h), V is the 
volume of collected permeate solution (L), t = is the 
permeation time (h), A is the membrane effective area (m2). 
The salt rejection (R) value was calculated using Eq. (4):  

R = (1 -  ) × 100                                                   (4) 

Where Cp is permeate concentration and Cf is the feed 
concentration (mg/L). Salt concentration in aqueous 
solution was measured by a conductivity meter. 

 

 
 

Fig. 4. Schematic diagram (a) and testing device (b) of the cross-flow unit used in this study. 
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3. Results and discussions 

3.1 Membranes characterization 

3.1.1 X-Ray Diffraction  

Fig. 5 displays the XRD patterns of PSF/PVP 
membranes and PSF/PVP composite membranes blended 
with SA. As reported in a previous works for the literatures 
[4,5,22-25], the three peaks of high intensity  in the XRD 
spectrum identified at 2𝜃 angles of 18°, 23° and 26° are 
corresponding to the PSF/PVP matrix. As displayed in Fig. 
5, the intensity of diffraction peaks in the PSF/SA XRD 
pattern has decreased which indicates an amorphous 
phase and a decrease in the crystallinity which may be due 
to disrupting the PSF molecule, interaction by the steric 
and repulsive effects of SA molecules [26]. The very small 
amount (0.35 wt.) of SA was considered to be the main 
factor for the peaks of SA which was not revealed in the 
PSf diffraction pattern as reported earlier [6].  

 

 

Fig. 5. XRD patterns of (a) pristine PSF membrane and (b) 
SA modified PSF membrane. 

 

3.1.2 Fourier Transform Infrared  

The FT-IR spectra of salicylic acid is presented in Fig. 
6A. As displayed in the FT-IR spectrum of SA, distinctive 
vibrational peaks at wavenumbers 3233 cm-1 and 2993-
2848 cm-1 were attributed to OH and C-H stretching, 
respectively. IR peaks located at 1605-1662 cm-1 were 
distinctive to the C=O (COO-) asymmetric stretching. IR 
peaks existed at 1434-1475 cm-1 were characteristic to the 
C-C stretching. IR peak defined at 1324 cm-1 was attributed 
to the O-H (phenolic) bending. IR peaks presented at 1290 
cm-1 and 1141-1241 cm-1, respectively were related to the 
COO- (C-O) stretching and C-OH (phenolic) stretching. 
(=C-H) bending was distinctive to the vibrational peaks 
manifested at 648-748 cm-1. The literature data [27] was 
used  to support the identified FT-IR data of SA. Fig.6B 
displays the IR spectrum of PSF membrane support layer 
in which characteristic peaks appear at wave numbers 692 
cm-1, 840 cm-1, 1013 cm-1, 1102 cm-1, 1154 cm-1, 1241 cm-

1, 1304 cm-1, 1492 cm-1, 1583 cm-1 and 2966 cm-1 are 
belonged to the  aromatic  C–H bending, S–O–C 
stretching, symmetric stretching vibration of diphenyl ether 

groups (C–O–C stretching), symmetric stretching of 
sulfonate groups (S=O), symmetric SO2 stretching 
vibration, C–O–C asymmetric stretching vibration of the 
aryl–O–aryl group, C–SO2–C asymmetric stretching 
vibration, C–H symmetric stretching vibration of CH3–C–
CH3, C=C aromatic benzene ring stretching and C–H 
aliphatic chain stretch, respectively [16,28-32]. The peak 
observed at 1678 cm-1 in the FTIR analysis of the modified 
membranes (membranes with SA content) corresponds to 
the stretching of C=O groups of PVP molecules which 
remained in the membrane texture or the PSF casting 
solution without removing by water at the immersion 
precipitation procedure. In the IR spectrum of PSF/PVP 
membranes prepared by N. Ghaemi and Febriasari with 
co-workers [16,33], a new absorption peak manifested at 
1639- 1660 cm-1. They attributed the appearance of this 
peak to the part of PVP which did not leach out by water 
and remained inside the polymeric structure. All the TFC 
membranes (Fig. 6C) displayed additional characteristic 
new broad band  manifested at 3400-3431 cm-1 which 
could be attributed to the stretching vibrations of C-H  and 
N-H of amide or could be characteristic to the –COOH 
groups of the PA thin film. The partial hydrolysis of the acyl 
chloride unit of TMC is the reason for the appearance of 
carboxylic acid functional groups. The intensity of this band 
increased in the IR spectrum of the SA modified membrane 
which may be related to the carboxylic group of SA. Also 
the characteristic band at 1625 cm-1 is assigned to the 
stretching vibration of C=O in the active polyamide layer 
formed on the support membranes [16,34,15].  

3.1.3 Scanning Electron Microscope  

 SEM was utilized to depict the cross-sectional and 
surface structure of the PSF membranes both before and 
after modification (Fig. 7). As demonstrated in the surface 
images, the ultrafiltration membranes surface (Fig.7a: c) 
was even and sleek, whereas the TFC membrane surface 
(Fig.7d) was uneven. The changes in the surface shape 
between TFC and pristine membranes confirm that the PA 
active layer had been formed successfully on top of the 
PSF substrate. The surface of TFC membranes appeared 
in a typical ‘‘globular-like nodular’’ morphology (Fig.7d). 
The SEM images displayed that the inclusion of SA in the 
PSF casting solution leads to a spongy-like sub-layer and a 
more porous surface of the substrate layer, which may be 
due to the reaction of SA with either the PSF chains or the 
solvent in the casting solution. Hydrogen bonds can be 
formed between hydrogen atoms of hydroxyl or carboxyl 
groups of SA acid and the oxygen atoms of PSF chains 
and the solvent which may lead to the migration of more 
PVP molecules to the surface and be leached out by water. 
As a result, the free space between the polymer chains will 
decrease and subsequently the solvent-water (non-solvent) 
replacement rate  will decrease giving rise to membranes 
with more compact and less porous sub-layer.  The rise in 
the surface porosity of the modified membranes can be 
because of the rise in the water inflow due to the acid 
hydrophilicity despite of the depression in the solvent 
(DMF) outflow. This observation was in agreement with a 
previous work of the literature [15]. 
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Fig. 6. FTIR spectra of (A) SA, (B) the pristine PSF and acid-modified PSF membrane and (C) TFC membranes. 

 

Fig. 7. SEM images of the cross sections (a,c,e and g) and surfaces (b,d,f and h) of membrane samples: (a and b) 
Neat PSF UF membrane, (c and d) PSF/PVP UF membrane, (e and f) PSF/SA (0.35 wt.%) UF membrane and (g and 
h) PSF/SA TFC membrane. 
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3.1.4 Contact angle and porosity characterization  

Fig. 8 presents the water uptake, porosity and  water 
contact angle (WCA) measured values of the neat and 
modified membranes. The hydrophilicity of the acid-
modified membranes is expected to increase due to the 
existence of hydrophilic –OH and -COOH groups. the lower 
value of (WCA) denotes a more hydrophilic membrane 
surface [36]. It was perceived that the inclusion of SA in the 

membrane enhanced its hydrophilicity, where the contact 
angle dropped from 64.9º of PSF to 61.9º, and 60.2° of 
PSF/PVP and PSF/SA membranes, respectively. 
Incorporation of SA in the membrane increased the 
membrane porosity from 13.5 % to 25.9 % and also 
improved the water uptake capacity from 11.2 % to 30.3 % 
(Fig. 8). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Contact angle (A), Water content and Porosity (B) measurements of different PSF membranes. 
 

3.1.4 Surface area and pore size analysis 

A fully automated analyzer for BET analysis was 
utilized to evaluate specific surface area (SSA) of 
membrane samples precisely by measuring nitrogen 
multilayer adsorption as a function of relative pressure. The 
total SSA in m2g-1 was determined by measuring the 
external area and pore area which provides a significant 
information on surface porosity and pore size [37]. Results 
exhibited in Table 2 display an increase in surface/pore 

area and a decrease in the pore diameter but not obvious 
change in the pore volume by adding SA to the membrane 
polymer. The contact of water molecules with the 
membrane increases with increasing of membrane surface 
area subsequently the water permeability increases. From 
the results of BJH plot, the average pore diameter of SA 
incorporated membrane is 42.7 nm which is in the meso-
porous range [38]. 

 

Table 2. Analytical results of specific surface area, pore size and pore volume of membrane samples. 

 

 
 
 
 
 

 

3.1.5 Mechanical analysis 

When a membrane is dilated (stretched), the extreme 
stress which the membrane can resist is known as Tensile 
Strength [39]. TS and elongation of membrane samples 
were examined. Table 3 shows the results and Fig. 9 
illustrates the stress-strain curves. It can be observed from 
the results that TS and elongation values for TFC 
membranes are higher than that of their PSF support 
layers which indicates good mechanical properties for the 

polyamide film. The SA modified membranes displayed an 
improvement in TS relative to the membranes modified 
with PVP only. The hydrogen bonding between SA and the 
polymer molecules besides the sponge-like structure are 
expected to be the reason for this enhancement since the 
mechanical properties rely mainly on the microstructure 
and intermolecular forces. The literatures [15,40] have 
reported (observed) a similar behavior.   

 

Pore volume (cm3g-1) 
BET            BJH           DFT 

Average Pore diameter 
(nm) 

BJH                     DFT 

Surface area (m2g-1) 
BET            BJH 

Membrane type 

0.67             0.099         0.0503 
0.812           0.087         0.0506 
0.755           0.066         0.0532 

67.62                    41.93 
52.14                    45.88 
42.7                      40.94 

2.92             5.87 
3.53             6.68 
3.29              6.17 

Pristine PSF 
PSF/PVP 

PSF/(PVP+SA) 
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Table 3. The results of mechanical analysis test of 
membrane samples. 

 

 

Fig. 9. Stress-Strain curves for membrane samples. 

3.2 Performance study and evaluation of the fabricated 
NF membranes 

A cross-flow unit was utilized for the evaluation of the 
membranes efficiency and a feed solution of 2300 ppm 
Na2SO4 was used for this purpose. The permeate flux and 
salt rejection for support layers containing various PSF 
concentrations are presented in Fig. 10A. As shown in the 
figure, increasing of PSF concentration leads to decreasing 
the permeate flux while the salt rejection increases. 
Increasing the polymer concentration increases the casting 
solution viscosity which increases the obstruction of mass 
movement during the phase inversion process and thereby 
decreases mutual diffusion between solvent in the casting 
solution and water in the coagulation bath leading to the 
formation of a dense and less porous structure with thicker 
skin layer [41].  The smaller pore size and porosity 
increases the resistance for water transport and hence 
decreases the permeate flux through the membrane [42]. 
Considering both of the permeate flux (15 L/m2h) and the 
salt rejection (77.7 %) results, a concentration of 16 wt. % 
was considered to be the optimum concentration for the 
used polymer. As shown from the results in Fig.10B, the 
permeate flux increased with increasing of PVP dosage in 
the casting solution which could be as a result of the 
increase in the porosities, pore size and surface 
hydrophilicity of the membrane [43]. Considering both of 
the permeate flux (23.1 L/m2h) and the salt rejection (91 %) 
results, 0.35 wt. % was considered to be the optimum 

concentration for the used PVP. Inclusion of SA moieties 
increased the membranes  hydrophilicity which resulted in 
increasing the pure water flux with increasing the SA ratio. 
Similarly, the existence of polar carboxyl (-COOH) and 
hydroxyl (-OH) functional groups, which were brought by 
SA helped to capture Water molecules on the membrane 
surface. The results in Fig.10C indicate that the permeate 
flux has rised  from 25.6 to 29.6 L/m2h with increasing the 
SA concentration from 0.08 to 0.35 wt. % . The decline in 
the flux at the acid concentration above (>0.35 wt.%) may 
due to the increment in binding force or hydrogen bonding 
between the acid and functional groups of the polymer 
molecules and thereby decreasing the free space between 
polymer molecules. Subsequently, the obtained 
membranes turn into more compact and less porous 
compared to the membranes prepared by lesser 
concentrations of acid.  Also, the higher acid concentration 
could rise the casting solution viscosity, that could hinder 
the solvent (DMF) and water  diffusion and exchange rate in 
undermost support stratum leading to the formation of a 
membrane of fewer porosity with more dense and thick 
sub-layer.  

3.3. Membrane filtration efficiency at various working 
circumstances: 

3.3.1 Influence of pressure 

 The impact of pressure on the membrane efficiency  is 
illustrated in Fig. 11A. As elucidated from the results, the 
water flux increases by raising the applied pressure with 
maintaining the Na2SO4 salt rejection at 91.5-93 %. 
Increasing the pressure leads to increasing the driving 
force on water to be diffuse through the membrane 
overcoming the membrane resistance [44]. Increasing the 
trans-membrane pressure from 5 bar to 20 bar has resulted 
in increasing the permeate flux linearly from 30.4 L/m2h to 
133.6 L/m2h. This linear increase is  in coincidence with 
Fick’s law, which states that transport rate varies linearly 
with driving force [45]. 

3.3.2 Influence of salt concentration 

The permeate flux and salt rejection for the composite 
membrane with diverse salt concentrations are displayed in 
Fig. 11B. Four concentrations are considered in this case, 
ranged from 2600 to 11460 ppm.  As shown in the figure, 
increasing the salt concentration resulted in decreasing the 
permeation flux. This may be because of the raise in the 
concentration polarization onto the membrane surface 
besides the increment in the solution viscosity as well. At a 
specific limit, the membrane pores may be blocked by the 
salt particles. All these possible factors may give rise to 
lowering the water flux [44].  Concentration polarization is a 
phenomenon which takes place when  the solute 
concentration at the membrane-liquid interface is higher 
than that of the bulk of solution which gives rise to an 
increase in osmotic pressure across the membrane and a 
decrease in the leading force of mass transfer. 
Consequently, the resistance for components transport 
through the membrane increases and permeation flux 
decreases significantly [46]. 

 

Elongation (%) 
Tensile 

Strength (MPA) 
Membrane type 

7.98 
3.23 
5.5 

10.24 

29.92 
30.55 
31.36 
32.27 

Pristine PSF 
PSF/(PVP+SA) 
PSF/PVP (TFC) 

PSF/(PVP+SA) TFC 
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3.3.3 Influence of salt type 

Fig. 11C shows that the membrane rejection of sulfate 
ion salts (Na2SO4 and CaSO4) is higher than chloride ion 
salts (MgCl2 and NaCl). This can be elucidated by the 
principle of Donnan’s exclusion, which demonstrate that 
lower valence co-ion (Cl-) contributes to lower rejection of 
ions while lower valence counter-ion (Na+) leads to higher 
rejection of salts [15]. The acid modified membrane 
showed a salt rejection of 94.8 %, 81.5%, 24.5 %, 18.2 % 
and a permeate flux of 58.4, 54.4, 80, 72 L/m2h  at 10 bar 
for Na2SO4, CaSO4, NaCl and MgCl2 respectively.  

3.3.4 Effect of operation time (Scaling study) 

A solution of 2000 ppm CaSO4 was used at 10 bar to 
evaluate the stability and antifouling effectiveness of the 
modified NF membrane. Fig. 11D shows the graph of flux 

(L/m².h) versus time (hour). During the long period of 
filtration for CaSO4 solution, the membrane pores are 
fouled and the flux is decreased. The period of filtration 
was about 7 hours and the amount of flux reduction was 
measured. The relative flux reduction (RFR) calculated for 
NF membrane was about 23.2 % that shows the antifouling 
ability of the modified membrane. RFR parameter was 
calculated by the following equation [47]: 

RFR (%) =  × 100                                (5) 

where 𝐽𝑓 and 𝐽𝑖 refer to the final and initial fluxes, 
respectively. As the RFR value is low, the antifouling 
property is high. 

 

 
 

 
 

Fig. 10. Permeate flux and salt rejection of TFC membranes as a function of (A) PSF concentration, (B) PVP 
concentration and (C) SA concentration at Pressure 5 bar, PSF 16 % (wt/v), PVP 0.35 wt. %, PIP 1% (wt/v) for 2 min., 
TMC 0.15 %(wt/v) for 30 sec. 
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Fig. 11. Permeate flux and salt rejection of TFC membranes as a function of (A) Applied pressure, (B) Salt 
concentration, (C) Salt type and (D) Operation  time at 2600 mg/L Na2SO4, Pressure 10 bar, PSF 16 % (wt/v), PVP 
0.35 wt%, SA 0.35 wt%, PIP 1% (wt/v) for 2 min., TMC 0.15 %(wt/v) for 30 sec. 
 

Conclusion 

This paper investigated the effectiveness of adding 
PVP and SA additives in different ratios to PSF casting 
solution on the resulted membrane performance and 
structure. The effectiveness of PSF concentration was also 
studied. The following are the highlights of the present 
work: 

(I) Increasing PSF concentration decreased the resulted 
TFC membrane permeability which may be due to low 
porous support layer structure. 

(II) Addition of PVP in the PSF/DMF system increased the 
membrane hydrophilicity and permeability and changed the 
cross-sectional structure of support layer from more 
spongy type to more finger-like. 

(III) The surface porosity and hydrophilicity of the resulted 
membranes were significantly enhanced via the existence 
of SA in the membrane support stratum and subsequently 
improved the solute water flux for the fabricated TFC 
membranes. The results indicated that 0.28 % increase in 
the permeate flux of TFC/PVP membrane blended with 
0.35 % SA more than that of the parallel membrane without 

SA. Also, an enhancement in the membrane surface area, 
tensile strength and elongation by the addition of SA. 

(IV) The optimum composition for the membrane support 
stratum which gives the best water permeability and salt 
rejection includes made over substrate of 16% PSF and 
0.35% PVP with 0.35% SA. 
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