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ab s t r ac t
This work aims to enhance the performance of polyamide (PA) thin-film composite (TFC) reverse 
osmosis membranes prepared by the interfacial polymerization of 2,6-diaminotoluene and trimethyl 
chloride on polysulfone support membrane. The effect of incorporation of triethylamine, isopropyl 
alcohol and camphor sulfonic acid in the aqueous phase solution on the casted TFC membrane on 
non-woven polyester was investigated. The prepared membranes were characterized by X-ray diffrac-
tion, scanning electron microscopy and contact angle measurements. The results showed that the per-
meability and desalination stability of the PA membranes were remarkably enhanced. The membrane 
water flux was increased to 25.3 L/m2 h in 10 g/L NaCl feed solution at 18 bar, while the salt rejection 
was 99.46%. For feed aqueous solution containing 35 g/L NaCl, the membrane has exhibited a salt rejec-
tion of 98.45% and the water flux has increased to 17.1 L/m2 h at 35 bar. The desalination stability has 
remarkably enhanced and the membrane could withstand high operating pressures without permeate 
more salts. In addition, the energy consumed by PA-TFC membrane was reduced to 1.13 kWh/m3.
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composite membranes 

1. Introduction

Reverse osmosis (RO) is effectively used for water 
desalination and industrial water reuse [1]. The interfacial 
polymerization (IP) method is widely used for the synthe-
sis of thin-film composite (TFC) membranes [2]. The unique 
advantage of TFC membranes is the possibility to inde-
pendently optimize both the porous support and the skin 
layer for their specific function to maximize the overall 
membrane performance [3,4]. TFC membranes with a poly-
amide (PA) top active layer are the most popular commer-
cial form of RO and nanofiltration membranes. The PA-TFC 
membrane consists of a thin dense and selective PA barrier 
layer laminated on a porous polysulfone (PS) substrate [2,3]. 

The PA thin layer chemistry, which is an inherent property of 
the monomers employed in IP reaction, and the preparation 
conditions are the two important factors that determines the 
performance of the PA-TFC membranes [5].

Generally, the TFC membranes fabricated from aromatic 
PA have low water permeability due to the excessive tight 
cross-linking and low free volume of the PA active layers. 
Many approaches have been utilized to make PA-TFC mem-
branes with better water flux [6–9]. The additives incorpora-
tion in the aqueous phase has been used to improve the water 
flux of the PA-TFC membrane without a significant loss in 
its salt rejection. The presence of additives in aqueous or 
organic phase solution is an important parameter in altering 
the structure of PA layer [2,10,11]. 

In a previous work, PA-TFC membranes were pre-
pared by the IP reaction of 2,6-diaminotoluene (DAT) and 
trimethyl chloride (TMC) [12]. The preparation conditions 
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were systematically studied and optimized to include 1 wt% 
of DAT for 2 min soaking time, 0.15 wt% of TMC for 30 s 
reaction time and 75°C curing temperature for 5 min to give 
the highest membranes performance. The prepared PA mem-
branes exhibited a salt rejection of 99.54% with water flux 
of 11.42 L/m2 h in 10 g/L NaCl feed solution and at 18 bar 
operating pressure. In addition, for a feed solution of 35 g/L 
NaCl the membranes exhibited a salt rejection of 98.25% and 
water flux of 9.3 L/m2 h at 35 bar. The water flux and perfor-
mance stability of the resulting membranes were found to be 
relatively low and need further improvements to be suitable 
for commercial applications. The aim of the current work 
is to enhance both water flux and performance stability of 
the PA-TFC membranes for water desalination while main-
taining the salt rejection. The performance stability means to 
enhance the membrane capability to withstand high oper-
ating pressure without compaction or deformation. The 
effect of incorporating triethylamine (TEA), isopropyl alco-
hol (IPA) and camphor sulfonic acid (CSA) additives in the 
DAT aqueous solution on the membranes performance was 
investigated. Also, the effect of casting the PA membrane on 
non-woven polyester fabric was studied. 

2. Materials and methods

2.1. Materials

PS pellets (molecular weight 60,000 product of Acros 
Organics, USA) were used as a supporting material for the 
PA-TFC RO membranes. N-Methylpyrrolidone (NMP; Fluka 
Chemie, Switzerland) was used as a solvent. DAT (99%), 
m-phenylenediamine (MPD; 99%) and TMC (98%) were sup-
plied by Acros Company. N-Hexane (95%) was supplied by 
TEDIA Company, USA. NaCl was supplied by MP Biomedical 
(France) to prepare the salt feed solution. TEA (liquid, 99.5%; 
Fisher Company, USA) and IPA (Scharlau Company, Spain) 
were used as additives in the aqueous phase solution and its 
pH value was adjusted using CSA (Sigma-Aldrich, USA). The 
polyester non-woven fabric was supplied by Freudenberg 
Vliesstoffe Company, Germany. 

2.2. Preparation of the polysulfone support membrane 

In this work, the PS membranes were prepared using 
phase inversion technique. The PS membrane preparation 
procedure was mentioned in our previous work [12]. 

2.3. Preparation of the PA membranes

The PA-TFC membranes were prepared by the IP tech-
nique between DAT and TMC at the optimal polymerization 
conditions. DAT is easily dissolved in aqueous solution and 
more stable compared with light sensitive MPD monomer. 
In addition, DAT can be easily removed from the surface of 
PS membrane without excess aqueous droplets. The aqueous 
solution contained 1 wt% of DAT, TEA (1, 2, 3, 4 and 5 wt%), 
IPA (2, 4, 6, and 8 wt%) and 6 wt% of CSA. The aqueous solu-
tion was prepared by adding different concentrations of TEA, 
IPA and 6 wt% of CSA to deionized water (75–80 mL) under 
vigorous stirring. After complete dissolution of the mix-
ture, deionized water was added to provide a total solution 

volume of 100 mL. Finally, DAT (1 wt%) was added to the 
100 mL TEA–IPA–CSA mixed aqueous solution.

2.4. Casting the PA membranes on non-woven polyester fabrics 

The PS solution was prepared and casted over a commer-
cial non-woven polyester fabric with a thickness of 150 μm 
taped to a clean glass plate. The upper polyester surface was 
wetted previously by NMP and left for 3 h before casting the 
PS solution. After casting the solution over the non-woven 
fabric, the glass plate was immersed in deionized water at 
room temperature. The non-woven fabric with the supported 
PS films was removed from the water bath after 1 h and was 
separated from the glass plate. The membranes were subse-
quently washed and stored in deionized water bath for at 
least 24 h until the solvent was removed.

2.5. Energy consumption of PA membranes 

The energy consumed by the primary feed pump for 
pressurizing the feed water accounts for the major portion 
of the total energy consumption for a desalination process 
(80.6%). The specific energy consumption (SEC) of the pri-
mary pump is calculated from the following equation [13]:

SECpump
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Q

Q
Qp

f

p
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where Wpump is the pump work, Qf is the feed flow rate 
(L/min), Qp is the permeate flow rate (L/min) and ΔP is the 
transmembrane pressure difference (bar). 

2.6. Characterization techniques

2.6.1. X-ray diffraction

X-ray diffraction (XRD) scans were carried out (using 
X-ray 7000 Shimadzu, Japan) at room temperature in the 
Bragg angle (2θ) in the range of 10°–80°. The X-ray source 
was a Cu target with settings of 30 kV and 30 mA, with scan 
speed of 4°/min. The PA membranes were prepared at 1 wt% 
of DAT or MPD for 2 min soaking time, 0.15 wt% of TMC for 
30 s reaction time, 75°C curing temperature for 5 min, 6 wt% 
CSA, 3 wt% TEA and 4 wt% IPA.

2.6.2. Scanning electron microscopy

Cross-sectional, surface and bottom images of the PA 
membranes were obtained using scanning electron micros-
copy (SEM-XL 30 JEOL). The morphological cross-section 
images of the PA membranes were snapped under liquid 
nitrogen to give a generally consistent and clean break. 
The membranes were sputter coated with a thin film of 
gold. The membranes were mounted on a brass plate using 
double-sided adhesion tape in a lateral position. The thick-
nesses of the TFC membrane layers were calculated from the 
cross-section of the SEM images using the digimizer software.

2.6.3. Contact angle measurements 

The contact angle of the PA membranes surfaces was 
measured using Rame-Hart Instrument Company, France. 
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A drop of distilled water (2 μL) was placed on the RO mem-
brane surface (3 cm × 2 cm) using a microsyringe (Hamilton 
Company, Reno, NV). The contact angle was the average 
of five measurements at different positions on the surface 
within 10 s after the water drop was placed on the surface.

2.6.4. Salt rejection and flux measurements of the PA 
membranes

The PA membranes performance (area 42 cm2) was con-
ducted using a cross-flow RO unit (CF042, Sterling, USA) with 
a feed flow rate of 1 L/min as was mentioned in our previous 
work [12]. The performance experiments were conducted with 
NaCl solutions of 10 and 35 g/L at feed pH of 7 ± 0.2 and tem-
perature (25°C ± 1°C) to simulate brackish water and seawa-
ter, respectively. The determination of the total dissolved salt 
of the permeate water was measured by a pH/conductivity 
meter (430 portable, Jenway, England). The salt rejection was 
calculated by applying the following equation [14]:

Rejection %( ) = ×
( )−

100
C C

C
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f

� (2)

where Cf and Cp are the ionic conductivity of feed solution 
and permeate, respectively. 

The permeate water flux (L/m2 h) is defined as: 

Flux =
×
V
A t

� (3)

where V is the permeate volume (L), A is the membrane area 
(m2) and t is the time (h).

3. Results and discussion

3.1. Crystallinity of PA-TFC membranes

The XRD patterns of the DAT- and MPD-based PA mem-
branes are shown in Fig. 1. The two XRD diffraction patterns 
of the DAT- and MPD-based PA membranes exhibited amor-
phous broad peaks at 2θ of 17.18° and 17.22°. The DAT- and 
MPD-based PA membranes that were prepared from aqueous 
phase containing TEA, IPA and CSA additives have d-spacing 
higher than the pristine membrane [12]. The d-spacing within 
the PA chains increases to 5.157 and 5.145 Å for DAT- and MPD-
based PA membranes, respectively. This may be attributed to 
the interference of additives with the IP reaction [5,15]. 

3.2. PA membrane morphology

The characterization of the PA-TFC membranes skin sur-
face layer, bottom and cross-section was done by the SEM 
micrographs. Fig. 2 depicts the SEM micrographs of pristine 
and PA membranes prepared at 6 wt% CSA, 3 wt% TEA, 
4 wt% IPA and PS cast on polyester substrate. The SEM sur-
face micrographs of the PA membranes prepared with and 
without additives shows dense and continuous skin layer 
with uniform ridge and valley topography similar to the 
pristine membrane. However, the surface image of PA mem-
brane, which is prepared on polyester fabric, exhibits a less 
pronounced ridge and valley topography with many prom-
inent cellular structures. The SEM bottom micrograph of the 

PA-TFC membranes, which are prepared with and without 
additives, shows a porous support membrane with different 
pore diameter. The bottom image of PA membrane casted on 
polyester fabric has a fiber-like structure related to the poly-
ester fibers. From the SEM cross-sectional micrographs, the 
PA membrane layers are clearly distinguished. The dense 
skin PA forms the first layer with thickness of about 0.25 µm, 
the second PS support layer with about 67 µm and polyester 
third layer with about 45 µm. The PS support has thin pas-
sage channels with finger-like morphology.

3.3. Hydrophilicity of PA-TFC membranes

Fig. 3 represents the contact angle of the pristine and PA 
membranes prepared at different TEA concentrations and at 
different IPA concentrations. The contact angle has increased 
from 41.44° for pristine membrane to 49° at 1 wt% of TEA 

Fig. 1. XRD patterns of the DAT- and MPD-based PA membranes.
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concentrations as shown in Fig. 3(A). The increase of TEA 
concentrations up to 3 wt% has decreased the contact angle 
value to 37.4°. This may be attributed to the initial decreases 
and subsequent gradual increases of the ionizable moieties 
in the PA network with incorporation of TEA [16–18]. The 
higher TEA concentration of 5 wt% caused a shift to higher 
contact angle of 48.8° due to the formation of thick and highly 
cross-linked PA film [5]. With increasing the IPA concentra-
tions from 0 wt% (pristine membrane) to 4 wt%, the contact 
angle decreased from 41.44° to 35.44° due to the increases of 
the ionizable moieties in the PA network [16] as shown in 
Fig. 3(B). The contact angle has increased to 44.48° as the IPA 
concentration reached 8 wt%. The poor miscibility between 
IPA and hexane may probably have created a separation 
interface between ionizable moieties and the PA surface [19].

3.4. The PA membrane performance 

The addition of TEA, IPA with CSA in the aqueous phase 
could increase the water flux, with no loss of salt rejection 

[15,17,20,21]. Therefore, the different additives concentra-
tion as well as casting the PS membrane over a polyester 
non-woven fabric as supporting substrate was studied to 
obtain an optimized set of conditions for the PA-TFC mem-
brane performance enhancement. Adding the two additives 
together had a clearly positive effect on both the water flux 
and the stability [17,22]. The CSA additive was added to 
adjust the pH to around 9 and improve the absorption of the 
aqueous solution as well as to protect the microporous sup-
port membrane from pore coalescence or fusion during heat 
treatment [15,18,23].

3.4.1. Effect of TEA concentration on the PA membranes 
performance

The performance of the PA membranes that was prepared 
with different TEA concentration at different operating pres-
sures in 10 g/L NaCl feed solution is presented in Fig. 4. The 
PA membranes were prepared at the optimum preparation 
condition and 2 wt% IPA, 6 wt% CSA as well as at different 
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Fig. 2. SEM micrographs displaying the surface, bottom and cross-section of pristine and PA-TFC membranes prepared at 3 wt% TEA, 
4 wt% IPA and 6 wt% CSA, and casted on polyester.
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concentrations of TEA (1, 2, 3, 4 and 5 wt%). The experiments 
were conducted at 25°C and the pressure was varied from 16 
to 26 bar to evaluate the membranes performance. It appeared 
from Fig. 4(A) that as the operating pressure increased from 
16 to 26 bar, the salt rejection of the TFC membranes has 
increased until the pressure reached 18 bar and then the salt 
rejection decreased when reached 20 bar. The decline of the 
salt rejection at pressure exceeding 20 bar may be due to the 
breakdown of the active layer structure and/or concentration 
polarization [24]. The water flux of the membrane which was 
prepared at 3 wt% TEA, increased from 13.85 to 24.3 L/m2 h 
with increasing the operating pressure from 16 to 26 bar as 
shown in Fig. 4(B).

The effects of the TEA concentrations on the desalination 
performance of the PA membranes (using 10 g/L NaCl feed 
solution at 18 bar) are plotted in Fig. 5. It is noted that the 
incorporation of TEA had a slight effect on the salt rejection 
while the water flux was remarkably improved. With the 

increase of TEA concentration from 1 to 5 wt%, the salt rejec-
tion is relatively stable. However, the water flux increased 
from 14.28 to 18.56 L/m2 h with increasing TEA concentration 
from 1 to 3 wt% and then decreased again to 13.6 L/m2 h at 
5 wt%. The TEA not only acts as an acid acceptor but also 
acts as a catalyst for the acyl chloride and the amine reaction 
[5,17,18]. Therefore, the neutralization of the produced HCl 
and nucleophilic catalysis make the acylation of DAT by TMC 
faster in the presence of TEA than in its absence. The increases 
of the polymerization rate produce more thinner and cross-
linked films, which explain the enhancement of water flux 
up to 3 wt% TEA without a loss of salt rejection [5]. However, 
at high concentrations of TEA than 3 wt%, the water flux has 
decreased due to the formation of high molecular weight PA 
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Fig. 3. Contact angle of PA membranes prepared at different TEA 
concentrations, 6 wt% CSA and 2 wt% IPA (A) and at different 
IPA concentrations, 6 wt% CSA and 3 wt% TEA (B).

B 

A 

Fig. 4. Salt rejection (A) and water flux (B) of the PA-TFC mem-
branes prepared at different TEA concentrations using 10 g/L 
NaCl feed solution vs. operating pressure.
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that results in a thick, dense skin layer on the membrane sur-
face [25]. The membrane that was prepared at 3 wt% TEA 
exhibits the maximum salt rejection of 98.85% and water flux 
of 18.56 L/m2 h at 18 bar. Also, the membrane capability to 
withstand high operating pressure without deformation was 
increased there by having a salt rejection of 94.3% at 26 bar.

3.4.2. Effect of IPA concentration on the PA membranes 
performance

Fig. 6 depicts the effect of the operating pressure on the 
salt rejection and water flux of the PA-TFC membranes pre-
pared at different IPA concentrations in 10 g/L NaCl feed 
solution. The PA membranes were prepared at the optimum 
preparation condition and 6 wt% CSA and at 3 wt% TEA as 
well as different concentrations of IPA (2, 4, 6 and 8 wt%). 
With increasing the operating pressure from 16 to 26 bar, 
the salt rejection of the TFC membranes first increased and 
then the salt rejection decreased. However, the water flux has 
linearly increased over the measured range as depicted in 
Fig. 6(B). The water flux of the membrane prepared at 4 wt% 
IPA, increased from 17.1 to 27.85 L/m2 h with increasing of 
the operating pressure from 16 to 26 bar.

The water flux and salt rejection of the PA membranes 
that was prepared with different concentrations of IPA in 
10 wt% NaCl feed solution at 18 bar are plotted in Fig. 7. It 
was observed that the water flux has increased from 18.85 
to 23.8 L/m2 h while the salt rejection has slightly changed as 
the IPA concentration increased from 2 to 4 wt%. Addition 
of hydrophilic additives or alcohol to the amine solution 
enhanced the water flux of PA membranes with a good salt 
rejection of 98.85%. The incorporation of the IPA additive 
to the aqueous solution provides an additional pathway 
for the molecular transport of water and charge repulsion 
to maintain the salt rejection [15,26,27]. Also, the IPA facili-
tates the impregnation of the amine solution into the pores 
of the hydrophobic support membrane [18,28]. At higher 
IPA concentration of 8 wt% the water flux increased to 
26.3 L/m2 h while the salt rejection decreased to 96.2%. The 
decrease in the salt rejection can be attributed to the inter-
ference of IPA at higher concentration with the IP reaction 
forming deteriorated and loose skin PA layer which poorly 
rejects the salt while permeating more amounts of water 

[5,15]. The membrane that was prepared at 4 wt% optimum 
concentration of IPA exhibits the maximum salt rejection of 
98.6% and water flux of 23.85 L/m2 h at 18 bar. The membrane 

Fig. 5. Salt rejection and water flux of PA-TFC membranes vs. 
TEA concentrations using 10 g/L NaCl feed solution at 18 bar.

A 

B 

Fig. 6. Salt rejection (A) and water flux (B) of the PA-TFC mem-
branes prepared at different IPA concentrations at 10 g/L NaCl 
feed solution vs. operating pressure.

Fig. 7. Salt rejection and water flux of PA-TFC membranes and 
vs. IPA concentrations at 10 g/L NaCl feed solution at 18 bar.
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capability to withstand high operating pressure without 
deformation was further increased there by having a salt 
rejection of 95.45% at 26 bar as shown in Fig. 6(A).

3.5. PA-TFC membranes casted on non-woven polyester fabric

For further improvement of the membrane stability, the 
PS membrane was casted over polyester as a supporting sub-
strate. The PA membranes were prepared at the optimum 
preparation condition, 6 wt% CSA, 3 wt% TEA, 4 wt% IPA 
and casted over polyester non-woven fabric.

The salt rejection and water flux of the PA membranes 
casted onto non-woven polyester vs. the operating pressure 
at 10 wt% NaCl feed solution are shown in Fig. 8. As the 
operating pressure increases from 16 to 20 bar, the salt rejec-
tion of the PA membranes has slightly increased to 99.46% 
at 18 bar and then decreased to 98.4% at 20 bar. As the oper-
ating pressure increased to 26 bar, the membrane exhibited 
a salt rejection of 97.3% indicating a remarkable increase in 
the membrane capability to withstand high operating pres-
sure without deformation. The use of the polyester as a sub-
strate has increased the membrane mechanical properties 
and allowed for withstanding high pressure [29]. However, 
there is a linear relationship between the water flux and 
pressure over the entire pressure range. The water flux 
increases from 23.4 to 29.3 L/m2 h with increasing the oper-
ating pressure from 16 to 26 bar. The optimum salt rejection 
of 99.46% and water flux of 25.3 L/m2 h were achieved at 
18 bar in 10 g/L NaCl feed solution and at 25°C. The energy 
consumed by the PA membrane which operated at these 
conditions is 0.45 kWh/m3. It can be concluded that the opti-
mization of additives concentration in aqueous solution and 
the casting of the PA membrane on a polyester non-woven 
fabric increase the water flux to 25.3 L/m2 h and improves 
the desalination stability

3.6. Comparison of the PA membranes performance 

The conventional monomer, MPD, is replaced by the 
DAT monomer in the PA membrane preparation and the 
performance was compared. The DAT- and MPD-based PA 
membranes were prepared at the optimum preparation con-
dition and 6 wt% CSA, 3 wt% TEA, 4 wt% IPA as well as PS 
cast on polyester substrate. 

3.6.1. Brackish water desalination

Salt rejection and water flux of MPD-based PA membrane 
casted onto non-woven polyester shows the same trend of 
the DAT-based membrane at different operating pressure in 
10 g/L NaCl feed solution as depicted in Fig. 9. The water flux 
increased from 25.7 to 47.6 L/m2 h with increasing the operat-
ing pressure from 30 to 65 bar. The maximum salt rejection of 
97.85% and water flux of 38.6 L/m2 h were obtained at 50 bar in 
10 g/L NaCl feed solution. It is observed that the MPD-based 
membrane was operating at higher pressure (50 bar) than the 
DAT-based membrane (18 bar). This may be attributed to the 
increase of the interplanner distance within the DAT-based 
PA chains which was caused by the bulky methyl group as 
was confirmed by XRD study [30–32]. However, the water 
fluxes of MPD-based membrane were higher (38.6 L/m2 h) 

than the DAT-based (25.3 L/m2 h) while the salt rejection was 
slightly changed at high pressure. 

In a previous experiment, the commercial RO membrane 
(SW30-2540) exhibits a maximum salt rejection of 96.3% and 
water flux of 42.8 L/m2 h in 10 g/L NaCl feed solution at 50 
bar. The energy consumed by the MPD-based PA membrane 
and the commercial RO membrane is 0.78 and 0.73 kWh/m3, 
respectively.

3.6.2. Seawater desalination

Fig. 10 shows the salt rejection and water flux of DAT- 
and MPD-based PA membranes vs. the operating pressure in 
35 g/L NaCl feed solution. The performance of the two mem-
branes showed the same trend. The DAT-based membrane 
showed a maximum salt rejection of 98.45% and water flux of 
17.1 L/m2 h at 35 bar. On the other hand, a maximum salt rejec-
tion of 96.85% and water flux of 25.1 L/m2 h were observed at 
55 bar for the MPD-based membrane. The DAT- and MPD-
based membranes operating at these conditions have con-
sumed energy of 1.129 and 1.42 kWh/m3, respectively. 

In a previous work [12], the optimum conditions for the 
preparation of MPD-based PA-TFC membrane were to soak 
2 wt% of MPD for 2 min, 0.1 wt% of TMC for 1 min reaction 
time and curing at 70°C for 5 min. The membrane that was 
prepared at these conditions had a maximum salt rejection of 
96% and water flux of 5 L/m2 h in 10 g/L NaCl feed solution at 

Fig. 8. Salt rejection and water flux of PA-TFC membrane cast 
onto non-woven polyester vs. operating pressure using 10 g/L 
NaCl feed solution.

Fig. 9. Salt rejection and water flux of MPD-based PA membrane 
cast onto non-woven polyester vs. operating pressure in 10 g/L 
NaCl feed solution.
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55 bar. Also, the commercial membrane showed a salt rejec-
tion of 97% and water flux of 20 L/m2 h in 35 g/L NaCl feed 
solution at 55 bar. The energy consumed by PA membrane 
which was prepared at optimum MPD condition and the 
commercial membrane is 3.57 and 1.55 kWh/m3, respectively. 
It was noted that the DAT-based membrane not only had rea-
sonable salt rejection and water flux but also consumed lower 
energy than both the MPD-based and commercial mem-
branes for brackish water and seawater desalination. Also, 
this membrane has lower energy consumption by 28.2% 
compared with the practical minimum energy consumption 
reported for RO system [33].

3.6.3. Desalination performance stability 

The desalination performance stability of DAT- and 
MPD-based PA membranes measured through 3.5 h in 10 g/L 
NaCl feed solution at 18 and 50 bar, respectively, is shown 
in Fig. 11. The DAT-based membrane exhibited better long-
term rejection stability but a lower water flux than the MPD-
based membrane. Over the testing period, the salt rejection 
of the DAT-based membrane fluctuated between 99.37% and 
96.68%, while the water flux fluctuated between 23.6 and 
24.85 L/m2 h. However, the salt rejection of the MPD-based 
membrane fluctuated between 98.2% and 92.82%, while the 
water flux of the DAT-based membrane fluctuated between 
32 and 36 L/m2 h.

4. Conclusions

The RO performance, especially the water flux and sta-
bility of PA-TFC membranes prepared by the IP reaction 
of DAT and TMC has been successfully enhanced by the 
incorporation of TEA, IPA and CSA additives in the aque-
ous phase solution as well as casting the PA membrane on 

non-woven polyester fabric. The optimal additives concen-
trations that gave the highest performance for the PA-TFC 
membrane were as follows: TEA = 3 wt%; IPA = 4 wt%; 
CSA = 6 wt% and PS casted on non-woven polyester fab-
ric. The water flux of PA membrane which was prepared 
at these conditions was increased to 25.3 L/m2 h, while the 
salt rejection reached 99.46% for a feed aqueous solution 
containing 10 g/L NaCl at 18 bar. For feed solution of 35 g/L 
NaCl, the prepared PA membrane exhibited a salt rejection 
of 98.45% and the water flux increased to 17.1 L/m2 h at 
35 bar. This membrane has good capability to withstand 
high operating pressure without compaction or deforma-
tion there by having a salt rejection of 97.3% at 26 bar. The 
DAT-based membrane not only had reasonable salt rejec-
tion and water flux but also consumed lower energy than 
both the MPD-based and the commercial membranes for 
brackish water and seawater desalination. The prepared 
membrane had lower energy consumption by 28.2% com-
pared with the practical minimum energy consumption 
reported for RO system.
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