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Reverse osmosis (RO) membranes modified with SnO2 nanoparticles of varied concentrations (0.001–0.1 wt.%) were developed via
in situ interfacial polymerization (IP) of trimesoyl chloride (TMC) and m-phenylenediamine (MPD) on nanoporous polysulfone
supports. The nanoparticles dispersed in the dense nodular polyamide on the polysulfone side. The effects of IP reaction time and
SnO2 loading on membrane separation performance were studied. The modified reverse osmosis membranes were characterized
by scanning electron microscopy (SEM), X-ray diffractometer (XRD), energy dispersive X-ray spectroscopy (EDX), transmission
electronmicroscopy (TEM), contact anglemeasurement, and atomic forcemicroscopy (AFM).The synthesized SnO2 nanoparticles
size varies between 10 and 30 nm.The results exhibited a smoothmembrane surface and average surface roughness from31 to 68 nm.
Moreover, hydrophilicity was enhanced and contact angle decreased. The outcomes showed that an IP reaction time was essential
to form a denser SnO2-polyamide layer for higher salt rejection, the developed reverse osmosis membranes with the incorporation
of the SnO2 nanoparticles were examined by measuring permeate fluxes and salt rejection, and the permeate flux increased from
26 to 43.4 L/m2⋅h, while salt rejection was high at 98% (2000 ppm NaCl solution at 225 psi (1.55MPa), 25∘C).

1. Introduction

The fresh water shortage is an increasingly vital challenge
around the globe due to the speedy growth in population
and the expanding prerequisites of agriculture and energy
consumption along with pollution and shortages in water
management [1]. Brackish water and seawater desalination
can supply fresh water for irrigation, drinking, and industrial
development. Among several desalination technologies, the
membrane-based reverse osmosis (RO) process is easy to
design and it has outstanding scale-up ability, and it presently
controls the worldwide desalination market [2]. In the RO
membrane desalination process, high performance semiper-
meable membranes play the most significant role because
they govern the product quality of water and affect the
whole energy consumption [3].Therefore, high efficiency RO

membranes with developed productivity along with better
salt rejection are highly desired.

In 2012, 66millionm3/d of drinkable water was generated
through desalination; in 2015, this is estimated to reach
100 million m3/d [4]. Reverse osmosis (RO) accounts for
about 60% of world desalination capacity. Membranes, as
the significant component of RO, regulate overall technical
feasibility and economic efficiency.

Reverse osmosis (RO) membranes have been applied as
a progressive water treatment process for the elimination of
micropollutants and natural organic matter throughout the
world. RO membranes are receiving the increased attention
for a wide range of applications in water desalination, pro-
duction of ultrapure water, andwaste water treatment [5]. RO
membranes developed via in situ interfacial polymerization
(IP) of trimesoyl chloride (TMC) and m-phenylenediamine
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(MPD) on nanoporous polysulfone supports [6]. Several
polymers have been verified for their suitability in the
development of thin film composite (TFC) reverse osmosis
membrane [7, 8]. Owing to the outstanding separation per-
formances including salt rejection and water flux, polyamide
membranes are extensively recognized as the ideal among
such RO membranes [9, 10].

In 1980s, first thin film composite (TFC) polyamide (PA)
membranes were developed and are now themost extensively
used desalinationmembranes due to the good stability over a
wide range of pH values and high intrinsic water permeability
[10, 11]. A characteristic thin film composite membrane is
comprised of a porous, thick, nonselective layer alongwith an
ultrathin sized barrier layer on its upper surface.This arrange-
ment brings some significant advantages to the membranes.
The thin film layer can be designed for the preferred combina-
tion of water flux and salt rejection; however, the porous sup-
port layer can be developed for decent mechanical properties
combined with minimum resistance to permeate flow [10].

Nanotechnology offers a new method to develop perfor-
mance of membrane by incorporating nanosized materials
into the polyamide selective layer. Thin film nanocomposite
(TFN) polyamide membrane containing zeolite nanosized
material was first reported by Jeong et al.; subsequently other
numerous nanomaterials, including silica [12, 13], silver [14],
TiO
2
[15], and metal-organic frameworks [16], were veri-

fied, and most of the thin film nanocomposite membranes
exhibited higher water permeate flux without decreasing salt
rejection.

The suggested mechanisms of the enriched desalination
performance of TFN membranes contain (i) faster passage
of water within the porous nanomaterials [13]; (ii) improved
membrane affinity to water [15, 17]; (iii) change in polyamide
structure [12, 18, 19]. Nanomaterials may also improve
some physical properties of membranes, such as mechanical
strength and thermal stability.

Recent studies have revealed that mixed matrix mem-
branes made by embedding porous materials in a polymeric
matrix may considerably enhancemembrane properties such
as selectivity, surface area, permeability, stability, or catalytic
activity in various membrane separation processes. Reverse
osmosis (RO) thin film nanocomposite (TFN) membranes
have been developed by incorporating pure metal, metal
oxide, and tin nanoparticles into the polyamide layer [17, 18,
20, 21]. Precisely, the incorporation of SnO

2
in a PA layer has

been established to improve its water permeability without
significant loss of salt rejection under high pressure during
RO process. However, the SnO

2
-polyamide based thin film

nanocomposite membranes were originally formulated for
RO applications.

In this current study, SnO
2
nanoparticles were synthe-

sized via Coprecipitation Method. The elemental composi-
tion and structure of the synthesized SnO

2
nanoparticles

were characterized by X-ray powder diffraction (XRD),
transmission electron microscope (TEM), and energy dis-
persive X-ray spectroscopy (EDX), respectively. The thin
film nanocomposite membranes were synthesized by adding
SnO
2
nanoparticles in amine solution in the interfacial

polymerization (IP) method. Scanning electron microscopy

(SEM) was subjected to examine the membranemorphology,
isolated polyamide thin film layer, and distribution and
dispersion of SnO

2
nanoparticles in polyamide. Deionized

water contact angles were measured on air-dried samples of
synthesized TFNmembranes with different SnO

2
loadings to

check the hydrophilicity of the membranes. The effects of IP
reaction time and tin dioxide loading were evaluated by using
2000 ppm NaCl solution at 225 psi (1.55MPa) and 25∘C.

2. Experimental

2.1. Materials. Materials and chemical reagents which were
used in this study are of analytical grade as shown below:
sodium carbonate anhydrous (99%, Scharlau, Spain), poly-
sulfone supports (PS-20, Sepro, USA), m-phenylenediamine
(MPD) (99%, Sigma-Aldrich, USA), n-hexane (99%, Oxford
Laboratory, India), n-dodecane (99%, Sigma-Aldrich, USA),
n-cyclohexane (Scharlau, Spain), n-heptane (99%, Scharlau,
Spain), 1,3,5-benzenetricarbonyl trichloride (TMC) (98%,
Sigma-Aldrich, USA), Tin(II) chloride dehydrate (98%,
BDH Chemicals Ltd. Poole, England), ammonium nitrate
(AVONCHEM Limited, UK), and ultrapure deionized (DI)
water from a Millipore Milli-Q system which was used in all
experiments.

2.2. Methods

2.2.1. Preparation of SnO2 Nanoparticles. The synthesis of
SnO
2
nanoparticles (NPs) was conducted according to pre-

viously reported procedures [22]. 1.0 g SnCl
2
4H
2
O was

dissolved in 50mL distilled water, after which 5mL ammo-
nium solution (1.0M) was mixed under vigorous stirring at
ambient temperature. On addition of ammonia solution, light
yellow color precipitate occurs. The achieved precipitate was
centrifuged and washed several times with distilled water
to remove any residual reactant (NH+4, Cl−) and to acquire
neutral pH afterwhich it was dried in oven at 60∘C for 6 hours
and collected sample was placed in furnace with the help of
crucible under 300∘C for 2 h.

2.2.2. Preparation of Polyamide Membranes. The polyamide
(PA) thin film composite (TFC) membrane was synthesized
by interfacial polymerization on PS20 support. The polysul-
fone support (PSF) was taped on a glass plate sensibly to
avoid any probable penetration of liquid into its back from
the sides. Then, it was soaked in deionized (DI) water for
1min. At the end, the PSF support on the glass plate was
taken out to eliminate the excess water on its top surface by
standing vertically under ambient conditions. By immersing
a polysulfone product support (PS-20) in an aqueous solution
of m-phenylenediamine (MPD) (2% v/v) for 2min, then the
additionalMPD solution was eliminated from themembrane
by applying the pressure on membrane under rubber roller.
The polyamide membrane was then immersed in 0.1% of
benzene-1,3,5-tricarbonyl chloride (TMC) and hexane (99%)
solution for 1min, rinsed with 0.2% sodium carbonate,
washed with deionized water, and finally stored in freezer at
4∘C in deionized water until it was used.
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2.2.3. Synthesis of Polyamide/SnO2 Nanocomposite. SnO
2
-pol-

yamide nanocomposite membranes were prepared similarly
to TFC membranes, except that SnO

2
nanoparticles were

added in the 0.001–0.1 wt./v.% TMC in n-hexane solution
beforehand. Varied amounts of SnO

2
nanoparticles (0.003,

0.005, and 0.08wt./v.%) were dispersed in TMC-n-hexane
solution by ultrasonicating for 30min at 20∘C. The resultant
solution was immediately used for interfacial polymerization
(IP) with MPD-soaked PS supports to form the TFN mem-
branes.

2.3. Characterization and Instrumentation. The synthesized
thin film nanocomposite (TFN) membrane morphology, ele-
mental composition, and microstructure surface were inves-
tigated by using scanning electron microscopy (SEM) (FEI
Nova-Nano SEM-600,Netherlands) and energy dispersive X-
ray spectroscopy (EDX). The prepared SnO

2
nanoparticles

were investigated for their size by using transmission electron
microscopy (TEM) (JEM-2100F, JEOL, Japan). The mem-
brane surface morphology roughness was studied by atomic
force microscopy (AFM, Bruker Corporation). AFM images
were produced by using Nanosurf scanning probe-optical
microscope, small squares of the developed membranes
(approximately 1 cm2) were cut and pasted on glass substrate
for the analysis, and average roughness of each sample was
calculated.

Contact angle measurement was executed using a Ramé-
Hart model 250 standard goniometer/tensiometer with drop
image advanced software (Ramé-Hart InstrumentCo., Succa-
sunna, NJ 07876, USA). On the flat homogeneous dry mem-
brane surface, a water droplet was located and the contact
angle between the membrane and water was measured until
no further variation was observed. The contact angle for
average distilled water was determined in a series of 8 mea-
surements for each of the different membrane surfaces. The
performance of the developed nanocomposite membranes
was analyzed through a cross-flow system (CF042SS316 Cell,
Sterlitech Corp., USA). The valid membrane area in this
systemwas 42 cm2.The feedwater temperaturewas 25∘Cwith
pH adjusted between 6 and 7, 2000 ppm feed NaCl, and 1
gallon per minute (gpm) feed flow rate. The filtration process
was carried out at the pressure of 225 psi. All measurements
of the water flux and salt rejection were carried after 30min
of water filtration experiments to confirm that had reached
stability. Figure 1 shows the representation diagram of the
cross-flow filtration system.

Thewater flux was determined according to the following
equation [23]:

𝐽 =

𝑉

𝑝

𝐴 ∗ 𝑡

,
(1)

where 𝐽 is the water flux (L/m2 h),𝑉
𝑝
is the permeate volume

(L), 𝐴 is the area of the membrane (m2), and 𝑡 is the
treatment time (h). The salt rejection (R) was achieved using
the following equation:

𝑅 = (1−
𝐶

𝑝

𝐶

𝑓

) ∗ 100, (2)
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Figure 1: Schematic illustration of forward cross-flow filtration
system.

where 𝐶
𝑝
and 𝐶

𝑓
are the salt concentrations of permeate and

feed, respectively.

3. Results and Discussion

3.1. Characterization of the Synthesized SnO2 Nanoparticles.
The synthesized SnO

2
nanoparticles were characterized by

four different instrumental methods such as SEM (scan-
ning electron microscope), TEM (transmission electron
microscopy), EDX (energy dispersive X-ray spectroscopy),
and XRD (X-ray diffraction) as follows.

3.1.1. SEM and EDX Analysis of SnO2 Nanoparticles. SnO
2

nanoparticles size and surface morphology were examined
by scanning electron microscopic analysis (SEM), as shown
in Figure 2(b). Figure 2(b) shows lots of ridge and valley
structures and considerably smaller protuberances structures
adjacent to the ridges. Energy dispersive X-ray spectroscopy
(EDX) carried out during the SEM analysis conforms to the
characteristic peaks of Sn, as shown in Figure 2(a).The atomic
ratio between oxygen and tinwas calculated using EDXgraph
and the obtained ratio of Sn and O atom was found to be
1 : 1.60. So the atomic ratio Sn : O was approximately 1 : 2,
which indicates that the tin oxide is compositional.

3.1.2. TEMAnalysis of SnO2 Nanoparticles. TheTEManalysis
was carried out by accelerating voltage in the range of 20–
200 kV with 2.4 Å resolution by dispersion SnO

2
in ethanol

with ultrasonic wave for one hour. After sonication sample
was deposited onCu grid and observed at highmagnification,
the size of SnO

2
nanoparticles was observed in the range of

10 to 30 nm. TEM images are shown in Figure 3.

3.1.3. XRD Analysis of SnO2 Nanoparticles. Then, the crystal
structure of SnO

2
nanoparticles was characterized by XRD.

The results are shown in Figure 4. The XRD results pattern
shows that SnO

2
nanoparticles are well crystalline and reveals

all diffraction peaks, and the average grain size was calculated
using the Debye-Scherrer equation (G = 0.9𝜆/𝛽cos𝜃), where
𝜆 is the X-ray wavelength (Cu, 1. 5418 Å), 𝜃 is the maximum
of the Bragg diffraction peak, and 𝛽 is the full width at
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Figure 2: SEM and EDX of SnO
2
nanoparticles.

Figure 3: TEM image of SnO
2
nanoparticles.
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Figure 4: XRD patterns of SnO
2
nanoparticles.

half-maximum.Thediffraction peaks resemble the tetragonal
rutile SnO

2
nanostructure with values of lattice constants

𝑎 = 0.4750 nm and 𝑐 = 0.3185 nm. It can be noticed that
the reflection is significantly broadened, demonstrating that
average crystalline size of SnO

2
nanoparticle is 30 nm. It

can be noticed that the reflection is significantly broadened

and the average size of the nanoparticle calculated using
the Debye-Scherrer equation demonstrated that the average
crystalline size of SnO

2
nanoparticle is approximately 30 nm.

3.2. Characterizations of Modified Membranes with SnO2
Nanoparticles. The polyamide membrane established in the
presence of tin dioxide nanoparticles was characterized to
investigate the surface morphology, contact angle, water
permeate flux, and salt rejection capability by using various
instrumental techniques as described below.

3.2.1. SEM with EDX Analysis. The surface morphology of
thin film composite membranes was examined by using SEM
to investigate the effects of tin dioxide incorporation. The
SEM images of the top surface of TFC and TFN (0.003 and
0.005wt.% tin dioxide loading) membranes are displayed
in Figure 5, which is the typical polyamide membrane
morphology developed through interfacial polymerization of
MPD and TMC.The tin dioxide nanoparticles incorporation
did not affect the overall morphology of the polyamide thin
film layer. Nevertheless, a few cubic-like structures could be
observed on the surface of TFN membrane, which was in
reliable with the morphology of tin dioxide nanoparticles.
EDX spectra and SEM images of the reference TFC mem-
brane are displayed in Figures 5(a) and 5(b), respectively. Sim-
ilarly, EDX spectra and SEM images of polymer membranes
containing tin nanoparticles are shown in Figures 5(c) and
5(d), respectively. It was noticed that the incorporation of
SnO
2
nanoparticles in the polymer matrix does not show

much effect on the overall morphology of TFC membrane
containing tin nanoparticles, even though the wt.% range
of SnO

2
nanoparticles was increased up to 0.08wt.% (see

Figure 5(h)). However, SnO
2
nanoparticles partial aggrega-

tion was observed in the polymer matrix. The difference
between the images shows clearly the presence of SnO

2

nanoparticles. This was further proved by EDX quantitative
analysis which shows clearly the presence of carbon, oxy-
gen, and tin peaks as component elements. Comprehensive
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observation demonstrates that the ridge-valley structure of
active layer on TFC membrane presented a comparative flat
surface, as shown in Figure 5(a). In comparison, TFN mem-
branes display ascendant and broaden ridge-valley structure,
which recommend variation on surface roughness of TFN
membranes under different nano-SnO

2
loadings.

3.2.2. AFMResults. The synthesized polymer nanocomposite
membranes surface morphology and roughness were investi-
gated by atomic force microscope (AFM). AFM micrograms
were taken for membranes containing different contents of
tin dioxide nanoparticles and are shown in Figure 6. It
is observed that the roughness (Ra) values increased with
increase in tin dioxide content in the polymer membranes.
TFC membranes with 0.08wt.% tin dioxide exhibit the
highest surface roughness (i.e., Ra = 68 nm), compared to that
(Ra = 31 nm) of TFC reference membrane without any tin
content. This difference is supposed to be caused by the leaf-
like shape as well as by the aggregation of SnO

2
nanoparticles

existing in the membrane surface.

3.2.3. Contact Angle Measurements. Polyamide/SnO
2
nano-

composite membranes were directed to contact angle mea-
surements in order to estimate the hydrophilic andhydropho-
bic characters of the membranes. During contact angle
measurements, reproducible standard deviation (SD) was
taken into account. The contact angle measurement of var-
ious amounts (wt.%) of tin dioxide polymer nanocomposite
membranes is shown in Figure 7.

It is noticed that contact angle substantially decreases
with increase of SnO

2
content in the membranes. For

example, 0.06wt.% SnO
2
membrane shows that the contact

angle drops from 94∘ to 15∘ and it is also revealed that
after 0.08wt.% SnO

2
loaded membranes show no change or

decrease in contact angle. On the other hand, the nanocom-
posite polyamide membrane has higher hydrophilicity which
is considered a significant property of membranes, as it
affects their flux properties. Consequently, the presence of
hydrophilic tin nanoparticles in membrane structures can
increase the hydrophilicity of membrane because a larger
fraction of water diffuses through the membrane structure.

It is eminent that there is a strong correspondence
between the orientation (geometry) of water at a solid-liquid
interface and the hydrophilicity of the solid surface [24,
25]. Rearrangement of interfacial water molecules can also
describe the cause of increased hydrophilicity.The interfacial
water molecules increased rearrangement may progress the
water molecule’s capability to form hydrogen bonds and in
turn can create stronger interactions between solid phase and
water in polymer matrix that is thin film composite surface.

Significant decrease of contact angles in the existence
of embedded tin dioxide nanoparticles can be described as
follows. The hydrophilic character of the membrane surface
increases due to the large amount of embedded spherical
shaped SnO

2
nanoparticles hydrophobic nature exposed on

the membrane surface. Furthermore, the membrane sur-
face could even become of more hydrophilic nature due
to the capability of the hydrophilic pores to absorb water
via capillary effects [26]. This is reliable with the result

of Jeong et al. [17], who noticed that the membrane surface
contact angle decreased with increased concentration of
zeolite and attributed this to the super-hydrophilic property
of zeolite.

Tin dioxide nanoparticles contacting with MPD aqueous
solution may become hydrated and release heat [18]. This
method may interfere in the interfacial polymerization reac-
tion between TMC and MPD and subsequently affect the
chemical structure of the PS support. If enormous number
of acyl chloride groups of TMC remained on the membrane
surface without reacting with amine groups of MPD, the
hydrolysis of acyl chloride could produce carboxylic acid
functional groups leading to increased hydrophilicity [27],
thereby generating favorable conditions for improved water
flux and antifouling ability. It is understood that morphologi-
cal structure and hydrophilicity of the membrane are the two
key factors that manage the filtration properties of thin film
composite membrane [28].

3.3. RO Membrane Performance

3.3.1. Water Flux and Salt Rejection. The filtration process
of various amounts of SnO

2
nanoparticles loaded polymer

membranes was carried out at 25∘C by using cross-flow
method. Results of water permeate fluxes and salt rejection of
all these polymer nanocomposite membranes are presented
in Figure 8.

Most of the hybrid membranes water fluxes are higher
than that of the TFC membranes (26 L/m2 h ± 2.2), where
±2.2 was the SD of three measurements which was used to
calculate the uncertainty of thesemeasurements.The amount
of SnO

2
nanoparticles was increased and then the water

flux of the membrane also increased up to a peak value at
0.005wt.% (43.4 L/m2 h ± 3.1) and then started to decrease.
The peak value of water flux shows an improvement of 167%
over that of the TFC reference membrane. On the other
hand, the salt rejection of both TFC and TFN membranes
was found to be 98% ± 0.2 and 99% ± 0.3, respectively.
The SD was calculated for three measurements in each case.
Therefore, the deviation of salt rejection for TFN was within
2%. It is hypothesized that the enriched water permeability
may be attributed to the subnanometer pores in the tin
dioxide nanoparticles. Alternatively, the tin nanoparticles
may affect the interfacial polymerization process to mod-
ify the active layer permeability. Moreover, the increased
membrane surface roughness (and thus increased surface
area of polyamide) might partially describe such water flux
enhancement. On the other hand, a high tin loadingmay help
to form a relatively thicker polyamide rejection layer, which
decreased thewater permeability and enhanced salt rejection.

3.3.2. Optimization of MPD and TMC. Water flux and salt
rejection both depend on the density of the polyamide layer,
which is effected by, for example, crosslink density [29]. The
density of the polymer across the barrier layer is not uniform
[30]. The core layer is the densest region and the density
of polymer decreases step by step as the polymer expands
further into the organic phase [31, 32].
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Figure 6: AFM images of modified membrane with SnO
2
nanoparticles.

In numerous applications using MPD and TMC in
interfacial polymerization, in this IP process the initial con-
centration of amine is much higher than the concentration
of acyl chloride. Whether the concentration of acyl chloride
is increased or the concentration of amine is decreased,
it results in a denser polyamide layer, related to those
developed using higher amine/acyl chloridemolar ratios [33].
Increases in either the thickness or density of the barrier layer

(TMC/MPD) should increase the mass transfer resistance
of the resulting membrane, thereby reducing permeate flux.
By altering monomers, initial concentration can affect the
membrane’s water and salt passage properties.

The modified thin film composite membranes were syn-
thesized by varying the concentration of MPD and TMC and
keeping the mass of added SnO

2
nanoparticles at 0.005wt.%.

Figure 9 exhibits results of the influence of variation of
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Figure 8: Water permeate flux and salt rejection of modified mem-
brane containing various amounts of SnO
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nanoparticles.

MPD concentration on permeate flux and salt passage.
Correspondingly, Figure 10 shows influence of change of
TMC concentration on permeates flux and salt rejection.

The salt passage was found to be relatively insensitive to
change of MPD concentration, signifying the establishment
of defect-free membranes in all cases. High permeate flux
was observed near 2% (w/v) MPD. As concentration of MPD
was increased, the driving force for MPD diffusion into the
organic phase increased.The concentration ofMPD increases
whichwould tend to increase the thickness of the barrier layer
and it causes lower permeate flux. As concentration of MPD
decreases, layer thickness is also expected to decrease; in this
circumstance, permeate flux increases but the molar ratio
of –NH

2
and –COCl becomes closer to unite the resulting

polyamide layer expected to become denser, which would
lower water permeate flux [31, 34].

1.0 1.5 2.0 2.5 3.0
32

34

36

38

40

42

44

MPD concentration (wt.%)

80

82

84

86

88

90

92

94

96

98

100

Sa
lt 

re
je

ct
io

n 
(%

)

Fl
ux

 (L
/m

2
∗

h)

Figure 9: Water permeate flux and salt rejection of modified
membranes containing fixed amounts of SnO

2
nanoparticles at

0.005wt.% and TMC at 0.1 w/v.%.
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Figure 10: Water permeate flux and salt rejection of modified
membranes containing fixed amounts of SnO

2
nanoparticles at

0.005wt.% and MPD at 2w/v.%.

Figure 10 demonstrates the concentration of TMC influ-
ence in the organic phase on water permeate flux and salt
passage at a constant MPD concentration of 2w/v.% in the
aqueous phase, which was noticed in Figure 9 to be near
the optimum flux value. Since IP is typically MPD diffusion
controlled during growth of the polyamide layer, the SnO

2

nanoparticles might provide a mass transfer resistance to the
MPD diffusion across the interface and affect the reaction
of amine and acyl chloride groups, which could result in a
moderately looser structure of the thin film layer. Variations
in TMC concentration would influence the layer density
by changing the amine/acyl chloride molar ratio [31, 34].
As TMC concentration increases, the amine/acyl chloride
molar ratio decreases, which is predicted to increase film
density, resulting in lower permeate flux [31, 34]. Although
a decrease in permeate flux was also noticed at the lowest
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Table 1: Showing summary of previous studies.

Nanoparticles type Method Measuring
conditions

Modified membrane
properties Salt rejection Flux

L/m2h Ref.

Silica nanoparticles IP (MPD/TMC).
Silica in MPD/water.

NaCl aqueous
solution of

2000 ppm, pressures
of 250 psig.

Tunable pore radius
and higher thermal

stability.
71.7 40.8 [12]

Silver nanoparticles IP (MPD/BTC).
Silica in BTC.

2000 ppm aqueous
MgSO4 solution,

pressures of
250 psig.

Higher
antibiofouling effect. 97 94 [14]

TiO2 nanoparticles
IP (MPD/TMC).
TiO2 in TMC and

HCFC.

2000 ppmMgSO4
solution at a
pressure of

0.2–1MPa and 25∘C.

Enhanced surface
hydrophilicity. 95 9.1 [15]

Zeolite
nanoparticles

IP (MPD/TMC).
NaY in

TMC/hexane.

2000 ppm solutions
of (a) NaCl, (b)
MgSO4, and (c)

PEG200; pressure of
1.55MPa.

Increased roughness
and contact angle. 90.5 43.7 [18]

Zeolite
nanoparticles

IP (MPD/TMC).
NaA in

TMC/hexane.

2000 ppm NaCl
solution at 25∘C;

pressure of 1.6MPa.

Smoother,
hydrophilic and

negatively charged
surfaces.

93 40.2 [19]

Silica nanoparticles IP (MPD/TMC).
Silica in MPD/water.

500 ppm dioxane;
pressure

50–200 psig.

Silica particle
interacting well with

the polyamide.
91 27.2 [36]

TiO2 nanoparticles

The neat TFC
membrane was
dipped in the

transparent TiO2
colloidal solution.

2000 ppm NaCl
solution at 25∘C;
pressure 225 psi.

Higher
photocatalytic
bactericidal

efficiency under UV
light.

96.6 24.5 [37]

Al2O3 nanoparticles
IP (MPD/TMC).

Al2O3 in
TMC/hexane.

NaCl aqueous
solutions of

1000 ppm, pressure
of 1MPa, and a

temperature of 25∘C.

Enhanced surface
hydrophilicity. 88 5 [39]

TMC concentration considered, at low TMC concentration
(<0.1%), the IP reaction is reported to be TMC diffusion
limited [35]. Acyl chloride groups low concentration in the
reaction zonemay permit the polyamide film to grow thicker,
which would decrease flux [29].

3.3.3. Alternative Solvents. Theabovementioned experiments
were carried out in hexane medium, n-cyclohexane, and
n-heptane, and n-dodecane solvents were used in place of
hexane to monitor influence of change of solvent on flux and
salt rejection. Figures 11 and 12 compile the results of flux and
the results are in the order of n-dodecane > n-heptanes >
n-cyclohexane > n-hexane. However, the slat rejection result
altered within 2%.

3.4. Summary of Modified ROMembranes Properties of Previ-
ous Studies. There are numerous literature reports concern-
ing the performance of interfacial polymerized commercial
polyamide of TFC membranes and aromatic polyamide and
desalination of TFC membranes depend on MPD and TMC

[12, 14, 15, 17–19, 36–39]. The transport properties of the
membranes prepared in this work were found comparable to
those of the membranes reported in Table 1.

4. Conclusions

SnO
2

nanoparticles were prepared via coprecipitation
method and characterized by different characterization tools
such as energy dispersive X-ray spectroscopy, transmission
electron microscopy, and X-ray diffractometer. The synthe-
sized SnO

2
nanoparticles were embedded into polyamide

membrane through interfacial polymerization method.
Scanning electron microscopy confirms the formation of
polyamide membrane embedded with tin dioxide nanopar-
ticles. EDX quantitative analysis confirms the presence of
tin dioxide-polyamide components. The performance on
water flux and salt rejection revealed that the performance
of nanocomposite membrane was better than the pristine
membrane. Moreover, the permeate flux was improved
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Figure 11: Water fluxes with different solvents.
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Figure 12: Salt rejection with different solvents.

(26 to 43.4 L/m2⋅h), with slight change of salts rejection
result within 2%.
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