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Abstract

Asymmetric reverse osmosis membranes of cellulose acetate (CA) in presence of chitosan nanoparticles as anti-biofouling
material were prepared using the phase-inversion technique. The effect of some preparation parameters on the membrane
properties, e.g. polymer composition, evaporation time and annealing temperature were studied. FTIR, TGA, SEM and Con-
tact angle were carried out to characterize the produced membranes. The water flux and salt rejection of the membranes were
assessed using 35 g/L Nacl in a dead end filtration system. The results revealed that the addition of chitosan nanoparticles
increased the water flux from 6 L/m?h for blank (CA-0) to about 18 L/m”.h for (CA-2) membrane containing 2% chitosan
nanoparticles with increment of salt rejection from 89 to 94%. For membrane with proper salt rejection it should be annealed
at 80 °C prior to filtration test. The static adhesion test indicated enhancement in fouling resistance of the membrane contain-

ing chitosan nanoparticles to bacterial attack.
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Introduction

Membrane separation procedure is one of the most prom-
ising technologies for overcome the global water disaster
and many other applications. Membrane technology is an
effective and economical means owing to its low energy con-
sumption, easy set-up, less chemicals usage and don’t create
any dangerous by-product [1]. The most widely used mem-
brane in industry during the period ranging from 1964 to the
mid of 1970s is the reverse osmosis membrane which mainly
made from cellulose diacetate (CA), cellulose triacetate or
blend of them with different ratios [2, 3]. CA membranes are

High lights: (1) Cellulose acetate membranes were prepared
via phase-inversion technique; (2) The membranes blended
with chitosan nano-particles showed enhanced water flux and
salt rejection properties; (3) The cellulose membranes modified
with chitosan nano-particles exhibited remarkable antifouling
properties to bacterial attack.
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obtained from most available natural polymer (cellulose) by
acetylation process. CA membranes are characterized with
several advantages as moderately low cost, neutral surface,
good resistance to free chlorine (at low level), highly hydro-
philic surface and highly potential water flux [4]. However,
there are some disadvantages of CA membranes, as narrow
operating range of pH is (4.5-7.5), exposure to biological
attack, compacted at high pressure and working at limit tem-
perature range [2].

Growth of the bacteria on the surfaces of the membrane
forming biofilms is a major problem in most of desalination
plants and it is very difficult to be removed, either through
disinfection or chemical cleaning [5]. Biofilm has a robust
construction that comes from the ability of microorganisms
to exert materials similar to the polymer, named extra-cellu-
lar polymeric substances (EPS), these make layers that make
protection to the microorganisms from biocides [6]. The
microorganisms presented in the biofilm can get nutrients
and continuing their life by withdrawing organic substances
and inorganic materials from the environment surrounding
it [7].

To overcome this problem, a number of approaches have
been established, such as manipulating special modules,
operating various pretreatment procedures and membranes
modification [8, 9]. The membrane modification techniques
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are in two ways: the bulk modification of the membrane
matrix, such as blending with another polymers, incorpora-
tion of nanoparticles or copolymerization and the other way
is to modify the membrane surface, as grafting of functional
or hydrophilic monomers to the membrane top surface or
chemical alteration by introducing polar groups onto the sur-
face or covering the membrane with hydrophilic coatings
[10-16]. Blending of different polymers or nanoparticles is
favored technique due to the simplicity and stability of the
polymer matrix. In the blending modification technique; two
or more types of different polymers were blended together
to produce a new type of material, which possess both prop-
erties of the initial polymers and give new characteristics
that can disappear their original defects [17, 18]. The blend-
ing of different polymers give some advantages as a better
hydrophilicity of membranes, enhancing physical-chemistry
stability, improving the film-forming characteristics of the
polymers and improving anti-fouling properties. Wu et al.
enhanced the anti- fouling properties and hydrophilicity
of polyvinyl chloride ultrafiltration membrane via blend-
ing it with synthesized amphiphilic copolymer PVC-g-poly
(ethylene glycol) methyl ether methacrylate to create a new
membrane with outstanding properties [19]. They found
that the surface oxygen content of the membrane increased
from 3.20% to 9.31% which resulted in an increase of the
membrane hydrophilicity and pure water flux. In addition to
sodium alginate rejection ratios of all blended membranes
were higher than 90% and the membranes exhibited higher
flux recovery ratios than the pure PVC membrane.

Chitosan, is the second most abundant polysaccharide
originates on earth after the cellulose. It is considered as
cellulose derivative prepared by deacetylation of chitin. As
a natural renewable source, chitosan has a lot of unique char-
acteristics such as anti-microbial action, nontoxic and bio-
degradable [20]. Chitosan was used to modify and improve
polymeric membranes performance. Cellulose acetate /chi-
tosan membranes with various ratios were fabricated using
phase separation procedure [21]. Chitosan soluble in formic
acid was added to the cellulose acetate casting solution in
presence of polyethylene glycol to modify the membrane
properties. Polyethylene glycol is hydrophilic in nature and
was used as a pore former and as a consequence, increas-
ing the water flux [22]. Chitosan was shown to significantly
improve the salt rejection but decreased membrane water
permeation. All treated membranes have excellent antibacte-
rial performance.

Zhang et al., coated the polyamide membrane surface
with chitosan derivative, which was then reacted with aque-
ous solutions of glutaraldehyde (as cross-linking agent) and
Cu?* solution that in-situ reduced to Cu nanoparticles and
fixed in the covering layer [23]. The modified membranes
showed antibacterial efficiency of above 99% for more than
90 days’ immersion in water. Liu and Bai studied the effect
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of blending of chitosan and cellulose acetate on the con-
struction and morphology of the hollow fiber membrane
[24]. When using water as exterior and interior precipi-
tants, the obtained CS/CA blend membranes appeared as
spongy-like without macrovoids formation accompanied
with homogeneity in the porous structures of the surface.
The solidification rate of the blend membrane was increased
by increasing the alkalinity of the coagulant (nonsolvent).
The prepared hollow fibers have moderately dense top sur-
face with reduced pore sizes [24].

To enhance bio-fouling resistance, cellulose acetate (RO)
membranes were modified by incorporation of chitosan
nano-particles in the casting solution. In previous study by
Bagheripour et al. and Kong et al., they reported that chi-
tosan and chitosan nano-particles exhibit potential antibacte-
rial activity [25, 26]. No study had been found in literature
for using chitosan nanoparticles for modification of reverse
osmosis membrane. So; we aimed in this study to investi-
gate the effect of chitosan nano-particles on cellulose acetate
membrane performance. The optimum conditions that can
affect membrane properties such as concentration of cel-
lulose acetate and chitosan nanoparticles, evaporation time,
annealing temperature and applied pressure were explored.

Experimental
Materials

Cellulose acetate (40 wt% acetyl content, Avg. Mn 37,000)
(CAS no 9004-35-3) was purchased from Sigma-Aldrich.
Chitosan nano-particles (CN0OO1) (>96% deacetylated) of
particle size 200 nano-meter were delivered from G.T.C Bio
Corporation company (Hongkong, China). Acetone and For-
mamide were purchased from Fluka.

Fabrication of membranes

Cellulose acetate casting solution was prepared according
to the previous method described in literature [3, 24]. The
method demonstrates a slow mixing of cellulose acetate (25
wt%) as a polymer, acetone (45 wt%) and formamide (30
wt%) as binary solvent with continuous stirring till complete
dissolution. If a nanoparticles of chitosan were used, they
dispersed in the acetone with the aid of ultrasonic water
bath for about 1 h before adding the cellulose acetate and
formamide. The obtained solution was allowed to stand
for a night in closed system to remove the air bubbles. The
casting solution was spread on a glass plate at room tem-
perature into films using casting knife with a thickness of
0.25 mm, the wet casted films were allowed to evaporate for
a certain period of time before immersion in the coagulation
bath (0-2 °C ice/water bath) for about 2 h. They were then
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annealed in a water bath at different temperature (70-90 °C)
for 10 min. The obtained membranes were stored in water at
4 °C until use. The annealing process was carried out prior
to testing in the filtration system. The structure of the casting
solutions are illustrated in Tablel.

Techniques

FTIR spectroscopy (Varian 610 IR, Vivitar, Japan, at
National Research Centre, Cairo) was employed to analyze
the surface composition of the CA membranes. Membrane
samples used for FTIR analysis were dried in air for a day
before characterization. The IR scans were conducted on the
active surface of the membranes.

The contact angle measurement was evaluated using cam-
era linked to computer. A droplet of distilled water (10 uL)
was slowly brought onto the film surface at 25 °C and the
angle between the film-water interface and water—air inter-
face was evaluated as hydrophilicity measurement. At least
10 captured images for each droplet and about 5 readings
on different places of the membrane sample were done and
averaged. The surface topography of the prepared membrane
was explored using scanning electron microscope (SEM)
available at National Research Centre, Cairo (model Zeiss
EVO 60, Carl Zeiss, Oberkochen, Germany). Before exami-
nation, the membranes were dried by multi- step solvent
exchange and dehydration procedure. In this process, a water
miscible solvent like isopropanol replaces the water present
in the membrane matrix, followed with a second volatile
solvent like hexane that replaces the first one. Afterward
the later volatile solvent is air-evaporated to produce a dried
membrane [27]. The dried membranes were sputter- coated
with gold using SI50A Sputter Coater- Edwards. TGA of
the prepared membranes was performed using Perkin Elmer,
Thermogravimetric analyzer TGA 7, using inert gas (nitro-
gen) with flow rate 30 ml/min and heating rate 10 °C/min.

Fouling experiment
Static adhesion test for cellulose acetates membranes was

employed; an immersion test was used for examination the
anti-adhesion performance of the modified CA membranes

to bacterial cells. RO membranes used in this method were
cutinto 1 x 1 cm? and immersed in the bacterial suspension
for about 4 days. Escherichia coli ATCC- 25,922 strain was
the selected strains used in the biofouling tests (supplied
from the American type culture collection (ATCC; Rock-
ville, MD, USA)). This bacterium was selected to determine
how the chitosan nanoparticles modified cellulose acetate
membrane affected model Gram negative bacteria [28]. The
bacterial strain was inoculated into nutrient broth medium
at 37 °C for 24 h. The bacteria adhered to the membrane
surface were examined via SEM. After the immersion test,
the membrane samples were washed with phosphate buffer
solution (PBS) and the adhered bacteria to the membrane
surfaces were immobilized using glutaraldehyde solution
(2.5% in PBS) for about 4 h. The membranes surfaces were
gently washed with the buffer to get rid of any glutaralde-
hyde remained on the surfaces. To decrease the water con-
tent of the membrane sections to be examined by SEM, they
were exposed to a series of alcohol-water mixtures with
graded concentration (25%, 50%, 75%, 95% and 100%)
for about 20 min in each stage [29]. At the last, the mem-
brane were air dried and kept in a desiccator. The final dried
membranes sections were then covered with gold prior SEM
examination.

Performance of the RO membranes

In a dead end filtration system with membrane active area of
14.6 cm? was supplied with 35,000 mg/L sodium chloride
solution using applied pressure ranging from 30 to 60 bar
at room temperature (30 °C). The concentration of NaCl in
both the feed and permeate side of the working filtration cell
were measured using JENWAY, (470) conductivity meter.

The water flux permeated across the membrane (J) was
obtained as follow:

|4

J=m (1)

Where A is the active membrane area (mz), while V is
the permeate volume in litter (L) during a time interval t
in hours (h). The salt rejection (R) was assessed as follow:

Table 1 The composition of

. . . Membrane type Compositions (wt%) Acetone Formamide Chitosan nanopar-
casting solution for preparation (Wt%) (Wt%) ticles % in solid
of CA/chitosan nanoparticles CA Chitosan nano- content
membranes particles

CA-0 25 0.00 45 30 0

CA-1 24.75 0.25 45 30 1%
CA-2 24.50 0.50 45 30 2%
CA-4 24 1 45 30 4%
CA-8 23 2 45 30 8%
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Where C permeate and C feed are the concentrations of
NaCl salts in permeate and feeding solutions, respectively.

Results and discussion
IR spectra

Figure 1 shows the corresponding reflected spectra of CA
membrane without and with chitosan nanoparticles. One
can see from the spectrum that the pure CA membrane has
characteristic cellulosic -OH stretching peaks appeared as a
broad band in the range of 3650 to 3200 cm™!, asymmetric
and symmetric stretching of C-H group at 2940 cm™! and
2880 cm™! related to CH; and C-H, respectively [30]. The
band at 1730 cm™" related to stretching of carbonyl (C=0)
of acetate group. The carboxylate C-O stretch appears at
1220 cm™!, the peak at 1160 cm™ related to asymmetric
stretching of C—O—C bridge, and that at 1028 cm™' corre-
sponding to stretching of C—O-C pyranose ring [31, 32].
Characteristic peaks in the spectra of CA containing chitosan
nanoparticles are almost unchanged when compared to CA
because of the similarity in the structure of cellulose acetate
and chitosan. However, there is a new peak at 1637 cm™!
associated with C=0 for the amide group of the chitosan
nano-particles (undeacetylated part of chitosan). The broad
peak at 3500 cm™! associated to the combined peaks of
the NH, and OH group stretching vibration is sharper in
presence of chitosan nanoparticles which indicates an

—CA-0
——=-CA-4

Fig.1 IR spectra of CA
membranes with and without
nanoparticles of chitosan 90 -
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enhancement in the hydrogen bonding between the two
components.

Thermogravimetric analysis (TGA)

TGA analysis for CA and its blends comprising different
amounts of chitosan nano-particles are presented in Fig. 2.
The small weight loss in the range of 50-100 °C is cor-
responding to the removal of the adsorbed moisture for the
membranes. A major weight loss (~ 82 and 84%) occurred
in the range of 280—400 °C is due to extensive degradation
of the cellulose acetate and its polymer blend with chitosan
nanoparticles respectively. This result is in accordance with
the previous results reported by Liu et al., [31] demonstrat-
ing the thermal degradation of the materials with cellulosic
structure. It is noteworthy to mention that there is no char-
acteristic change in the weight loss (thermal stability) of
both membranes due the great similarity in the chemical
structures of both CA and chitosan. However there is chemi-
cal stability of the chitosan containing polymer till 300 °C
which may be due to the hydrogen bonding between the
nanoparticles and cellulose acetate chains.

Scanning electron microscope (SEM)

The topography of the prepared RO membrane of cellulose
acetate with and without chitosan nanoparticles was evalu-
ated by SEM as illustrated from Fig. 3. The blank CA-0
membranes were transparent and colorless and the mem-
brane containing nanoparticles of chitosan had a milk-white
color which increased by increasing the nanoparticles. The
Figure shows the morphology of the active side of the RO
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Fig.2 TGA thermogram for 120% - CA-0
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membranes and their corresponding cross-sections. It is
clearly shown that, both the blank and the blended mem-
brane had relatively macrovoids-free cross-section. The
macrovoids free structure of the prepared RO membranes
may be ascribed to the high polymer content and the high
viscosity of the casting solution, which reduced the rate of
solvent—non-solvent exchange because the high diffusion
resistance from the polymer chains resulting in inhibited
macrovoid development. These obtained results are matched
with the previous results demonstrated by Liu & Bai and
Ghaseminezhad [33, 34].

Pore sizes of most obtained membranes were not visible
in the SEM micrographs at the magnification of X 8000,
except those containing high nano- chitosan content (CA-2,
CA-4). The results indicated that the CA blend membranes
appeared more porous with slightly larger pores than the
blank. The increased in the flux by addition of chitosan nan-
oparticles content indicates that the porosity of the mem-
brane surface was increased.

Water content

Water content of the obtained composite membranes was
assessed with the variation of chitosan nanoparticles content
and with the evaporation time of the solvent prior to immer-
sion. It is clearly seen from Tables 2 & 3 that the water con-
tent decreases with the increase of the evaporation time. This
result was reasonably because the increase in the evaporation
time led to more dense membranes which reduce pores con-
tent within the membrane. The water content for the CA-1
is larger than that the blank CA-0 membrane, however with
successive increase of chitosan nano-particles the water con-
tent decreased which may be due to the hydrogen bonding

Temperature (oC)

between chitosan nanoparticles and cellulose acetate which
hinder water absorption.

The contact angle for CA-1 membrane is lower than the
blank (CA-0) membrane indicating the more hydrophilicity
of the membranes containing chitosan nano-particles. By
increasing the chitosan nanoparticles content in the polymer
matrix the contact angle increased but still more hydrophilic
than the blank membrane. Blank cellulose acetate membrane
has higher amount of the hydrophobic acetyl groups, moreo-
ver, the contact angle is also related to the roughness of the
film surface [35].

The contact angle was decreased by adding low concen-
tration of the nanoparticles, which the well distribution of
these nanoparticles was highly achieved within the mem-
brane matrix and surface, and not affect the roughness of
the membrane. However, by increasing the concentration of
nano-chitosan the water contact angle was slightly increased
which may be due to the aggregation of these nanoparticle
which may increase the roughness of the surface.

Reverse osmosis membrane performance
Effect of chitosan nanoparticles on RO performance

It is clearly seen from Fig. 4-(a) that the additions of the
chitosan nano-particles to the prepared membranes largely
increase the pure water permeability (PWP). The PWP for
the blank membrane prepared after 10 s evaporation time
was 51.4 L/m*h whereas, PWP reached 92.5 L/m’h for
membrane contains chitosan nanoparticles (2%) at the same
applied pressure. The PWP increases with increasing the
applied pressure for both membranes.

Figure 4-b indicates that the addition of the chitosan
nano-particles to the prepared membranes (prepared after

@ Springer
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Fig.3 SEM of CA/chitosan
nanoparticles membranes (left;
surface and right; cross-section)

Table 2 Effect of chitosan nanoparticles content on the contact angles Table 3 Effect of evaporation time on the water content of blank and
and water content of the prepared RO membranes blend cellulose acetate with chitosan nanoparticle

Membrane type Contact angle Water content Evaporation time Water Content

CA-0 82+0.32 63+0.25 CA-0 CA-2

CA-1 77£0.35 6520.30 Zero sec 63.1+0.20 65+0.25
CA-2 77.5+0.42 64.2+0.33 10s 63+0.25 64.6+0.30
Ca-4 78.6+0.40 63032 305 58.11+0.30 61+0.30
CA8 79.5+0.35 625+0.35 60's 54.5+0.25 57.4+0.28
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Fig.4 Effect of chitosan nanoparticles concentration on the RO per-
formance, (testing conditions; 10 s evaporation time, annealed at
80 °C, 35 g/l NaCl solution, at~25 °C)

10 s evaporation time) largely increases the water flux dur-
ing desalination of saline water, where CA-1 (1% of chitosan
nano-particles) represents the maximum rate of water flux
(=14 L/m*h) which may be due to the improvement in the
porosity of the membrane. On the other hand, the succes-
sive increase in the ratio of chitosan nano-particles led to a
decrease in the water flux reaching 7 L/m?h, which can be
interpreted as a result of blocking the pores of the mem-
branes. Comparing the results of water flux in presence of
chitosan nanoparticles with that in absence of the nanopar-
ticles (5.3 L/m?h), indicate the enhancement of water flux in
the presence of chitosan nano-particles. Figure 4-c depicts
the effect of chitosan nano-particles concentration on the

salt rejection. One can see that 2% ratio (CA-2) is the opti-
mum concentration for the salt rejection, after that the salt
rejection decreases with further increase in chitosan nano-
particles concentration.

From the previous results, one can see that the incorpora-
tion of chitosan nano-particles into cellulose acetate mem-
brane led to an increase in salt rejection with increasing the
chitosan ratio e.g. salt rejection increase from about 89%
(CA-0) to 92.4% for CA-2 followed by sharp decrease after
CA-4.

For membranes prepared after 30 s evaporation time the
addition of chitosan nanoparticles displayed an increase in
the water flux from 9 L/m?.h for the CA-0 to 12L/m>h for
both CA-2 and CA-4 followed by a decrease to 6.5 L/m>.h
for CA-8 as shown in Fig. 5. On the other hand, an enhance-
ment in the salt rejection was achieved for membranes con-
taining chitosan nano-particles displaying 88% for CA-2
compared with 71% for CA-O membrane. The salt rejection
for membranes prepared after 10 s was higher than that pre-
pared after 30 s for all membranes.

Effect of evaporation time

The effect of evaporation time of the solvent before immers-
ing the prepared membrane in the coagulation bath is shown
in Fig. 6. One can see from the figure that, the increase in
the evaporation time for the CA-O membrane, led to a sharp
decrease in salt rejection from 89% at 10 s to 12.5% for
60 s evaporation time. On the other hand, the water flux was
nearly constant till 10 s (5.7 L/m2h) after that the water flux
increases sharply reaching (19 L/m2h after 60 s).

For CA-2 membrane containing chitosan nanoparticles,
the increase in evaporation time decreases the water flux
from 14.3 L/m2.h for zero time to about 8.2 L/m2.h at evap-
oration time 30 s, after that a sharp increase to 47.3 L/m2.h
after 60 s. The decrease in water flux may be due to the
fact that by increasing the evaporation time, the thickness
of the skin layer increased leading to a decrease in the water
flux. These results are in accordance with the previous work
reported by Kusworo et al., [36]. On the other hand, further
increase in the evaporation time, the water flux increase may
be due to some defects acquired by the environment and
uncontrolled humidity. It is clear from the Figure that the
salt rejection was nearly the same for the first 30 s (91%),
after that a sharp decrease in the salt rejection took place
(reaching ~ 24%), which may be due to membranes defects
occurred by high humidity.

Effect of annealing temperature
The CA membrane stored in the refrigerator were washed

with tap water and pre-cured at 70 to 90 °C in water bath
for 10 min prior to assembling in the filtration system. It is
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Fig.5 Effect of chitosan a
nanoparticles concentration on 16
the RO performance, (testing

conditions 30 s evaporation 14
time, annealed at 80 °C, 35 g/l

NaCl solution, at~25 °C) 12
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illustrated from Fig. (7) that, a sharp decrease in the water
flux occurred as a function of annealing temperature (from
164 L/m2.h at 25 °C to 8.2 L/m2.h at 80 °C) with a sharp
increase of salt rejection from 8 to 93% by increasing the
annealing temperature. The main aim of annealing the mem-
branes at high temperatures is to enhance their deminer-
alizing performance. Heating is the most important factor
controlling the final properties of CA membranes and for
the preparation of good semi-permeable membranes [37].
The curing temperature at which membranes are sub-
jected can be determined by the required application and
the composition of the casting solution. The additive assists
to possess the polymeric chains to be separated from each
other until gelation of membrane beneath layer is formed.
So, when the membrane subjected to elevated pressure dur-
ing use, certain parts of the beneath layer may collapse,
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causing a highly compacted substructure. This infrastruc-
ture will increase resistance of the membrane to water flow
through it and if the compaction is non-uniform, it will dam-
age the skin layer. To avoid this problem, membranes are
annealed at high temperatures, where polymer inter-intra
chain spaces are decreased and the system will be stabilized
(low energy state) causing membrane matrix consolidation
[37, 38]. Deterioration in desalination performance and
water flux was lower when membranes were annealed at
elevated temperatures.

Anti-biofouling properties of prepared membrane
Figure 8 indicates the adhesion of the bacterial cells to the

membrane surface. It is clearly seen that the blank cellulose
acetate membrane (Fig. 8-(a)) contains large number of the
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Fig.6 Effect of evaporation
time on RO performance of
CA-0 and CA-2, annealed at

80 °C, 35 g/l NaCl, and pressure
60 bar at 25 °C
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bacterial cells which are strongly adhered to the membrane
surface. The adhered cells of bacteria on the membrane sur-
face were significantly decreased by increasing the concen-
tration of chitosan nanoparticles in the membranes matrix
and surface (Fig. 8 (b-d)). These results indicate that the
membrane containing chitosan nanoparticles have enhanced
antibacterial properties.

We can conclude that the obtained results are in accord-
ance with the earlier results described by a number of
research teams [26, 39, 40] which mentioned that chitosan
and chitosan nanoparticles have antifouling and antibacterial
properties. An interesting studies by Pan et al., and Ardila
et al. revealed that, chitosan usually used against various
targets organisms as bacteria, viruses, fungi and algae. In
general, the effect of molecular weight of chitosan on the

30

20
60

50

20 30 40
Evaporation time (sec)

activity is an important parameter and the type of microor-
ganism also has a significant character [41, 42].

Conclusion

The preparation of cellulose acetate RO membranes with
and without chitosan nano-particles was studied. The
results indicated that the addition of chitosan nano-particles
increase the water flux largely with enhanced effect on the
salt rejection of the membranes. The water flux increased
from 6 L/m?h for blank (CA-0) membrane to about 18 L/
m?.h to (CA-2) containing 2% by weight chitosan nanoparti-
cles, followed with increase the salt rejection from 89 to 94%
for artificial seawater (35 g/L NaCl). The optimum condition
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Fig.7 Effect of annealing
temperature on the performance
of the prepared membranes
(CA-2), testing pressure 50 bar,
35 g/l NaCl solution at~25 °C

Fig.8 SEM of attached bacteria

on membranes a) CA-0, b)
CA-1,¢c) CA-2,d) CA-8
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for obtaining good RO membrane with enhanced desalting
properties can achieve with immersion the casted solution
without any evaporation time with addition of 2% chitosan
nanoparticles and annealing the obtained membrane in 80 °C
water bath. The membranes of CA that contains nano-parti-
cles of chitosan showed better resistance for bacterial adhe-
sion to the membrane surface.
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