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ABSTRACT

The main objective of this work is to prepare cellulose acetate (CA) reverse osmosis (RO) membranes
supported onto nonwoven polyester fabric to withstand the applied high pressure. The supported
CA-RO membrane with a 250 pm was selected to investigate the surface modification by grafting
n-isopropyl acrylamide (N-IPAAm) and crosslinking with N,N'-methylenebisacrylamide (MBAAm).
The surface roughness of the modified grafted and crosslinked membranes were measured with
different areas of 0.5 um x 0.5 pm, 1 pm x 1 um and 5 pm x 5 um by atomic force microscope.
Average roughness (R ) values were decreased from 5.51 to 1.27 nm and 2.31 nm for the unmodified
CA-RO, the grafted and grafted/crosslinked supported-CA-RO membranes, respectively. The perfor-
mance of the fabricated supported CA-RO membranes was tested and proved the high stability to
30 bar. It was found that the salt rejections of pristine supported CA, 0.1% N-IPAAm grafted sup-
ported CA and 0.1 N-IPAAm/0.013% MBAAm/supported CA-RO membranes were 85.91%, 92.4%
and 96.4%, respectively. Moreover, it was noticed that the water flux values were 6 L/m*h for the
unmodified supported membrane, 3.89 L/m*h for the grafted membrane and 3.75 L/m*h for the

crosslinked/grafted supported CA-RO membrane at 14 bar.
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1. Introduction

The most popular technology for water desalination is
reverse osmosis (RO) membranes. The desalination process
has provided drinking water by removing the dissolved
salts from brackish or seawater to overcome the prob-
lem of water shortage. RO membrane has an asymmetric
structure and has an ability to reject the monovalent ions
[1]. Thin-film composite and cellulose acetate (CA) are
the two major polymeric materials used in the fabrication
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of RO membranes [2]. CA is a favored polymer for mem-
brane fabrication due to its accessibility, easy to process-
ing, resist the attack by chlorine and convenient to func-
tionalize [3,4]. However, the CA membrane is affected by
the high salinity and increasing the salt content leads to
high osmotic pressure which requires a high applied pres-
sure to produce a good performance [5]. The asymmet-
ric structure affects the CA membrane to be susceptible to
compact at high pressure. The compaction process gener-
ates when the dense layer merges with the porous sublayer
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[6]. These operating conditions demand a membrane with
high mechanical properties to withstand the high pressure.
The support layer can be enhanced the CA-RO membrane
mechanical strength by decreasing the membrane shrink-
age [7,8]. In addition, to enhance the hydrophilicity of CA
membrane the grafting and crosslinking processes can be
carried on the top surface of CA [9-14]. Different mono-
mers such as methyldiethylene glycol methacrylate, glyc-
idyl methacrylate-g-polyethyl and 2-acrylamido-2-meth-
ylpropane sulfonic acid have been used previously in the
membrane grafting [9,15,16]. On the other hand, ethylene
glycol dimethacrylate, N,N'-methylenebisacrylamide and
N,N,N’,N'-tetramethylethylenediamine are used as cross-
linkers onto membrane surface [17,18]. Worthley et al. [19]
prepared and modified the CA-RO membrane via polymeric
grafting of 2-hydroxyethyl methacrylate.

The objective of this work is to fabricate polyethelene-
terphthalate (PET)/polybutyleneterephthalate (PBT) non-
woven polyester fabric support asymmetric CA-RO mem-
branes by phase inversion technique with different CA
thicknesses to resist the high-pressure salt rejection without
deformation. In addition, the supported CA-RO membranes
are grafted and crosslinked with n-isopropyl acrylamide
(N-IPAAm) and N,N'’-methylenebisacrylamide (MBAAm),
respectively to enhance the hydrophilicity and decrease sur-
face roughness with an improvement of the performance.
The water flux and salt rejection of the supported CA-RO
and the modified membranes are evaluated by a crossflow
cell under variable applied pressure.

2. Experimental work
2.1. Materials

1,4-Dioxane was purchased from Sigma-Aldrich
(Germany) with the purity of 99% and the glacial acetic
acid (purity > 99.8%) was supplied by Panreac Quimica
S.A (Barcelona, Spain) and BDH AnalaR (England), respec-
tively. Methanol (purity > 99.5%) and acetone (purity > 99%)
were purchased from Labsolve (Lisbon, Portugal). Ethanol
was delivered from Carlo Erba, Spain. CA of molecular
weight of 100,000 g/mol with 39.8 wt.% acetyl was obtained
from Aldrich. Flat polyester nonwoven fabric with a thick-
ness of 120 pm (85 g/m?) based on PET/PBT of mechanical
strength (200 N/5 cm), (Novatexx 2484) was purchased from
Freudenberg Filtration Technologies Company, Germany.
N-isopropyl acrylamide and N,N-methylene bisacrylamide
were obtained from Across (New Jersey, USA). Potassium
persulfate and NaOH were purchased from Sigma-Aldrich
(Germany) and Carlo Erba, Spain, respectively. NaCl was
supplied by Honeywell, Denmark.

2.2. Preparation of CA-RO membranes on nonwoven polyester

The solution mixture of acetone (13.5 ml), dioxane
(27 ml), glacial acetic acid (5 ml) and methanol (10.7 ml)
and CA (8.45 g) was cast on nonwoven fabric polyester as a
support layer with different thicknesses of 100, 150, 200 and
250 pm using an automatic film applicator (Zehntner, Swiss)
[9]. The phase inversion technique was applied to prepare
the supported CA-RO membrane. Nonwoven fabric polyes-
ter was wetted with the glacial acetic acid for 30 min before

casting the CA membrane. The evaporation time was 60 s
and then the glass plate was immersed into ice-cold water at
4°C for 15 min to exchange the solvent with nonsolvent and
this is followed by the precipitation process. The separated
RO membrane from the glass plate was placed in another
cold water bath at 4°C for 2 h. Finally, the thermal anneal-
ing of the RO-membrane was carried out by increasing the
temperature gradually to 80°C for 10 min.

2.3. Grafting and crosslinking of supported CA-RO membranes

The mentioned above membrane supported with a
thickness of 250 pm was grafted by 0.1% of N-IPAAm.
Potassium persulfate with 1.5 wt.% was used as an initia-
tor to form a free radical onto the surface of the CA active
layer by the abstraction of a hydrogen atom from CA.
Then the grafting process was carried out by spreading
N-IPAAm solution on this active surface CA membrane
and keeping for 10 min at room temperature [20]. The pro-
duced supported grafted CA-RO membrane was dried in
an oven for 10 min at 40°C. Finally, the reaction of MBAAm
as a crosslinker (0.013% of MBAAm to 0.1% N-IPAAm
in 5% ethanol) on the surface of the supported grafted
CA-RO membrane was accomplished.

2.4. Characterization techniques

Scanning electron microscopy (SEM), XL 5300 JEOL
(Japan) has been used to study the morphology of the pure,
grafted and crosslinked CA-RO membranes. The cross-sec-
tions of the RO membranes were imaged after cutting off
under liquid N, for a consistent and clear break cross-section
imaging and have been coated by a gold thin film using a
sputter coating technique. Atomic force microscope (AFM)
images of RO membranes were taken for three areas with
0.5 pum x 0.5 um, 1 um x 1 um, and 5 um x 5 pym using SPM-
9700, Shimadzu (Japan) equipped with the dynamic mode at
ambient temperature. A microcantilever OMCL-TR800PSA
(Olympus) was used. The contact angles measurement was
performed to evaluate the surface hydrophilicity by using
a Ramé-Hart, Instrument Company, France and by fixing
the membrane sample (3 cm x 2 cm) onto a glass plate by a
double face tape. A droplet of 2 uL deionized water (2 uL)
was placed on the active membrane surface using microsy-
ringe (Hamilton Company, Reno, NV). The contact angles
were measured on the right and left sides of the droplet.
The average of six measurements was calculated.

2.5. Salt rejection and water flux measurements

The salt rejection and water flux of the prepared RO
membranes were tested across flow stainless steel cells
(CF042 Sterling Company) under different operating
pressures. The hydraulic pump was used to apply the
operating pressure and adjusted by a pressure gauge and
follow by a pressure control valve with a variable frequency
drive (SV015IG5A-4) and flow meter (F-550, USA). The
membrane was first tested under constant pressure with
deionized water for 30 min to open the channels and pores
of the RO membrane. The feed solution was prepared by
NaCl of 10,000 ppm and pH 7 at 25°C. The total dissolved
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salts were measured by pH/conductivity meter 430 portable
Jenway, UK.

The salt rejection (R) of the prepared membranes and
calculated by the following equation [21]:

C
R=|1-—=2|x100% Q)
Cf

where C is the concentration of solute in permeate and C
. 14 . . f
is the concentration of the solute in the feed.

The permeate water flux (F) represents the amount of the
pure water per unit area per unit time at different pressures
and is determined by Eq. (2) [21].
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where V is the permeate volume, A is an area of active
membrane and f is time.

3. Results and discussion

3.1. Mechanism of grafted/crosslinked supported CA-RO
membrane

Supported CA-RO membrane is grafted by N-IPAAm
via free radical polymerization using KPS as an initiator on

Cl)H OH

KPS
Polyester support layer

—_—

the surface of the membrane. Firstly, the free radical formed
by hydrogen abstraction of the cellulose hydroxyl group
on the membrane surface and then N-IPAAm is reacted by
the creating free radical on the terminal vinyl group which
terminated by the crosslinker MBA Am as illustrated in Fig. 1.

3.2. Structural property of CA, grafted/CA and grafted/
crosslinked RO membranes

Fig. 2 shows the Fourier-transform infrared spectros-
copy of the supported CA, grafted and grafted/crosslinked
CA-RO membranes. The spectra present characteristic
broadband at 3,520 cm™ for OH stretching which becomes
sharper at 3,500 and 3,510 cm™ for the grafted and grafted/
crosslinked membranes due to the overlapping between the
OH and N-H stretching of the amide groups of N-IPAAm
and MBAAm. The absorption peaks at 2,947; 2,991 and
2,972 cm™ are attributed to the CH groups of pure, grafted
and crosslinked membranes, respectively. The sharp absorp-
tion band at 1,743 cm™ corresponds to the carbonyl of the
acetyl group of all the membranes. The appearance of the
absorption bands at 1,668 and 1,676 cm™ are observed for
the carbonyl in the amide group of N-IPAAm and MBAAm,
respectively. In addition, the disappearance of the band at
1,640 cm™ confirms the grafting and crosslinking process of
N-IPAAm and MBAAm on the vinyl group C=C. Moreover,
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Fig. 1. Mechanism of grafting and crosslinking of supported CA-RO membrane with N-IPAAm and MBAAm.
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Fig. 2. Fourier-transform infrared spectroscopy of pristine supported CA/RO supported N-IPAAm/CA-RO and N-IPAAM/

MBAAmM/CA-RO membranes.

the weak absorption band at 1,545 cm™ is assigned for the
N-H bending in the MBAAm of the grafted/crosslinked
CA-RO membrane [17,22].

3.3. Morphological studies
3.3.1. SEM analysis

Fig. 3 shows the morphology of top surface, bottom and
cross-section of the different thicknesses 100, 150, 200 and
250 pum of CA-RO membranes cast onto nonwoven polyester
fabric. The top surface of the lower thickness of 100 um of CA
displays a visible backing layer of fabric. There is an agglom-
eration of CA on the bottom due to the little impregnation
of CA through the fabric nonwoven layer. The cross-sec-
tion indicates the only one layer of the polyester without
appearing of the dense layer of CA as shown in Fig. 3a.

The higher thicknesses of 150 and 200 pm CA improve
the top surface morphology and covered the fabric layer.
The wavy of polyester is decreased. However, the bottom
surface forms two compatible and incompatible regions.
The incompatible region is formed due to the low wetting
of the backing layer with acetic acid before casting the poly-
mer solution and penetration of CA through the nonwoven
fabric layer as depicted in Figs. 3b and c. On the other hand,
the compatible region results in a homogeneous phase of
CA and polyester fabric.

The high thickness of 250 pm CA exhibits a smooth and
fully covered top surface of the CA membrane. Therefore,
the incompatible region at the bottom of the membrane is
reduced. At this thickness, the cross-section illustrates and
confirms the formation of an asymmetric CA membrane with
a dense top layer and porous sublayer contains a macrovoid
structure coated onto a support nonwoven polyester fabric as
presented in Fig. 3d.

SEM images of the surface, bottom and cross-section of
the pure supported CA-RO membrane, grafted supported
CA and grafted/crosslinked supported CA-RO membranes

with 250 um of CA are depicted in Fig. 4. The grafted CA
membrane with N-IPAAm monomer exhibits a smoother
top surface than the pure supported CA-RO membrane. The
grafted CA membrane with N-IPAAm also enhances the
formation of the three layers of the asymmetric RO mem-
brane and a small finger-like macrovoid structure is formed
as shown in the cross-section. However, the addition of
the crosslinker MBAAm to the CA-RO membrane shows a
formation of large numbers from a finger-like macrovoids
structure with a homogenous distribution. Viscous finger-
ing in presence of monomers or crosslinkers appears due
to the instabilities at the interface to initiate the formation
of finger-like voids. The relative thickness of finger-like
and sponge-like regions greatly affects the properties of the
membrane such as permeation water flux [23]. Increasing
the number of macrovoids and finger-like structures con-
firms that the N-IPAAm and MBAAm may be acted as a
pore former.

The morphology of the grafting and grafting/crosslinking
process of CA cast on nonwoven polyester fabric is
schematically presented in Fig. 5.

3.3.2. AFM analysis

AFM images analyze the membrane surface topology
and determine the surface roughness. Fig. 6 shows the
three dimensions views of AFM analysis of the pure sup-
ported CA/RO membrane, the grafted supported CA/RO
membrane by 0.1% N-IPAAm and the crosslinked/grafted
CA-RO membranes by 0.013% MBAAm. The bright regions
represent the peaks and the dark regions are the valleys
while the pores are mainly founded in the dark points.
[24]. Characterization of the surfaces was achieved by mea-
suring the roughness, average roughness, mean height,
and peak-valley. Roughness is one of the most important
surface properties as it has a strong influence on adhesion
(fouling) and also on local mass transfer. The adhesive
force has been shown to be larger for membranes with high
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Fig. 3. SEM images of the surface, bottom and cross-section of CA-RO membranes cast on nonwoven fabric polyester (a) 100 um, (b)

150 pm, (c) 200 pm, and (d) 250 um supported CA-RO membrane.

roughness compared to the smooth membranes. A large
number of peaks and valleys on the membrane surface
affect the roughness average (R) difference average of the
five height peaks and the lowest five valleys (R ) and the root
mean square (R ) which calculated from AFM images [25].
Table 1 lists the parameters of three areas (0.5 um? x 0.5 um?,
1 um? x 1 um? and 5 um? x 5 um?) of the pure and modified
membranes. It is observed that R value of the membrane

area of 1 um? x 1 um? is 5.51 nm for the pure CA-RO, while
R, of the grafted and crosslinked CA-RO membranes are
sharply decreased to 1.27 and 2.31 nm, respectively. In addi-
tion, R, results in 44.4 nm for the purely supported mem-
brane and decreases to 16.25 and 27.09 nm for the grafted
and crosslinked membranes, respectively. Moreover, it is
found that R is 7.06 nm for the pure CA-RO and declines to
1.66 and 3.04 nm for the modified grafted and crosslinked
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Fig. 4. SEM images of the surface, bottom and cross-section of (a) pure supported CA-RO membrane, (b) grafted CA-RO membrane

and (c) crosslinked/grafted supported CA-RO membrane.

CA-RO membranes, respectively. It is clear that the CA-RO
membrane has the highest value of roughness among the
investigated membranes. This means that this membrane
is expected to have a relatively high adhesive force and as
the result high fouling on its surface. On the other hand, the
crosslinked membrane has a low value of roughness while
the grafting membrane has the lowest value of roughness
[26]. From these data, we concluded that R, R_ and R‘7 val-
ues are significantly decreased with the grafting process
due to the formation of homogeneous and dense top layers
which decreases the wavy structure and treats the defects
on the membrane surface [27]. However, the surface rough-
ness of the crosslinked membrane is slightly increased than
the grafted membrane due to the lower crosslinker solubil-
ity and the enhancing of the formation of the free volume
between polymer chains of CA [28].

3.4. Effect of grafting and crosslinking on the surface
hydrophilicity

The contact angle is used to evaluate the hydrophilic-
ity of the membrane surface. The contact angles values of
the active layer of different thicknesses of 100, 150, 200 and
250 um of CA-RO membranes on nonwoven polyester are
59.86°, 59.82°, 59.02° and 59°, respectively as presented in
Fig. 7a. This insignificant change in the values of contact
angles is attributed to the fixed chemical structure and com-
position of the top surface. It is noted that CA membrane
nature is a hydrophilic material due to the presence of the
hydroxyl group in the CA chains [29,30].

Fig. 7b indicates the bar chart of the contact angles of
CA, grafted CA and grafted/crosslinked CA-RO mem-
branes. It is cleared that there is a sharp decrease in the



Y. Elkony et al. / Desalination and Water Treatment 203 (2020) 47-57 53

CA/RO MEMBRANE

80 <

60 4

40 1 | _a—250 pm CAfpolyesier RO membrane
—e—N-PAAM/CA/polyester RO membrane
—a—N-IPAAM/MBAAM CA/pelyester membrane

salt rejection %

20 4

20kV X508

5 10 15 20 25 30

Pressure (bar)

MBAAM/N-IPAAM/CA/RO MEMBRANE

20kV X1,000

N-PAAM/CA-RO MEMBRANE

i oH
YN o,
0 0

MBAAM

SPrm 898473

Fig. 5. Scheme of the grafting/crosslinking supported CA-RO membranes.

Table 1

AFM parameters of supported CA, 0.1 N-IPAAm grafted and 0.1 N-IPAAm grafted/0.013 MBA Am crosslinked RO membranes calcu-

lated by AFM (area 0.5 pm x 0.5 um, 1 um x 1 um and 5 um x 5 um)

AFM parameters R, (nm) R, (nm) Rq (nm)

RO membranes 05um?x  1um?x1 5um?*x5 05um?x 1 pum x S5um?x  05um*x lum?’x  5um?x1
0.5um?  um? um? 05um?>  1um 5 um? 05um*>  1um?

Supported CA 3.05 5.51 13.71 26 444 164.9 3.93 7.06 18.8

Grafted/supported/CA  0.65 1.27 6.04 13.58 16.25 87.2 0.987 1.66 8.31

Crosslinked/grafted/ 1.17 2.31 8.47 10.06 27.09 122.6 1.46 3.04 11.7

supported CA

contact angle from 59° to 44.38° for CA and the grafted CA
membranes, respectively due to the hydrophilic properties
of N-IPAAm contains C=O and N-H groups. Moreover, the
addition of the crosslinker of the MBAAm decreases the con-
tact angle of the CA membrane to 47.94° and this value is
slightly higher than the grafted CA membrane. The cross-
linker has the ability to links the polymer chains and pro-
viding a long chain of the polymer [27]. These results are in
agreement with that obtained by Worthley et al. [19] where
they found that the pristine CA membrane displayed an
average contact angle of 70° + 2° whereas pHEMA coated
membranes (30 min) had an average contact angle of 75° +1°.
CA-g-pHEMAG60 had an average contact angle of 52°+2°[19].

3.5. Salt rejection and water flux of supported CA-RO membranes
3.5.1. Effect of CA-RO membrane thicknesses

The salt rejection and water flux of the supported
CA-RO membranes cast with different thicknesses of 100,
150, 200 and 250 pum vs. the operating pressure are pre-
sented in Fig. 8. It is observed that the supported CA-RO

membrane with a thickness of 100 um passes the water
without separation of salts at low pressure. The thickness
of the CA coating layer on the fabric support layer is not
sufficient for the desalination process under the operating
pressure. The salt rejections of CA-RO membranes with
thicknesses of 150, 200 and 250 pum tested under operating
pressure of 8 bar are 61.42%, 97.9% and 95.13%, respectively.
When the operating pressure has increased to 16 bar, the
salt rejections of the polyester/CA-RO membranes with
thicknesses of 150, 200 and 250 um decline to 25.9%, 76.34%
and 71.84%, respectively. This can be explained based on
the solute accumulation at the membrane surface that
leads to the formation of a boundary layer of salt across the
membrane and consequently this declines the driving force.

As illustrated in Eq. (3), the solute concentration C  at
the membrane surface increases, the permeate concentration
C, will increase and result in the salt rejection decreases [31].

R =1—C—” )
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Fig. 6. AFM images of three dimensions areas of 0.5 um x 0.5 um, 1 um x 1 um and 5 pm x 5 um of (a) supported CA-RO membrane,
(b) grafted/supported CA-RO membrane and (c) crosslinked/grafted/supported CA-RO membrane.

Further increase in the operating pressure to 22 bar for
the membrane with 150 um thickness, the salt rejection is
increased again to 49.55%. The salt rejections of the 200 and
250 pum thicknesses are raised to 81.2% and 80.3%, respec-
tively at 22 bar as illustrated in Fig. 8a.

The salt rejection was increased again due to the effect
of concentration polarization which starts to decrease during
the separation process and consequently the diffusion of
solute will reverse forward to the feed solution owing to
the difference in the concentration of salts between mem-
brane surface and the feed bulk. Increasing the net driving

force results in a drop in the osmotic pressure, as indicated
in Eq. (4) [31].

Ap; =Ap—An 4)

where Am the osmotic pressure difference of the solution is
across the membrane, Ap is the applied pressure and Ap
effective pressure or driving force.

Fig. 8b illustrates the water flux values of the above
three supported CA-RO membranes. At low pressure of

eff
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8 bar, water flux is 5.81 L/m?h which further increased to
14 L/m?h at 22 bar for 150 um CA-RO. Furthermore, the
higher thicknesses of 200 and 250 um CA-RO membranes,
the water flux values are started at 8 bar and exhibit initial
results of 1.785 and 2.38 L/m?h, respectively. These values
are increased gradually to 14.2 and 12.9 L/m*h by increas-
ing the operating pressure to 22 bar. This is attributed to
the increase of the transmembrane pressure forces through
the membrane. Besides, it is found that the water flux is
directly proportional to the applied pressure according to
the following equation [32]:

F=A(Ap-An) ®)

where A is the membrane constant. As the Ap increases,
the Amt decreases and the water flux will be higher.

3.5.2. Effect of grafted/crosslinked supported CA-RO
membranes

Fig. 9 shows the influence of the grafting and crosslink-
ing of the supported CA-RO membranes with a thickness
of 250 um on the salt rejections and water fluxes. The salt
rejection values of pure supported CA, 0.1% N-IPAAm
grafted supported CA and 0.1 N-IPAAm/0.013% MBAAm/
supported CA-RO membranes are 85.91%, 92.4% and 96.4%,
respectively at 10 bar. Increasing the applied pressure to
14 bar, the salt rejection results respectively, are obviously
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Fig. 8. (a) Salt rejection and (b) water flux of different thicknesses
of CA cast on polyester RO membranes.

decreased to 72.15%, 82.11% and 91%. It is noted that the
grafted and crosslinked CA-RO membrane exhibits higher
stability on the rejection by raising the operating pressure.
Furthermore, increasing the operating pressure to 28 bar,
the salt rejections of the pure supported and grafted cross-
linked/CA-RO membrane increased again to 89.76% and
78.6%, respectively as previously mentioned as shown in
Fig. 9a. It is observed that the salt rejection of the grafted
and crosslinked grafted membranes are higher than the
pure supported CA-RO membranes. This is attributed to
the formation of a homogeneous and compact layer of graft-
ing on the surface and the formation of the network struc-
ture of N-IPAAm and the crosslinker MBAAm which could
link the monomer free radicals and creating crosslinking
between the polymer chain to increase the surface net struc-
ture [28]. When the N-IPAAm grafted membrane is cross-
linked with MBA Am, the monomer’s contents are increased
and result in a higher salt rejection than the grafted mem-
brane. It can be concluded that the crosslinked/supported
CA-RO membrane with N-IPAAm/MBAAm displays an
enhancement of the stability and separation performance.
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Fig. 9. (a) Salt rejection and (b) water flux of supported CA-RO
membrane, grafted supported CA-RO membrane and grafted
crosslinked CA-RO membrane.

Worthley et al. [19] found that the salt rejection of the pris-
tine CA-RO membrane was 87.9% and decreased after graft-
ing with pHEMA for 30 and 60 min to 83.1% and 20.4%,
respectively.

The water fluxes at a low operating pressure of 10 bar
are 3.06, 1.53 and 1.55 1/m*h for the pure supported, grafted
supported and crosslinked/grafted supported CA-RO mem-
branes, respectively. The operating pressure is increased
to 14 bar and water flux values are increased to 6 L/m?h
for the unmodified supported membrane, 3.89 L/m*h for
the grafted membrane and 3.75 L/m?h for the crosslinked/
grafted supported CA-RO membrane. When the pressure
is further increased to 28 bar, the water flux of the grafted/
crosslinked membranes is promoted to 10 L/m?h as shown in
Fig. 9b. The higher water flux of the pure supported CA-RO
membrane than the grafted and crosslinked is assigned to
the penetration of the monomer through the membrane to
the backing and blocking both of the pores and channels of
the membrane. The grafting on the membrane surface could
also increase the hydraulic resistance or the concentration
polarization [33]. The layers of the grafted and crosslinked
membranes cast on the fabric support layer increase the

compaction, where the grafting and crosslinking on the sur-
face could rearrange the polymer chains and causing a lower
water flux than the pure supported CA-RO membrane [34].

4. Conclusions

The asymmetric CA-RO membranes were prepared
by casting different thicknesses of CA onto nonwoven
polyester fabric as support to resist the high pressure and
avoid the shrinkage of the membrane. The morphology of
pure supported CA-RO membrane showed a macrovoids
structure, while the grafted and crosslinked CA mem-
branes displayed a fingerlike macrovoid structure. AFM
image with an area of 1 um x 1 um exhibited R, value of
5.51 nm for the pure supported CA-RO membrane which
decreased to 1.27 nm and 2.31 nm for the grafted and
grafted/crosslinked RO membranes, respectively. The
hydrophilicity was increased with the grafted N-IPAAm/
CA and crosslinked MBAAmM/N-IPAAm CA-RO mem-
branes than the pure membrane. The performance of the
supported CA-RO membranes presented highly stable
membranes under high operating pressure of 30 bar. The
salt rejection values of pure supported CA, 0.1% N-IPAAm
grafted supported CA and 0.1 N-IPAAm/0.013% MBAAm/
supported CA-RO membranes were 85.91%, 92.4% and
96.4% at 10 bar. It was found that the water flux values
were 6 L/m?h for the unmodified supported membrane,
3.89 L/m*h for the grafted membrane and 3.75 L/m*h for
the crosslinked/grafted supported CA-RO membrane.
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