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ABSTRACT

A chitosan/cellulose acetate (CA) composite membrane is prepared in this study. The effect
of varying CA concentration on membrane morphology and performance is studied by
using scanning electron microscopy and the composite membrane is characterized by
differential scanning calorimetry and thermal gravimetric analysis. Molecular weight cut-off
of the composite membrane is found to be 830 Da, which is in the range of nanofiltration.
The rejection for copper from a common effluent treatment plant wastewater is observed to
be 81.03% at 506.5 kPa applied pressure. The mean pore size is calculated to be 0.78 nm.
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1. Introduction

Due to potentially unacceptable ecological risks
to plants, animals, and micro-organism, as well as
carcinogenic risks to humans, heavy metal contamina-
tion of water resources has attracted attention for the
past many years [1]. Metal ions can be removed from
aqueous effluents by conventional techniques, such as
reverse osmosis (RO) and chemical precipitation, [2–4]
but these methods are costly and incapable of remov-
ing trace levels of heavy metal ions from wastewater

[4]. Membrane separation is a promising technology
with lower energy cost for the selective separation of
heavy metal ions [5].

Nanofiltration (NF), a pressure-driven membrane
process, has practical applications in water treatment
[6–8]. The mechanism is based on sieving and the
Donnan effect [9–12]. It can be operated at relatively
low pressures (0.3–1.5 MPa) and has high rejection of
multivalent ions [9]. The molecular weight cut-off
(MWCO) of NF ranges from 200 to 2,000 Da, a set of
values intermediate to those of ultrafiltration (UF) and
RO [9–13].
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Cellulose acetate (CA) was one of the first
membrane polymers to be used for aqueous-based
separation, and used as both RO and UF membrane
material. This material is still commonly used, because
it has a natural origin with hydrophilic property and
maintains high mechanical strength during mem-
branes fabrication and process. However, a major
drawback is lack of reactive functional groups on the
CA polymer backbones to enhance the separation
efficiency of the membranes and this polymer is not
suitable for adsorptive separation that works on the
principle of affinity [14–16].

To obtain higher selectivity and higher flux, CA
membrane modifications are often required [16,17].
One such modification involves blending CA with
chitosan (CS) [17–20]. Boricha and Murthy [17] pre-
pared N,O-carboxy methyl CS (CMC)/CA blend NF
membrane for chromium and copper ions separation,
and their rejections were 83.4 and 73.6%, respectively.
The addition of CS increases membrane hydrophilicity
by introducing reactive sites (amino and hydroxyl
groups) in the membrane material. Further, CS
composite membranes are easily regenerated, and
have higher flux and retention and antifouling proper-
ties [21,22]. Musale and Kumar [21] prepared CS/poly
acrylonitrile composite UF membrane. Also, Miao
et al. [23] fabricated N,O-carboxy methyl CS/polyether
sulfone composite membrane. Daraei et al. [24]
fabricated thin film composite membrane by mixed
matrix nanoclay/CS on PVDF microfiltration support
for dye removal. However, polymers like polysulfone,
polyacrylonitrile, and polyvinylidene fluoride are
hydrophobic materials and the structural stability of
CS composite membranes with these sublayers is not
acceptable to endure the long experimental condition
and significant difference in surface tension caused
segregation of these layers under swelling condition.
[25]. So, in this study, CS/CA composite membranes
are prepared for metal ion removal, that is rarely
reported in the literature. The pure water permeabil-
ity, MWCO, rejection behavior, characteristics of
CS/CA composite NF membranes, and the effects of
CA concentration on membrane morphology and
performance are studied.

2. Experimental

2.1. Materials

CA was supplied by Aldrich Co. N-methyl pyrroli-
done (NMP) (Merck) was used as the solvent. CS was
purchased from Chitotech. All other chemicals
(glutaraldehyde, acetic acid, sodium hydroxide, cupric

sulfate, and polyethylene glycol (PEG)) were of
analytical grade and used without further purification.

2.2. Membrane preparation

The substrate CA membranes were prepared by
dissolving various amounts of CA (i.e. 15, 18, and
20% w/w) in NMP solvent containing PEG (600 Da)
(10% w/w of solution). After aeration, the CA solution
was poured onto a flat surface. A proper membrane
thickness was formed using a 200-μm slot applicator.
After pouring the solution (without solvent evapora-
tion), the process of coagulation was carried out in
distilled water.

To prepare the CS/CA composite membrane, CS
solution (0.5% (w/w)) in aqueous acetic acid (10%
(w/w)) was filtered. The CA membrane prepared
from the dope of 15% w/w CA was immersed in
eight consecutive solutions with different concentra-
tions of ethanol and n-hexane, i.e. 25, 50, 75, and 100%
of ethanol in water and then 25, 50, 75, and 100% of
n-hexane in ethanol for solvent exchange before the
membrane was dried. The substrate membrane was
then immersed in the CS solution for 3 min, and dried
at 25˚C. Cross-linking was carried out by immersing
the dry membrane into a 0.25% (w/w) glutaraldehyde
aqueous solution, at 25˚C for 30 min, followed by
washing with distilled water to remove the unreacted
glutaraldehyde residues. Finally, the membranes were
dried by a filter paper.

2.3. Membrane performance

Pure water permeation for CA sublayers was
measured using a flow through cell (effective mem-
brane area, 20 × 10−4 m2) at 25˚C at different operating
pressures (i.e. 202.6, 303.9, and 506.5 atm).

The permeation performance was studied for
composite membrane by determining the fluxes, and
rejections for CuSO4 solution with a concentration of
either 50, or 100 mg L−1, and at an operating pressure
of 506.5 kPa. Flux (F) and rejection (R) were deter-
mined as follows.

F was calculated by Eq. (1):

F ¼ V

A� t
(1)

where F (Lm−2 h−1) is the flux, A (m2) is the effective
area of the membrane; t (h) and V (L) are the time
and the volume of permeate through the membrane,
respectively. R was calculated by Eq. (2):
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R ð%Þ ¼ 1� CP

CF

� �
� 100 (2)

where CP (mg L−1) and CF (mg L−1) are the copper con-
centrations in permeate and feed streams, respectively.
All reported data are the mean values of three replicates.

2.4. Molecular weight cut-off (MWCO)

MWCO of the composite membrane was
determined using the rejection data for PEG of various
molecular weights (200–1,500 Da). The feed PEG
concentration was 1,000 mg L−1. The concentrations of
PEG in the feed and permeate were measured by total
organic carbon analyzer (Model DC-190).

2.5. Characterization

2.5.1. Attenuated total reflectance–Fourier-transform
infrared (ATR-FTIR) Analysis

ATR-FTIR analysis (Bruker, Equinox 55) was used
to characterize the surface chemistry of membranes
made of CA and CS/CA membranes.

2.5.2. Scanning electron microscopy (SEM)

Membranes were fractured in liquid nitrogen for
SEM observation, before their cross sections were cov-
ered with a thin layer of gold using a sputter coater
(SCDOOS–Baltec, Switzerland). The cross sections
were observed by a SEM (XL30-Philips-Netherlands).

2.5.3. Contact angle

Hydrophobicity of CA and CS/CA membranes
were measured by water contact angle analyzer
(Contact Angle Measurement System G10, LBI02, and
KRUSS).

2.5.4. Thermal analysis

Thermal gravimetric analysis (TGA) measures the
weight of a polymer, as a function of temperature, or
time, while the sample is subjected to a controlled
temperature program in a controlled atmosphere [26].
CS/CA composite membrane was analyzed using the
TGA analyzer (Polymer laboratories, United Kingdom)
under a nitrogen atmosphere. The heating rate was
10˚C/min, from 30 to 600˚C.

Differential scanning calorimetry (DSC), the
most popular thermal analysis technique, measures

difference in rate of heat transferred to a sample, and
a reference as a function of temperature, while the
sample is subjected to a controlled temperature pro-
gram [26]. The composite membrane was analyzed by
DSC, using a Netzsch DSC 200/F3 Maia at a rate of
10˚C min−1, ranging from 25 to 350˚C under a nitrogen
atmosphere.

2.5.5. Atomic absorption experiments

The concentrations of metal ions were measured
by a flame atomic absorption spectrophotometer (Var-
ian AA Model 240). All the reported copper concentra-
tions are the mean values of three replicates.

3. Results and discussion

3.1. ATR-FTIR analysis

ATR spectrum of CA and CS/CA was shown in
Fig. 1. A band at 940 cm−1 corresponds to β-linked
glucan structure. The absorption bands at 1,052 and
1,190 cm−1 are attributed to C–O bending and C–O
asymmetric stretching. An absorption bands at 1,235,
1,350, and 1,752 cm−1 correspond to C–C–O stretching
of acetate, C–H bending, and C=O stretching, respec-
tively. The absorption bands at 2,933 and 3,512 cm−1

belong to CH2, CH3 asymmetric stretching, and OH
stretching of CA hydroxyl groups. Another peak at
1,670 cm−1 is attributed to O–H stretching and bend-
ing vibrations of molecular water [27,28]. ATR spec-
trum of CS/CA is similar to CA, except an absorption
band at 1,572 cm−1 belongs to N–H bending in amide
II of CS [29].

3.2. SEM analysis

Fig. 2(a)–(c) show the SEM images of substrate
CA membranes with various CA concentrations.
When CA concentration was increased, the solution
viscosity increased, resulting in slower phase inver-
sion and therefore smaller membrane pore sizes. All
the membrane sublayers had asymmetric structures,
while the membrane with 15 wt.% CA (Fig. 2(a))
showed a channel-like structure, those with higher
CA concentrations (18 and 20 wt.%, Fig. 2(b) and
(c)) exhibited finger-like and tear-like structures with
smaller voids and a larger portion of sponge-like tex-
ture. Similar results were observed by Stropnik et al.,
Barth et al. and Barzin et al. for polyamide, polysul-
fone and poly (ether sulfone) flat-sheet membranes
[30–32].
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3.3. Membrane performance

3.3.1. Substrate membrane

The membrane performance data at different CA
concentrations are reported in Table 1. When CA
concentration is increased, water flux and water
permeability are decreased. These results might be
expected based on the SEM images, as the 15 wt.%
CA membrane has channel-like structures with larger
and more frequent pores, while the 20 wt.% CA mem-
brane has fewer and smaller finger-like voids and a
more evenly distributed sponge-like structure (com-
pare Fig. 2(b) and (c)). Table 1 also shows that the flux
increases for higher operating pressure.

3.3.2. CS/CA composite membrane

The substrate membrane with 15% CA was chosen
as the support layer of the composite membrane.
Although this membrane is very porous it has a
sponge-like layer at the top and has sufficiently high
mechanical stability to support the composite mem-
brane. Further, its large pores allow the highest water
flux among the substrate membranes.

The membrane performance is reported in Table 2.
The substrate layer retention is about 18.5%, while for
the composite membrane with 100 ppm initial CS con-
centration, it is 81.03%. The contact angles of CA and
CS/CA are 61˚ and 48˚, respectively. The water flux in
the composite layer was much lower than that of the
substrate layer due to the upper CS dense layer. Boricha
and Murthy [17] prepared an N,O carboxymethyl CS

(NOCC)/CA blend NF membrane for wastewater
treatment. They reported that composite membrane
copper ion rejection and water flux were 72.6% and
70 Lm−2 h−1, respectively. Musale and Kumar [21] pre-
pared CS/ polyacrylonitrile composite NF membrane
with 6.3 Lm−2 h−1 flux and 87.7% rejection. Huang et al.
[33] fabricated quaternized CS/ polyacrylonitrile com-
posite NF membrane with 6.8 Lm−2 h−1 flux and 43.7%
rejection. N,O carboxymethyl CS (NOCC)/polysulfone
NF membrane which was prepared by Miao et al. [34],
has 4.7 Lm−2 h−1 flux and 28.2% rejection. Balanya et al.
[35] tested flat NF membranes made by Koch (SelRO®

MPF-36) and a ceramic membrane made by Tami
(CERAM INSIDE®) for copper ion rejection. They found
out that copper ion rejections were 40 and 84%
for MPF-36 at an operating pressure of 9 bar and
CERAM membrane at an operating pressure of 14 bar,
respectively.

3.4.Thermal analysis

Fig. 3 shows DSC thermogram curves for CS, CA,
and CS/CA composite membranes. All three curves
share a broad endothermic event between ambient
temperature and 100˚C. This event is attributed to
water desorption from the membrane structures. The
thermogram for the CS membrane has a sharp
exothermic peak at 268˚C due to CS decomposition.
The endothermic peak at 100˚C indicates the presence
of water in the film [36,37].

The DSC thermogram for the CA membrane has
an exothermic peak at 202˚C due to CA crystallization,

Fig. 1. ATR spectrum of CA and CS/CA membranes.
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and an endothermic peak at 229˚C due to the melting
of sample. The exothermic peak at around 274˚C can
be attributed to the thermal decomposition of the
membrane [38,39].

The DSC thermogram for the CS/CA composite
membrane shows that a peak at 205˚C due to CA crys-
tallization, and one at 269˚C due to CS degradation.
Thus, the DSC analysis confirms the existence of a CS
layer on the CA sublayer.

The TGA curve for the CS membrane (Fig. 4)
shows that the first weight loss of 11.7%, due to water
vaporization, occurred above 100˚C. The second loss
corresponding to CS decomposition began at 181.8˚C
[40]. Ash percent in the CS membrane was about
29.8%. The TGA curve for the CA membrane shows
about 2% water loss and CA decomposition starting at
264˚C [38,39]. Finally, in this TGA curve is the car-
bonization of the degraded products to ash (12.45%).
In the CS/CA composite membrane, water loss was
about 8%, and membrane degradation started at
207.5˚C due to the presence of CS. Final ash percent is
about 20%. Like the DSC analysis, these TGA curves

Fig. 2. CA sublayer with (a) 15%, (b) 18%, and (c) 20% CA.

Table 1
Substrate membrane water flux

CA concentration (wt.%)

Water flux (Lm2 h−1)

2 atm 3 atm 5 atm

15 309.2 422.6 591.3
18 186.3 254.9 375.7
20 91.5 145.1 237.8

Table 2
Composite and substrate membrane performance

Initial copper
concentration (mg L−1) 50 100

Substrate layer Flux (Lm2 h−1) – 591.3
Retention (%) – 18.50

Composite
membrane

Flux (Lm2 h−1) 4.37 4.37
Retention (%) 80.49 81.03
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confirm the presence of a CS layer in the composite
membrane.

3.5. MWCO of the CS/CA composite NF membrane

To determine MWCO, a set of reference solutes in
the molecular weight range of 200–1,500 Da (PEGs
200, 400, 600, 1,000, and 1,500 Da) was chosen and
separation experiments were conducted at a concen-
tration of 1,000 mg L−1. MWCO is defined as the
molecular weight of organic solutes with retention of
90%. Fig. 5 plots the rejection of solutes vs. their
molecular weight for the CS/CA membrane. The
MWCO of this membrane was determined by inter-
polation to be approximately 830.74 Da, which is in
the NF range.

3.6. Mean pore size and pore size distribution

Solute diameter was obtained by Eq. (3) from the
molecular weight of PEG.

a ¼ 16:73� 10�10 �M0:557 (3)

where a (cm) is solute diameter and M is the molecu-
lar weight of PEG (Da). When solute separation is
plotted vs. solute diameter on a log–normal probabil-
ity paper, a straight line is yielded as reported [41].
From this log–normal plot (Fig. 6), mean solute size
can be calculated as solute diameter corresponding to
retention of 50%. The mean pore size of the composite
membrane is 0.78 nm, which is in the range of NF
membranes.

4. Conclusions

CS and CA are hydrophilic materials that can be
used to create a structurally stable composite mem-
brane that withstand lengthily experimental condi-
tions. By increasing CA concentration, finger-like
structures appeared instead of channel-like configura-
tions. It is due to a slow exchange rate between sol-
vent and non-solvent, resulting in an increase in the
viscosity of the polymer solution. A CA membrane
with 15% polymer concentration had the highest water
permeability and selected as the substrate for a com-
posite membrane. DSC and TGA analysis confirmed
the composite membrane formation. The CS/CA com-
posite membrane had 81.03% retention for copper
ions. The MWCO of the resultant membrane was
830.74 Da (in the NF range), and the mean pore size
was 0.78 nm.
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