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CELLULOSE ACETATE BUTYRATE
GRAPHENE OXIDE NANOCOMPOSITE
MEMBRANE: FABRICATION,
CHARACTERIZATION AND PERFORMANCE

Article Highlights

o CAB/GO membrane exhibited improved properties and performance

e The results revealed an improvement of 450% in water flux

o Improved rejection of 144 and 93% for NaCl and Na,SQO,, respectively
¢ Higher performance stability, thermal and antifouling properties

Abstract

In this studly, the effects of graphene oxide (GO) nanosheets on the physico-
chemical properties and performances of cellulose acetate butyrate (CAB)
membranes were investigated. Nanocomposite membranes were fabricated
using CAB and a small amount of GO in the range of 0 to 0.07 wt. %, using a
conventional phase-inversion method. Membranes were characterized by dif-
ferent methods and their performances were tested using a dead-end filtration
system. Compared with pristine CAB membrane, experimental results demon-
strated an improvement in features such as hydrophilicity, permeability, salt
refection, antifouling, and stability. The results proved an increase in the poro-
sity and pore sizes of membranes with GO addition. Furthermore, the mem-
brane containing 0.07 wt.% of GO exhibited a low contact angle of 37° and a
dramatic improvement in water flux of about 450% (from 2 to 11 L/nT h)).
Moreover, it demonstrated a salt rejection of 39% for NaCl and 87% for
NasSO,, corresponding to improvements of about 144 and 93%, respectively.
Furthermore, the results revealed a higher antifouling property with an 86%
improvement in flux recovery and higher stability in terms of performance and
thermal properties compared to CAB.

Keywords: cellulose acetate butyrate, graphene oxide, nanocomposite,
membrane, salt refection.

Although synthetic polymer-based membranes
are broadly used and have a huge market, complicat-
ions associated with highly hydrophobic polymer
backbones make them vulnerable to fouling [1]. In
order to overcome this disadvantage, several
methods have been employed to enhance fouling
resistance, mostly by increasing the hydrophilicity [2-
-5]. Among these methods is the incorporation of dif-

Correspondence: M.M. Alghamdi, King Khalid University, Col-
lege of Science, Department of Chemistry, P.O. Box 9004,
Abha 61413, Saudi Arabia.

E-mail: mmalghamdi@kku.edu.sa

Paper received: 28 January, 2020

Paper revised: 28 May, 2020

Paper accepted: 19 June, 2020

https://doi.org/10.2298/CICEQ200128022A

ferent types of nanoparticles into membranes [6-10].
From this point of view, materials such as cellulose
esters are known for their outstanding hydrophilicity
and low fouling tendency in addition to their significant
roles in industry and pharmaceutical technologies
[11,12]. Consequently, they can be considered as
promising in membrane technology. They also offer
the benefit of biocompatibility and have a relatively
low cost. However, the lack of reactive functional
groups on the polymer chains limits their applications.

In order to enhance their properties, hydroxyl
groups of cellulose can be chemically modified to
form materials of different physical and chemical pro-
perties that could be appropriate for diverse applic-
ations [13]. To further enhance membrane perform-
ance, polymer blending is also one of the effective
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methods that has provided a desirable way to fulfill
the expectation of new polymeric materials properties.
For example, the cellulose acetate (CA) membrane
has often been modified by blending with other mat-
erials, such as hydrous manganese dioxide nanopar-
ticles, GO and molybdenum disulfide to gain imp-
roved performance, such as higher flux and better
selectivity [14,15]. Likewise, the blending of carboxy-
methyl cellulose acetate and CA also resulted in
membranes with enhanced contact angles, morpho-
logy, permeability, and antifouling properties [16].

Nowadays, among the nanomaterials that have
been incorporated into membranes is graphene oxide
(GO). Due to its rich oxygen-containing hydrophilic
functional groups, unique two-dimensional structure,
large specific surface area, and good mechanical pro-
perties [17,18], this material has attracted consider-
able interest and has been exploited for various mem-
brane applications. In fact, the incorporation of GO
has proven to enhance membrane performance in
terms of permeate flux, salt rejection, fouling pro-
perties, hydrophilicity and surface charges of mem-
branes [19-23]. For example, improved hydrophilicity,
permeability, and antifouling performances were obs-
erved by incorporating GO and PVDF [24]. Moreover,
the work of Zinadini ef al. also revealed a significant
improvement in PES membrane fouling resistance
and surface hydrophilicity by blending with GO [25].
Likewise, incorporation of GO has also resulted in
improved PSF membrane performance [26]. In parti-
cular, the incorporation of GO within CA has been
widely investigated and demonstrated outstanding
properties. For example, incorporating GO and CA
has been investigated recently and it has resulted in
increased salt rejection, improved mechanical strength
and thermal stability [27,28].

Nevertheless, there have been few reports on
cellulose acetate butyrate (CAB)-based membrane
applications. This might be due to CAB’s low perme-
ability and the fact that it is more hydrophobic than
CA. In fact, CAB has a composition of butyryl and
acetyl functional groups that can effectively develop
the properties of the cellulose [29-32]. In addition,
CAB matches the CA membrane in many charac-
teristics but has additional features such as being
tougher than CA, having great film formation, and
demonstrating good solubility in organic solvents.
However, in order to compete with other membranes,
further modification of the CAB-based membrane is
still required.

Based on these considerations and in addition
to the fact that the CAB/GO composite membrane has
not been investigated previously, this study was car-
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ried out to examine the influence of GO nanosheets
on the CAB membrane’s characteristics and perform-
ance and to address the feasibility of the nanocom-
posite membrane for application in salt separation. It
is proposed that the use of GO could further facilitate
interactions with polymers and salts and hence inc-
rease membrane stability and salt rejection during
filtration [33]. Also, the use of GO could provide dif-
fusion pathways for water transportation and thereby
increase the overall flux rate during filtration; this is in
addition to its effects on membrane reinforcement,
fouling resistance, and antibacterial activity [34].

EXPERIMENTAL

Materials

Cellulose acetate butyrate (CAB), with an aver-
age molecular weight of 30000 Da and 49% butyryl,
was obtained from Sigma-Aldrich and used as rec-
eived without further purification. Polyvinylpyrrolidone
(PVP) powder (MW = 25,000 g/mol), NaCl and
Na,SO, were purchased from Sigma-Aldrich. N,A-di-
methylformamide (DMF) with 99.5% purity was sup-
plied by Acros Organics. Graphene oxide (GO) nano-
sheets (flakes) with carbon content of 42-52% were
purchased from Sigma-Aldrich and employed as
inorganic nano-modifiers.

Fabrication of nanocomposite membrane

The nanocomposite membranes were fabricated
by the casting-solution and the phase-inversion
methods. The preparation was performed in a glass
reactor by dissolving a fixed amount of CAB (20 wt.%)
and PVP (1 wt.%) in DMF and stirring the polymeric
solution for more than 1 h via a mechanical stirrer
until complete dissolution (solution A). GO/formamide
solution was prepared by dispersion of GO powders
in formamide (30 wt.%) with different concentrations,
and the solutions were sonicated for 1 h until forming
homogeneous GO/formamide suspensions (solution
B). The membrane casting-solutions with varied GO
concentrations were prepared by mixing solution A
with solution B as presented in Table 1. For better dis-
persion of GO, the casting-solutions were sonicated
for 30 min via an ultrasonic bath. Next, the prepared
homogeneous casting-solutions were casted onto
glass plates by means of a casting knife with a cons-
tant thickness of 0.3 mm. Subsequently, the mem-
branes were immersed into deionized water immedi-
ately without prior evaporation time. After the
exchanging process of solvent and non-solvent, the
membranes were reserved in a container filled with
deionized water for 24 h to remove any soluble com-
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ponents in the membrane structure. Afterward, the
membranes were dried between two filter paper
sheets at room temperature (2512 °C) for 24 h.

Table 1. Composition of the prepared casting-solutions used
for membranes fabrication; CAB wt. %.: 20.00, PVP wt. %: 1.00

Membrane GO wt. % DMF wt. %
1 0 79.00
2 0.01 78.99
3 0.04 78.96
4 0.07 78.93

Membrane characterization

The hydrophilicity of membranes was studied
via the water contact angle analysis using deionized
water. Field emission scanning electron microscopy
(SEM) was used for analyzing the surface morpho-
logy. Images were obtained using a Jeol Model 6360
LV SEM (USA). Fourier transform infrared (FTIR)
spectra for the prepared membranes were obtained
using Nicolet 6700 FT-IR from Thermo Scientific. The
spectra of the samples were analyzed in the infrared
(IR) region between 4000 and 400 cm™.

Membrane porosity was measured using the
volume fraction process. In this process, the prepared
membranes were soaked in deionized water for at
least 24 h. The wet membranes were then taken out
and the excess water was softly removed from the
membranes’ surfaces by the aid of tissue paper. After
that, the wet membranes were weighed and then
dried in a vacuum oven at 70 °C for 24 h and weighed
again after drying. The porosity percentage of the
membranes (&) and the water uptake were deter-
mined by employing Egs. (1) and (2), respectively [35]:

w,-W,
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£=100 (1)

p water

Water uptake, % :100%

d
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In these equations, W, and W, (g) are the
weights of the swollen and dry membranes, respect-
ively; puarer (g/cm®) is the water density; A (cm?) is the
membrane area; and / (cm) is the membrane thick-
ness. The membrane surface pore diameter (&) could
be calculated using Eq. (3) [36]:
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where a (m) is the mean pore diameter; Q, (m%s) is
the volume of permeated water per unit time; A (m?) is
the membrane effective area; and /(m) is the mem-

brane thickness. y (Pa s) is the water viscosity at 25
°C; AP (Pa) is the trans-membrane pressure; and ¢ is
the porosity percentage.

Membrane performance

The performance of the prepared membranes
was investigated using a laboratory designed dead-
end filtration system. The salt solutions were pre-
pared separately by dissolving the required amount of
salts (Na,SO, and NaCl) in deionized water. Various
concentrations of salts in the range of 1 to 2 g/L were
prepared. The water flux (J,) was acquired by deter-
mining the amount of water that passed through the
membranes in terms of L/m? h at a fixed pressure of
1.4 bar (20 psi) and calculated using Eq. (4) [37]:

Q

W= AT (4)

In Eq. (4), Q (L), A(m?), and At (h) are expressed as
the volume of permeated water, the membrane area,
and the sampling time, respectively. For salt rejection
percentage calculations, Eq. (5) was employed [37]:

N C
Rejection ,% = 100[1 ——”J (5)
G

where C, and Cyare salt concentrations in permeate
and feed, respectively, which were measured by a
conductivity meter.

With regard to the antifouling study, the mem-
branes were first tested using a pure water flux (J,1).
The membranes then were subjected to the sodium
alginate (SA) solution as a model of an organic foul-
ing material. SA solution with a concentration of 20
mg/L was applied as feed solution until obtaining a
stable flux. After the SA permeation experiment, the
membranes were washed with deionized water and
the second pure water flux (J,.) was then deter-
mined. The flux recovery ratio (FR%) was calculated
using Eq. (6), where the higher value of FR% reflects
good antifouling behavior for the membranes:

J,
FR % = 100[L2J (6)

w,1

RESULTS AND DISCUSSION

Membrane characterization

The FTIR spectra of the CAB, GO and CAB/GO
are presented in Figure 1. The spectrum of GO shows
peaks at 1620, 1738 and 3420 cm™' that could be
assigned to C=C, C=0 and OH bonds, respectively.
The peak at 1050 cm™' may be assigned to the epoxy
group. The spectra were consistent with the literature
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[38,39]. Moreover, the presence of the carboxylic acid
OH can be confirmed by the broad band between
2500 and 3300cm™.
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Figure 1. FTIR spectra of GO, CAB, and CAB/GO
nanocomposite.

In comparison, the FTIR spectrum of CAB
showed a band at 1750 cm™' due to the carbonyl
ester group. The peak at 1246 cm™' could be
assigned to the asymmetric stretching of C-C-O of the
ester group; the band appeared at 1049 cm™' as the
result of asymmetric O-C-C stretching attached to the
carbonyl carbon. The peak at 1375 cm™' was due to
methyl groups in acetate moiety. The absence of
vibrations peaks of GO could be an indication of its
complete incorporation in the polymer matrix due to
its very low content [40]. Also, the overlapping of the
peaks at 3630 and 3410 cm™' may suggest the likely
formation of hydroxyl hydrogen bonding.

With regard to thermal stability, the prepared
CAB and CAB/0.07% GO composite membranes
were studied by analyzing the thermal degradation of
the samples. The results in Figure 2 showed that the
thermal degradation of CAB occurred in three steps.
The first step started between 90 and 200 °C with a
weight loss of 31%, which involves the evaporation of
bound water and the starting of cellulose degradation,
yielding aliphatic char and volatile. The remaining two
steps appeared between 240 and 450 °C with a total
weight loss of 69%. These steps involve the conver-
sion of some aliphatic char to aromatic and gaseous
components [41]. The thermogram of CAB/0.07% GO
shows one major step between 250 to 450 °C with a
total weight loss of 94.5%. This step includes the
evaporation of bonding water and thermal degrad-
ation of the cellulose skeleton. The presence of GO
appeared to enhance thermal property of the CAB
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and delayed the thermal degradation of the cellulosic
materials. This finding could be due to the increased
surface area in the presence of GO, which decreased
the heat release rate and mass loss rate as well. Also,
the GO accumulated on the surface or within the melt
polymer layer, acting as a thermal insulation layer and
delaying the cellulose degradation.
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Figure 2. TGA thermograms of CAB and the prepared CAB/0.07
wt. % GO composite, under N, atmosphere (10 mL/min) at a
heating rate of 10 °C/min.

Furthermore, the effect of GO nanosheets on
the morphological surface characteristics of the mem-
brane samples was studied using SEM (Figure 3).
The SEM micrographs revealed a porous surface
layer with a more sponge-like appearance than those
on the CAB membrane [42]. The SEM results clearly
showed that GO has a significant effect on the mem-
brane. This could be attributed to the influence that
GO, as a hydrophilic material, has on the dynamic
stability of the casting solution and hence the phase-
inversion process [43]. The addition of GO caused a
fast phase separation during the phase-inversion pro-
cess, which can also lead to higher porosity and the
formation of larger pores in the membrane’s surface.
This outcome might be related to GO functional groups,
small amount, and the carbon-based structure of the
CAB polymer and GO. In addition, no agglomeration
of GO nanomaterials was observed. This could be the
result of better dispersion of GO particles due to their
functionality, small amount, and a result of the sonic-
ation process that was used, which was set at 30 min
for verifying optimal dispersion.

The membrane samples hydrophilicity was
measured by determining the contact angle using
water drops on the membrane surfaces. The results in
Table 2 show variations of membrane-water contact
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angles at different concentrations of GO. The mem-
brane water contact angle for CAB was found to be
around 79°, which is consistent with the literature [44].
Furthermore, it was found that the contact angle sig-
nificantly decreased with increasing GO concentrat-
ions, /.e., the contact angle decreased from 79 to 37°.
These results reflect a significant effect of GO on the
hydrophilicity of membrane surfaces, even with a very
small amount, improving the membranes’ hydrophil-
icity with the GO incorporation within the range of 0 to
0.07 wt.%. This finding may be attributed to the hyd-
rophilic nature of GO and the formation of bigger
pores as well.

£\

¢ %
. ”,;.’l
6kU  X10,080 18,34 SE1

Figure 3. SEM images of: A) the pristine CAB; B) CAB/0.07
wt. % GO composite.

Table 2. CAB/GO nanocomposite membranes characterizeat-
fons; membrane thickness: 0.3 mm

GO Contact angle Porosity Mean pore diameter Water uptake

wt. % ° % nm %

0 79 543 134 11.2
0.01 60 65.6 25.2 15.6
0.04 53 76.7 28.3 185
0.07 37 84.6 32.1 22.6
0.10 47 71.7 23.12 16.7

In terms of the membranes’ porosity and mean
pore sizes, it is clear from the results presented in
Table 2 that the porosity and mean pore diameter
effectively increased with increasing GO content
ratios. A small addition of 0.07 wt.% of GO resulted in
a considerable increase of around 55 and 140% in
porosity and mean pore diameter, respectively. For
water uptake percentage, the results also displayed a
significant increase in water uptake with an increasing
GO content ratio. This may be attributed to the GO
inclusion into the membrane surface and within the
membrane body that could lead to an increase in both
the -OH and -COOH hydrogen bonds, effectively
enhancing the hydrophilic property of the membrane
and increasing the water absorption, in agreement
with the contact angle results. To the contrary, the
membrane sample with 0.1 wt.% showed no signific-
ant increase in the porosity.

Though the presence of well-dispersed GO
could obviously improve the morphology, porous
structure and pore size, using larger amounts of GO
could negatively affect the nature and type of the
pores that are formed [43]. With a higher amount of
GO nanomaterials (>0.07 wt.%), the membrane pro-
perties exhibited contradictory effects [26]. This might
be attributed to GO’s ability to migrate through the
membrane layer toward the surface when the phase-
inversion process take place. This could cause sig-
nificant changes in the membrane’s surface pores
and hydrophilicity, decreasing water passage and
adsorption of water on the membrane’s surface [45].

Membrane performance
Water flux

The pure water flux of the prepared nanocom-
posite membranes was investigated. The results are
shown in Figure 4. The results demonstrated an obvi-
ous increase in water flux with GO content, up to 0.07
wt.%. The membrane containing 0.07 wt.% of GO
exhibited a water flux of 7.9 L/(m? h bar), correspond-
ing to an improvement of about 450% in water flux.
This result is comparable to what was obtained for the
carbon nanotube membrane/GO [46] and the result is
higher than what was found for other GO-incorpor-
ated, polymer-based membranes, as shown in Table
3. This finding could be related to the increase in
membrane hydrophilicity, which is known to enhance
the water flux [47], and which is in agreement with
contact angle measurements. Furthermore, the inc-
rease of the water flux is consistent with SEM images
and the obtained increase in porosity and pore size
measurements. This enabled migration of more water
molecules through the membrane layer and it imp-
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roved the water flux [48,49]. It has been reported that
improvements in hydrophilicity significantly enhance
membrane flux as a result of the adsorption of water
molecules on the membrane’s surface through hyd-
rogen bonding and/or electrostatic interactions [50].
The addition effects of GO on porosity and pore size
could further influence membrane permeability.
Nevertheless, any further increase in GO content
could have decreased the water flux, as the high con-
centration of nanoparticles could have caused pore
blocking, which would have hindered the water trans-
fer [51,52]. On the other hand, bad nanoparticle dis-
persion or a nanoparticle agglomeration in the mem-
brane interlayer could also have reduced water flux,
which would have resulted in poor membrane per-
formance [53].

12 T T T T

Water flux, L/m2.h

T T T T
0.00 0.02 0.04 0.06 0.08
GO content, wt.%

Figure 4. Effect of GO content on the water flux, carried out at a
pressure of 1.4 bar.

Salt rejection

The salt rejection efficiency of the prepared
membranes was investigated using NaCl and Na,SO,
solutions. The results (shown in Figure 5) illustrated
an obvious increase in salts rejection with increasing
GO content. The results demonstrated a salt rejection

of 39% for NaCl and 87% for Na,SO, obtained with
0.07 wt.% of GO, which corresponded to improve-
ments of about 144 and 93% in salt rejection, res-
pectively. Comparisons of performance with other
similar GO membranes are shown in Table 3. The
nanocomposite membranes of CAB/0.07 wt.% GO
illustrated comparable ionic rejection results for NaCl
and better results for Na,SO,. These results may be
explained on the basis of the adsorption properties of
the GO nanomaterials, which enhanced the interact-
ions between ions and the membrane matrix, both on
the surface and within the pores. Also, such behavior
might be related to the possible produced surface
charges, which could promote the cation exchange
processes. Although this would appear to oppose the
trade-off effect that existed between the flux and
rejection, a similar observation was reported and
proved by Ganesh et al. [54].
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Figure 5. Effect of GO content on the salt rejection efficiency,
carried out at a pressure of 1.4 bar.

Effect of permeate volume on the salt rejection

The salt rejection efficiency was also studied
against the permeation volume; results are shown in
Figure 6. The results clarified that the composite

Table 3. Comparison of flux and salt refection of different GO-incorporated membranes

Salt rejection (1000 ppm)

Membrane Water flux, L/(m2 h bar) Ref.
NaCl Na,SO,
GO 4.76 59% 95.1% [46]
Carbon nanotube / GO (1:8 mass ratio) 8.02 51.4% 80.0% [46]
PSF / (1000ppm GO) 25 ~43% ~ 65% [54]
PSF / (2000ppm GO) 25 ~58% 72% [54]
CA/(0.005wt.%GO) 0.5 80% (2000ppm) - [43]
PES / (0.1wt.%GO) 3.3 - - [25]
CAB / (0.07wt.%GO) 7.9 39% 87% Present work
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membranes containing GO showed a higher stable
salt rejection with permeate volume, reflecting a
higher stability of nanocomposite membrane than the
pure CAB membrane. This was observed for both
NaCl and Na,SO, solutions. Moreover, the results
showed a slight effect on the stability of the nanocom-
posite membrane with 0.07 wt.% of GO than that of
0.04 wt.% GO. This observation leads to the expect-
ation that increasing GO concentrations of more than
0.07% could provide bad dispersion within the poly-
meric moiety and lead to lowering the membrane
stability. The results obtained regarding this concern
showed that the optimal GO concentration to be used
in the nanocomposite membrane is 0.07 wt.%.
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Figure 6. Effect of permeation volume on the salt rejection
efficiency: A) for NaCl; B) for Na;SO,, using a feed
concentration of 1 g/L.

Effect of feed solution concentration on membrane
performance

The salt rejection and permeation flux levels of
the prepared nanocomposite membranes were also

studied at a range of feed concentrations up to 2 g/L.
As shown in Figure 7, the results revealed that
Na,SO, and NaCl concentrations had a clear effect
on membrane performance. A decrease in both salt
rejection and permeation flux was noted as feed con-
centration increased. In terms of salt rejection per-
formance (Figure 7A), a decrease in salt rejection
efficiency of about 14% for Na,SO, and 20% for NaCl
was attained. This could be attributed to the effect of
the Donnan exclusion of co-ions, which could influ-
ence the diffusion transport of ions through the mem-
brane [55]. In addition, the effect of high concentrat-
ions on the polarization and possible weakening of
electrostatic interaction between the ions in the aque-
ous solution and the charges on the membrane’s sur-
face may consequently lead to an increase in ions
permeation and therefore decrease rejection effici-
ency [56].
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Figure 7. ffect of feed solution concentration of NaCl and
Na,SO, on: A) salt refection efficiency, B) permeation flux rate
employing 0.04 wt. % GO nanocomposite membrane at 2.8 bar.
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Feed concentration had a more significant effect
on permeation flux, with flux reduction of around 49
and 58% for Na,SO, and NaCl solutions, respectively.
These results could be explained as follows: as salt
concentration increases, there are more ions com-
peting to be adsorbed onto the membrane surfaces;
the presence of more ions could decrease pore size
and therefore decrease permeation. This finding
could also be attributed to concentration polarization,
where a denser boundary layer may lead to a dec-
rease in water flux. In addition to the polarization
effect, in a high electrolytic solution, the membrane
material could shrink and pore size could decrease,
causing flux to decrease when feed concentration is
higher [57,58].

Antifouling study

The fouling could be considered as the form-
ation of a gel-like layer on the membrane surface as a
result of adsorption or the deposition of organic mat-
ter within the pores or the surface of the membrane.
The improvement of antifouling behavior of the mem-
brane depends on the membrane’s hydrophilicity,
which could be enhanced by inclusion of hydrophilic
groups like -OH and/or -COOH on the membrane
surface [59,60]. The CAB/GO composite membranes
were highly hydrophilic when compared with pure
CAB membranes due to the enhanced water affinity
by the presence of GO. The increased water affinity
decreased hydrophobic adsorption/deposition of SA
on the nanocomposite membrane surface or within
the pores. The results presented in Figure 8 represent
the water flux of CAB and CAB/GO composite mem-
branes with different GO content ratios. These results
show a clear improvement in flux recovery ratio with
increasing GO content ratio. This improvement could
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Figure 8. Effect of GO content on the flux recovery ratio of the
nanocomposite membranes.
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be attributed to the enhanced hydrophilicity, sup-
ported by the change in water contact angle (Table 2).
In addition, the presence of GO within the membrane
material could create strong electrostatic forces,
creating an energetic barrier for the adsorption of SA
[61]. Also, the hydroxyl/carboxyl groups of GO could
interact with water molecules via Van der Waals
forces and hydrogen bonding and forming a mole-
cular layer of water on the membrane surface, which
prevents the deposition and/or adsorption of SA [62].
It could be concluded that the presence of GO has an
important role in improving antifouling performance of
the composite membrane with content up to 0.07 wt.%.

CONCLUSIONS

The results of this work demonstrated charac-
terization and application of a new synthesized mem-
brane nanocomposite of CAB/GO. Based on the
results, the nanocomposite membrane proved its sig-
nificance in terms of improvements in flux, salt reject-
ion, fouling resistance, and stability. As compared to
pristine CAB, an increase in the porosity and the pore
sizes of membranes with GO content ratios were
demonstrated. This resulted in a dramatic improve-
ment in water flux of about 450%, along with 144 and
93% for NaCl and Na,SO, rejection, respectively. Fur-
thermore, the results showed high stability of the
nanocomposite membrane toward feed concentration
with the separation and flux rate, in addition to higher
antifouling and thermal stability properties.

Nomenclature

Symbols

£ Membrane porosity

W Weight for swollen membrane
W, Weight for dry membrane

Pw Density of water

r Radius of membrane

Q Volume of permeated water

/ Thickness of membrane

a Mean pore diameter

U Viscosity of water

Qu Volume of permeated water per unit time
A Filtration area

AP Transmembrane pressure

74 Volume of permeate

t Time interval

Cr Concentration of the feed

G Concentration of the permeate
FR%  Flux recovery ratio

Jy Pure water flux

I Pure water flux before fouling
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NANOKOMPOZITNA MEMBRANA NA BAZI CELU-
LOZNOG ACETO-BUTIRATA | GRAFEN-OKSIDA:
IZRADA, KARAKTERIZACIJA | PERFORMANSE

U ovoj radu, istraZivani su efekti nanopropusnih listova grafen oksida (GO) na fizicko-
-hemijska svojstva i performanse membrana na bazi celuloznog aceto-butirata (CAB).
Nanokompozitne membrane su proizvedene koriscenfjem CAB i male kolicine GO u
opsegu 0-0,07% primenom konvencionalne metode fazne inverzije. Membrane su oka-
rakterisane razlicitim metodama, a njihove performanse su testirane pomocu sistema za
filtraciju sa proticanfem normalno na membranu. U poredenju sa tradicionalnom CAB
membranom, eksperimentalni rezultati su pokazali poboljSanje karakteristika, kao sto su
hidrofilnost, propustijivost, izdvajanje soli, protiv-obrastanje i stabilnost. Rezultati su
dokazali povecanje poroznosti i velicine pora membrana uz dodatak GO. Dalje, mem-
brana kofa sadrzi 0,07% GO pokazala je nizak kontakini ugao od 37° i dramaticno
poboljsanje vodenog fluksa od oko 450% (od 2 do 11 L/Anf/h)). Stavise, pokazalo je
izbacivanje soli od 39% za NaCl i 87% za Na»SO,, Sto odgovara poboljsanjima od oko
144, odnosno 93%. Dalje, rezultati su pokazali vece svojstvo protiv-obrastanja sa 86%
poboljsanjem fluksa i vecom stabilnoScu u pogledu performansi i termickih svojstava u
poredenju sa CAB.

Kljucne reci: celulozni acetate-butirat, grafen-oksid, nanokompozit, membrana,
izavajanje sol.
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