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INTRODUCTION

A membrane is a thin lining material which can selectively
transport the mass of a component as a result of thrust force
and the chemical and physical properties between the memb-
rane and permeated compound [1]. Membranes are often used
for purification, in processes such as haemodialysis [2], biodiesel
purification [3] and waste water purification [4]. Compared
with other waste-water treatment methods such as adsorption
and coagulation, a membrane is effective because it saves time,
is continuous and conserves energy [5]. However, this method
has some drawbacks, one of which is fouling [6,7]. Some
studies have been conducted into ways to prevent fouling in
membrane-based filtration processes, including research into
bioreactor membranes in which microorganisms act to degrade
contaminants, thus minimizing fouling in the filtration process
and improving the efficiency of the membranes used [8]. Some
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studies have also used photocatalysis to solve the fouling issue
[9].

Recently, research into membrane synthesis from natural
polymers has been carried out, looking at, for example, memb-
ranes made from cellulose [10], poly-eugenol [11] and chitosan
[12,13]. Chitosan is one of the natural polymers which is often
used to create membranes, because it is proven to be a good
adsorbent of metal compounds [14] and dyes [15,16]. Chitosan
is a natural polymer created through the deacetylation of chitin,
usually sourced from shrimp or crab skin [17]. Liu et al. [18]
used chitosan membrane cross-linked with tri-polyphosphates
to remove humic acid from water, resulting in polyelectrolyte
complex (PEC) CTP membrane which can serve as a good
adsorbent.

There has been recent rapid development of inorganic
nanoparticles for environmental applications [19]. Inorganic
nanoparticles have the potential for degrading pollutants by



oxidizing or reducing them [20]. Nano-sized inorganic oxides
can be more reactive than at normal size [21]. The present
study modified complex polyelectrolyte membranes with
nanoparticles to reduce fouling effects in the membrane. The
impregnation of nanoparticles into a membrane is expected to
degrade pollutants trapped on the membrane surface, thus
preventing fouling [22-25].

The pollutant used to test membrane performance in this
study was methylene blue dye. It has high solubility in water
and so in the attachment process a large amount of dye is lost
with waste water [26].

This paper presents the results of the characterization of
the performance testing on methylene blue solution of complex
polyelectrolyte membrane made of CTP combined with zinc
oxide nanoparticles. One of the weaknesses of chitosan
membrane is its instability in acidic pH. To improve the stability
of chitosan membrane, one possible method is cross-linking
it with another substance. In this study, chitosan was cross-
linked with tri-polyphosphate as a complex polyelectrolyte
membrane [27]. Zinc oxide nanoparticles, which have the
potential to degrade pollutants, were impregnated into the
membrane to improve its antifouling properties [28].

EXPERIMENTAL

The materials used in this study were industrial-grade
chitosan (with 85.87 % deacetylation degree) purchased from
CV. ChiMultiguna. Sodium tripolyphosphate, acetic acid, zinc
oxide nanoparticles < 50 nm size (BET) were purchased from
Sigma Aldrich and Merck.

The instruments used in this study were a Teflon memb-
rane mould with a 10 cm diameter, a set of membrane perfor-
mance test equipment, SEM-EDX (JSM-6360L) test equip-
ment, FTIR (Shimadzu FT-IR 8201PC) test equipment and
pore size analysis by BET (N2 adsorption at 77.35 K) equipment.

Synthesis of chitosan membrane: Chitosan was dissolved
in 2 % acetic acid at a ratio of 1:50. This chitosan solution was
then stirred for 3 h while heating at 60 °C. After the chitosan
was fully dissolved, 50 mL of the solution was moulded in a
Teflon mould and oven-dried at 60 °C. Once dry, the membrane
was removed from the mould and characterized.

Synthesis of chitosan tri-polyphosphate membrane:
Chitosan was dissolved in 2 % acetic acid at a ratio of 1:50
and then heated for 3 h at 60 °C. Once it was homogenous,
sodium tri-polyphosphate was added at 0.5 %, 1 % and 1.5 %
concentration variations (each at pH 4) until a clear suspension
was formed. Then 50 mL of solution was moulded using a
Teflon mould and oven-dried at 60 °C. The formed membrane
was then removed from the mould and characterized.

Synthesis of chitosan-sodium tri-polyphosphate (TPP)-
zinc oxide nanoparticle (CTP-zinc oxide) membrane:
Chitosan was dissolved in 2 % acetic acid with a ratio of 1:50,
then stirred and heated at 60 °C. After the chitosan solution
was homogenous, it was mixed with zinc oxide nanoparticles.
The ratios of chitosan by weight to zinc oxide nanoparticles
by weight were 2:1, 4:1 and 8:1 respectively. The solution
was stirred at 1,300 rpm for 30 min. Once it was homogenous,
TPP solution (pH 4) was added until a clear suspension was

formed. 50 mL of the resulting solutions were taken to be
moulded in Teflon moulds and oven-dried at 60 °C.

Application and performance test: Application and
performance testing was performed to determine the effect of
application time on flux value. Flux recovery ratio (FRR) was
also calculated to determine the antifouling properties of the
membranes. Flux recovery ratio value was calculated by the
formula [29]:

w2

w1

J
Flux recovery ratio (%) 100

J
= ×

where Jw1 is the flux value of the membrane when passed by
the target compound and Jw2 is flux value after backwashing
of the membrane by demineralized water.

Membrane characterization: Characterization of the
CTP and CTP-zinc oxide membranes was performed. The
characterization methods used were scanning electron micro-
scope with energy dispersive X-ray spectroscopy (SEM-EDX),
surface analysis by BET and water contact angle measurement.
Characterization of zinc oxide nanoparticles was performed
by particle size analyser.

Analysis of target compound: The target compound used
as artificial ‘waste’ in this study was methylene blue pigment.
Analysis of methylene blue was performed by spectrophoto-
meter UV-visible of wavelength [30].

RESULTS AND DISCUSSION

Preparation and characterization of chitosan-TPP
(CTP) membrane: Preparation of chitosan-TPP membrane
was performed by the mixing and evaporation method. The
dominant polymer solution, which was chitosan in acetic acid,
was added with sodium tri-polyphosphate (TPP) with 0.5, 1.0
and 1.5 % concentration variations at pH 5.

The characterization results by FTIR described that the
peak of chitosan at 3448.58 cm-1 wavenumber showed hydro-
xide bond vibration. The peaks at 1635.64 cm-1 and 1558.48
cm-1 wavenumbers showed P=O stretching in the P-OH bond
and -NH3

+. The more percentage of TPP, the sharper the peak
at 1635.64 cm-1 wavenumber. Meanwhile, the peak at 1265.30
cm-1 wavenumber showed a P=O bond in phosphate (Fig. 1).
In acidic pH, chitosan was in cations form, so it had an NH3

+

group which could bind with anion TPP [31]. Fig. 2 is an
illustration of the bond between chitosan and TPP [32].

The results of SEM characterization in the chitosan
membranes cross-linked with TPP are shown in Fig. 3. It can
be seen from Fig. 3 that the 1.5 % CTP membrane shows pore
strain. However, the surfaces of the 0.5 % CTP and the 1 %
CTP appear tight and there was no difference between and the
chitosan membrane without TPP.

Preparation of CTP-zinc oxide membrane: The chitosan
membrane which was cross-linked with TPP was impregnated
with zinc oxide nanoparticles. The mixing of chitosan-TPP
with zinc oxide was performed at 1,300 rpm until homogenous.
It was dried at 60 °C until a CTP-zinc oxide membrane film
was formed. Characterization was performed by SEM-EDS
analyses. The results of SEM-EDS characterization of CTP-
zinc oxide membranes are shown in Figs. 4 and 5.
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Fig. 1. Infrared spectrum of chitosan (A), 0.5 % chitosan-TPP (B), 1 %
chitosan-TPP (C), 1.5 % chitosan-TPP (D) membranes
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Fig. 2. Structure of cross-linking between chitosan and TPP

The result of SEM characterization shows that the more
the mass of zinc oxide nanoparticles impregnated into the
membrane, the rougher the membrane surface. The SEM

pictures of cross section membrane describe that some of
nanoparticles are trapped insert of the membrane and more of
them are accumulated in membrane surface. Meanwhile, the
EDS spectra show the percentage of zinc oxide nanoparticles
distribution in membranes with 1:8 ratio was 5.39 %; 1:4 ratio
was 6.45 % and 1:2 ratio was 32.08 %. The percentage of zinc
oxide nanoparticle distribution affected the morphological
structure of the membranes and the involvement of zinc oxide
nanoparticles in the compound adsorption process in the memb-
rane. From the SEM-EDS characterization, the molecule struc-
ture of the CTP-zinc oxide nanoparticles is predicted in Fig. 6.

BET analysis: This analysis determines total pore volume,
surface area and average pore size of the membranes, based
on membrane adsorption of nitrogen at 77.35 K. Table-1
presents membrane comparison based on these measurements.

TABLE-1 
PHYSICO-CHEMICAL DATA OF CHITOSAN/TRI-

POLYPHOSPHATE AND CHITOSAN/TRI-POLYPHOSPHATE 
MEMBRANE IMPREGNATED WITH ZINC  

OXIDE NANOPARTICLES 

Membrane 
Total pore 

volume 
(10–2 cc/g) 

Average 
pore 

radius 
(101 Å) 

BET 
surface 

area 
(m2/g) 

Water 
contact 

angle (°) 

Chitosan 2.341 4.128 11.340 46 

CTP 0,5 % 2.717 3.568 15.225 48 

CTP 1 % 2.163 4.259 10.159 50 

CTP 1,5 % 2.221 4.436 10.014 54 

CTP-zinc oxide (8:1) 1.956 4.671 8.375 64 

CTP-zinc oxide (4:1) 2.037 5.039 8.085 66 

CTP-zinc oxide (2:1) 2.347 4.683 10.021 66 

 
Table-1 described the comparison of total pore volume,

average pore radius and BET surface area of the membranes.
The zinc oxide addition influence the pore radius of CTP
membranes. The maximum pore radius of the membrane was
in CTP-zinc oxide (4:1) membranes. However, BET analysis
showed that it does not influential on total pore volume and
surface area.

Fig 3. SEM characterization: top view (A1) and cross section view (A2) of chitosan membrane; top view (B1) and cross section view (B2)
of 0.5 % chitosan-TPP membrane; top view (C1) and cross section view (C2) of 1 % chitosan-TPP membrane; top view (D1) and cross
section view (D2) of 1.5 % chitosan-TPP membrane
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Fig. 4. SEM characterization results of CTP-zinc oxide 1:8 cross section membrane at 50x magnification (A1) and membrane surface 50x
magnification (A2); CTP-zinc oxide 1:4 cross section membrane with 50x magnification (B1) and membrane surface 50x magnification
(B2); CTP-zinc oxide 1:2 cross section membrane with 50x magnification (C1) and membrane surface 50x magnification (C2)
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Fig. 5. EDS spectra of CTP-zinc oxide 1:8 (a), 1:4 (b) and 1:2 (c) membranes
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Fig. 6. Prediction of CTP-zinc oxide molecule structure
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Water contact angle:The measurement of water contact
angle was performed by measuring the angle of water contact
with the membranes. This measurement aims to evaluate the
hydrophilicity of the membrane surface [33]. Table-1 and Fig.
7 present the results of the water contact angle measurements.
The angle between a drop of water and the membrane surface
were measured and the angle values shown in Table-1.
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Fig. 7. Water contact angles of the membranes

The chart above shows that the membranes have hydro-
philic properties and they are decreasing while the additions
of tri-polyphosphate and zinc oxide nanoparticles. The inter-
molecular bonding between membrane and water was conduc-
ted by van der Waals force. The presence of tri-polyphosphate
and zinc oxide nanoparticles may inhibit the adsorption of
water since they could obstruct the hydroxyl and amine
functional group of membrane.

Application and permeation test of CTP and CTP-zinc
oxide membranes: Membrane application was demonstrated
using the methylene blue dye. Methylene blue solution with a
4 ppm concentration was passed through the membranes using
membrane performance test equipment. A schematic diagram
of the equipment is shown in Fig. 8.

Feed

P

Membrane

Recycle

Permeat

Fig. 8. Schematic diagram of membrane performance test equipment

Transport membranes take place in reverse osmosis (RO).
Feed solution were pumped through the membrane and the
pressure was controlled by valve in 10 bar. The filtration was
varied by measurement time. The water of methylene blue
solution were diffused through the membrane since the CTP
membranes are hydrophilic and methylene blue molecules
were trapped in the membrane surface. Permeate flux was
measured in 1, 2, 3, 4 and 5 h. The time variable was chosen
in order to evaluate the stability of flux permeate of the memb-
rane transport. Performance test produced graphs of percentage
of permeated flux with time and antifouling performance
shown by flux recovery ratio (FRR) value [34]. The graph of
the effect of time on flux is shown in Fig. 9.
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Fig. 9. Graph of the relationship between permeated flux and time

Fig. 9 showed reduced flux with time. There was signi-
ficant flux reduction in the 0.5 % CTP membrane. Meanwhile,
the most stable flux was found in CTP-zinc oxide (2:1) memb-
rane. The flux decrease since the first minute of transport, this
indicate that the fouling of methylene blue has appeared in
the surface of membrane. Determination of antifouling perfor-
mance in the membranes was performed by calculating FRR
value, by comparing the value of permeated flux of the memb-
ranes after backwashing using distilled water and comparing
this with the flux value before backwashing.

Fig. 10 describes that the addition of zinc oxide nanopar-
ticles showed increased FRR values. Flux recovery ratio values
(Table-2) show the antifouling performance of membrane. The
higher FRR value, the higher the antifouling potential of the
membrane. Zinc oxide nanoparticles were predicted to have
capability degrading dye compound such as methylene blue
in membrane surface. Zhang et al. [35] reported that the inter-
action of methylene blue and zinc oxide nanoparticles mainly
considered as the ionic bonding between the positively charged
of ZnO (Zn(OH)+) and negatively charged of methylene blue
(-SO3

–).

Flux recovery ratio (FRR)
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CTP-ZnO (8:1)

CTP 1.5
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94.58333333

89.33333333

88.88888889

76.42857143

74.5
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Fig. 10. Flux recovery ratio values of the membranes

TABLE-2 
FLUX RECOVERY RATIO (FRR) VALUES 

Sample FRR (L.m-2h-1) 
Chitosan 74.375 ± 0.04 
CTP 0,5 74.500 ± 0.02 
CTP 1.0 76.426 ± 0.03 
CTP 1,5 88.889 ± 0.02 

CTP-ZnO (8:1) 89.333 ± 0.03 
CTP-ZnO (4:1) 94.583 ± 0.02 
CTP-ZnO (2:1) 95.769 ± 0.04 
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Conclusion

From the results, some points have been considered as
conclusions; (1) the cross-linking between the membrane with
TPP can influence the membrane surface, the pore radius
increase by the addition of TPP and it had been analyzed by
BET; (2) zinc oxide nanoparticles impregnation can affect
membrane morphology, making the surface rougher; (3) the
nanoparticles also affect the hydrophilicity of the membrane
surface, the more zinc oxide nanoparticles were added, the
less hydrophilic properties that membranes have; (4) the per-
formance test using methylene blue showed that the addition
of zinc oxide nanoparticles in CTP membrane is proven to
improve antifouling performance in the membrane as shown
by increased flux recovery ratio value.
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