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The chitosan/organo-montmorillonite (Ch/O-MMT) membrane was fabricated and tested. Surface
modification of O-MMT particles using 3-glicydoxy propyl trimethoxysilane (GPTMS) to enhance its
compatibility with chitosan is presented. The resulting composite membrane was characterized by
using SEM, AFM, and FTIR to observe the morphological and functional group structure. The
crystallinity, thermal stability, and mechanical strength was analyzed by XRD, TGA, and tensile test.
The results suggested that the modification of MMT using GPTMS could increase the compatibility of
O-MMT with chitosan membrane, thus producing a good composite membrane with well-dispersed
MMT filler within the chitosan polymer matrices. Based on the FTIR analysis, the presence of GPTMS
could improve the interaction between chitosan and O-MMT material, thus forming more hydrogen
bonding with chitosan membrane than Ch/MMT membrane. The TGA curve analysis showed that the
addition of inorganic filler into chitosan organic matrices was able to increase the thermal stability of
Ch/MMT and Ch/O-MMT composite membrane, suggested to mechanical strength analysis. The
improvement in thermal stability was due to the absence of hydrogen bonding formations between
chitosan polymer and O-MMT filler. In addition, greater hydrogen bonding formation would lead to the
tighter packing of Ch/O-MMT composite membrane, resulting in higher bonding strength and higher
thermal resistance. All of the characterization results confirmed that the Ch/O-MMT composite
membrane has better physicochemical properties than Ch/MMT composite membrane.
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INTRODUCTION

Chitosan is the second most abundant polysaccharide in the world
after cellulose. Although chitosan is not directly available in nature, it
can be easily generated through the process of deacetylation of chitin
by a strong alkali or prepared from fungal cell walls via fermentation
technology. In addition, it can be produced by utilizing marine waste
such as shrimp, crab, lobster, and fish shells (Younes et al., 2012). In
the recent years, the comprehensive utilization of chitosan as bio-based
polymer has drawn elevated attention for various functional hybrid
materials with tremendous properties for various applications such as
medicine, pharmaceutical, food industries, waste water treatment, and
energy (Bhattacharyya and Ray 2014; Lewandowska et al., 2014; Y.
Liu, etal., 2013; Olad and Farshi Azhar 2014; El Ichi et al. 2015). This
wide-ranged application of chitosan is owing to its good mechanical
strength, biodegradable, and nontoxic properties (Krishna Rao et al.
2012; Croisier and Jérdme 2013).

It has been reported that the reinforcement of nanomaterial in bio-
polymeric matrices has greatly improved the physicochemical,
mechanical, and thermal stability characteristic of resultants bio-

polymer nanocomposites (Sabaa et al., 2015; Petersson, et al., 2007;
Mohamed et al., 2016). Recently, the incorporation of layered silicates
and montmorillonite (MMT) in chitosan has been extensively studied
(Grigoriadi et al. , 2015; Huang et al., 2015; Hong et al., 2011). The
use of MMT as a filler in biopolymer is interesting due to its
environmental and economic importance. MMT has several advantages
including easy to obtain, has a large specific surface area, chemical
resistance, strong adsorption capability, good cation exchange capacity
and adhesive capability (Luduefia, et al., 2015; Liu, et al., 2008; Zhu et
al., 2015; Liu et al., 2011). Wang and co-workers have prepared
biopolymer/montmorillonite  (CTS/MMT)  nanocomposites  for
adsorption of Congo Red (CR). Compared with pure chitosan, the
CTS/IMMT nanocomposite has well flocculation ability in aqueous
solution, comparative low cost, and relative high adsorption capacity.
Therefore, the nanocomposite can be effectively used as an adsorbent
for the removal of Congo Red from waste waters.

MMT is a type of clay which consists of layers of tetrahedral silica
and octahedral alumina. This material has parallel layers’ structure in
interrelated form by electrostatic force between layers. The presence of
holes in its lattice structure and hydroxyl groups on its surface gives
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MMT good adsorption characteristics and good compatibility with
organic compounds (Purwanto et al., 2016). MMT as an inorganic
material cannot collaborate perfectly with organic polymer, because the
surface layer of montmorillonite cannot interact maximally with the
organic portion of the polymer. Organophilization process is one of the
promising methods to improve the interaction of MMT in polymer
matrices (Jiratumnukul et al., 2012). Huang and co-workers prepared
carboxymethyl chitosan/organo-MMT with enhanced thermal stability
and antimicrobial activity with complexation with copper ion (Huang
et al., 2015). They prepared organo-MMTs by using three novel
Gemini cationic surfactants (Gemini 12-2-12, 12-3-12, and 18-3-18)
under microwave irradiation (Liu et al. 2011). In addition, Hong Wu et.
al., 2007 successfully improved the interaction of zeolite in chitosan
matrices by introducing the 3-Aminopropyl-triethoxysilane (APTES)
on the surface of the zeolite filler. Wang et al. developed an organic-
inorganic composite using chitosan as the polymer matrix and zeolite
as inorganic filler. Their study indicated that by using (3-
glycidoxypropyl) trimethoxysilane (GPTMS) to modify the zeolite
surface, the new developed composite membrane could achieve denser
and stronger surface morphology. On top of that, the immobilization of
modified MMT using GPTMS within chitosan matrix would possess
superior physicochemical characteristics due to more hydrogen
bonding formation introduced by GPTMS. However, to the best of our
knowledge, there is yet any research attempt on immobilized modified
MMT using GPTMS in chitosan biopolymer matrices. Therefore, it is
crucial to study the feasibility of GPTMS-MMT (O-MMT) as filler in
chitosan biopolymer matrices with enhanced dispersibility and
physicochemical characteristics.

In this study, we prepared chitosan/O-MMT nanocomposite
membrane by utilizing dried shrimp shell powder as chitosan source
and acetic acid as solvent. The organophilization process of MMT
using (3-glycidoxypropyl) trimethoxysilane (GPTMS) would provide
excellent compatibility with chitosan membrane. The morphological
structure was analyzed by SEM and AFM. The functional groups
identification was performed by FTIR. The crystallinity, thermal
stability, and mechanical properties analyses was conducted by XRD,
TGA and tensile test, respectively.

EXPERIMENTAL

Materials

Shrimp shell (Penaeus monodon) was gathered from local fish
market.  Montmorillonite  powder (MMT K-10) and (3-
glycidoxypropyl) trimethoxysilane (GPTMS) were purchased from
Sigma Aldrich. Sodium hydroxide (NaOH), hydrochloric acid (HCI),
methanol, acetic acid, toluene, and ethanol in pure analytical grade were
purchased from Merck.

Preparation of organo-montmorillonite (O-MMT)

Modification process of MMT particles to produce organo-MMT
(O-MMT) was described in details in our previous study (Purwanto et
al. 2016). Briefly, the MMT powder, GPTMS, and toluene were mixed
in a reactor. The reaction was carried out at refluxing temperature of
toluene (110 °C) under constant stirring condition for 24 hours. Then,
the mixture was filtered to retrieve the O-MMT particles. The O-MMT
particles were washed with ethanol three times before soaked in a 0.1
M HCI solution for 24 hours at room temperature. After that, the
particles were washed with distilled water until pH 6-7 was achieved.
Finally, the O-MMT particles were dried in an oven at 100 °C for 4
hours. Figure 1 shows the design of MMT modification process with
reflux system.

Chitosan extraction procedure

The extraction process of chitosan from shrimp shell was conducted
according to the previous study (Trisnawati et al., 2013). The shrimp
shell was dried and crushed into fine powder prior to the extraction
process. The powder was added into 3.5 wt.% NaOH solution and
stirred for 2 hours at 65 °C. Then, the mixture was filtered to retrieve
the precipitate. The precipitate was washed with distilled water until pH
6-7 then dried. The dry powder was added into 1 M HCI solution and
stirred for 30 minutes at 65 °C. After that, the filtered precipitate was

washed and dried. Finally, the precipitate was mixed into 50 wt.%
NaOH solution and stirred for 4 hours at 120 °C, filtered, washed, and
dried to produce chitosan powder.

MMT + silane +
toluene

heating
bath | magnetic
tirrer

Figure 1 Modification process of MMT particles to produce O-MMT
particles.

Pristine chitosan membrane fabrication

The chitosan powder was added into 2 wt.% acetic acid and stirred
at 80 °C for 24 hours before undergo sonication process for 30 minutes
to produced homogenous solution and remove trapped bubbles. After
that, the mixture was cast on a clean glass plate using casting knife and
dried at room temperature for 48 hours. The membrane was peeled from
the glass plate and immersed in 1 M NaOH solution for 15 minutes.
Finally, the resulted pristine chitosan (Ch) membrane was washed with
distilled water several times until pH 6-7 and dried at room temperature.

Chitosan/MMT and Chitosan/O-MMT composite membranes
fabrication

The chitosan powder and MMT particles were added into two
different beakers containing 2 wt.% acetic acid. The solutions were
stirred at 80 °C for 24 hours and followed by sonication for 30 minutes
to produced homogenous solution. Both solutions were mixed together
and stirred for 30 minutes at 80 °C before undergoing degasification
process via sonication for 30 minutes. After that, the mixture was cast
on a clean glass plate using casting knife and dried at room temperature
for 48 hours. The membrane was peeled from the glass plate and
immersed in 1 M NaOH solution for 15 minutes. Finally, the resulted
chitosan/MMT (Ch/MMT) composite membrane was washed with
distilled water several times until pH 6-7 and dried at room temperature.
Similar procedure was used to fabricate chitosan/O-MMT (Ch/O-
MMT) membrane.

Membrane characterization

Fourier Transform Infrared Spectroscopy (FTIR) was conducted
using Nicolet Magna 560 IR Spectrometer. 0.1-0.2 g sample and 0.5-
1.0 g of fine grade KBr was mixed and crushed into powder and pressed
using a hydraulic press to form a pallet. The specimen was examined in
the transmittance mode with wave number range of 4000 to 650 cm™.

The morphology of Ch, Ch/MMT, and Ch/O-MMT membranes
were analyzed using scanning electron microscopy (SEM) Bruker
Analysis. The sample powder was prepared in a pin stub holder and
coated with thin layer of gold before the analysis.

Surface roughness of Ch, Ch/MMT, and Ch/O-MMT membranes
were studied using Atomic Force Microscopy (AFM) XE-100 Park
System.

The crystallinity study was carried out using Philips Analytical
XRD diffractometer with Cu-K a radiation (A = 0.154056 A). The
diffractogram was scanned in the ranges from 5-50°.

Thermogravimetric analysis (TGA) was carried out using a Mettler
Toledo 851e TGA thermogravimetric analyzer. The specimen was
heated from room temperature to 800 °C at 10 °C min~! rate under 30
mL min air flow.

Tensile tests were performed using Toyoseiki VG10E, according to
ASTM D882 device at room temperature at a constant cross-head speed
of 10 mm min~* and 100 N load cell. The samples was dumbbell-shaped
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with gauge dimensions of 15 mm x 3 mm x 0.22 mm. Force (N) and
deformation (mm) where recorded during the test.

RESULTS AND DISCUSSION

Morphological analysis of pure chitosan membrane,
Ch/MMT and Ch/O-MMT composite membrane

The SEM images for Ch, Ch/MMT, and Ch/O-MMT membranes
are presented in Figure 2. Based on Figure 2 (a), the Ch membrane
shows smooth dense structure. On the other hand, after incorporating
the MMT particles in chitosan matrix, the Ch/MMT composite
membrane showed visible particles agglomeration (yellow circle) and
pin hole (red circles) on its surface (Figure 2b). This phenomenon
occurred due to incompatibility between inorganic filler and organic
matrix. The incompatibility between chitosan organic polymer and
MMT inorganic particles caused phase separation in Ch/MMT
composite membrane. Therefore, the MMT particles have the tendency
to accumulate and agglomerate inside the Ch/MMT composite
membrane’s matrix. The similar results have been reported in previous
study (Wang et al. 2010b).

a)

Figure 2 SEM images of Ch (a), Ch/MMT (b), andCh/O-MMT (c)
membranes’ surface. Image (d) showed the cross sectional of Ch/O-
MMT membranes.

Based on Figure 2(c), the morphology of Ch/O-MMT composite
membrane improved and became more homogenous compared to the
Ch/MMT composite membrane. No agglomeration and pin hole can be
seen on the surface of the Ch/O-MMT composite membrane as shown
in Figure 2(c). The cross-section image of the Ch/O-MMT composite
membrane shows that the O-MMT particles is well dispersed in the
chitosan matrix (Figure 2(d)). The SEM images proved that the MMT
modification with GPTMS organic compound could improve the
compatibility and interaction between the chitosan organic polymer and
MMT inorganic particles. The enhanced dispersibility due to the
presence of hydroxyl group of O-MMT has improved the phase
interaction between chitosan and O-MMT. The good interaction
occurred between hydroxyl groups of O-MMT and hydroxyl groups or
amide groups of the chitosan polymer chain. (Purwanto et al. 2016).

Figure 3 shows 2D and 3D AFM images of Ch, Ch/MMT, and
Ch/O-MMT membranes. It was found that incorporation of the MMT
particles increased surface roughness of the Ch/MMT composite
membrane (Figure 3 (b)) compared to the Ch membrane, due to the
incompatibility between montmorillonite as inorganic filler and
chitosan organic material (Figure 3 (a)). On the contrary, the AFM

image of the Ch/O-MMT composite membrane (Figure 3 (c)) shows
smoother surface as compared to the Ch and Ch/MMT membranes.
This result showed that the O-MMT particles can improve the Ch/O-
MMT surface roughness.

U
00
pm

Figure 3 3D and 2D AFM images morphology of Ch (a, d), Ch/MMT (b,
e), and Ch/O-MMT composite membrane (c, f).

FT-IR analysis

Figure 4 shows the FT-IR results of Ch, Ch/MMT, and Ch/O-MMT
membranes. Three peaks at 3350 cm™2, 1650 cm™, and 1560 cm™ were
corresponding to hydroxyl, amide 1, and amide 11 groups, respectively
(Wang et al. 2008). Three peaks at 2930 cm™2, 1390 cmand 1030 cm™
were assigned to —CHz stretching, —CH2 bending, and C-O stretching,
respectively(Wang et al. 2010b). These groups are the main functional
groups for chitosan polymer. The FT-IR spectra of the Ch/MMT and
Ch/O-MMT composite membranes were identical with the Ch
membrane with two distinctive differences. First, the two bands at 1030
cmt and 1010 cm~* were merged and shifted towards 1030 cm™. This
occurrence happened due to the overlapping of Si—O band with the C—
O stretching band (Olad and Farshi Azhar 2014; Wu et al. 2007).
Second, the intensity of the hydroxyl group, amide I, and amide Il bands
for the Ch/MMT and Ch/O-MMT composite membranes were
significantly lower. This phenomenon might be due to formation of
hydrogen bonding between the —OH groups on the MMT and O-MMT
particles with —OH and —NHz groups on the chitosan polymer.

Ch/MMT

Transmittance

3700 3200 2700 2200 1700 1200 70(
Wavenumber (cm-?)

Figure 4 FTIR spectra of Ch, Ch/MMT, and Ch/O-MMT.

The hydrogen bonding formations between chitosan polymer and
MMT and O-MMT particles are illustrated in Figure 4 (b) and (c)
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respectively. Based on the Figure 4 (c), the presence of GPTMS
modifier on the O-MMT surface could increase the —OH group.
Therefore, higher hydrogen bonding can be formed between O-MMT
particles and the chitosan polymer. Hence, the intensity of hydroxyl
group, amide |, and amide I1 for the Ch/O-MMT composite membrane
was lower as compared to that of the Ch/MMT composite membrane.
This result proved that incorporation of the GRTMS modifier on the O-
MMT particle could increase the O-MMT particles compatibility with
the chitosan polymer.

XRD Analysis

Figure 5 shows the XRD spectra of MMT, O-MMT, Ch/MMT, and
Ch/O-MMT. Based on the figure, two intense peaks were observed at
20.9° and 26.8° for both the MMT and O-MMT particles. This
observation indicated that the O-MMT surface modification by
GPTMS did not change the crystalline structure of the MMT and only
modified the MMT surface properties. Interestingly, the corresponding
peak did not change its position but reduced in intensity for O-MMT
sample. Similar observation also has been reported in previous study
(Wang et al. 2010a).

26.8°

20.9°

MMT

Intensity

O-MMT

Ch/MMT

Ch/O-MMT

5 10 15 20 25 30 35 40 45 50
2 theta

Figure 5 XRD patterns of MMT and O-MMT particles, Ch/MMT and
Ch/O-MMT membranes.

In Figure 5, it is apparent that the intensity of the MMT and O-
MMT are reduced significantly after they have been immobilized in
chitosan membrane matrix. The XRD pattern of Ch/MMT and Ch/O-
MMT presented a diffraction peak at 20.9° and 26.8°, but shifted to low
intensity. This is indicative of an intercalated structure where the
polymer chains are incorporated between the silicate layers, increasing
their gallery height but maintaining their layered stacking with
alternating polymer silicate layers (Giannakas et al., 2014). Therefore,
chitosan composite membrane with a significant intercalated structure
have been prepared as a result of the good compatibility of chitosan
with clay especially O-MMT which in good agreement with SEM
analysis. In addition, the immobilization of O-MMT within the chitosan
matrix lead to a decrease of the diffraction peaks intensities and
exhibited a new peak at 22.1° thus demonstrated that a new
intercalation of O-MMT was formed by electrostatic self-assembly. It
is assumed that in Ch/O-MMT composite membrane, a disordered,
intercalated, or exfoliated structure appeared and increased to weaker

electrostatic, ion exchange, and hydrogen bond interactions between
chitosan, MMT, water, and GPTMS (Zhu et al., 2015).

Thermal stability analysis

The TGA analysis was carried out to evaluate the thermal stability
of the Ch, Ch/MMT, and Ch/O-MMT membranes. As shown in Figure
6, all membranes show three stages of weight loss. The first stage that
happened below 175°C which was attributed to the evaporation of
absorbed water (Santos et al., 2015; Lewandowska et al., 2014). The
second stage happened at 175-400°C interval because of the chitosan
polymer chain degradation, and the last stage happened after 400°C due
to the decomposition of residual organic group (Y. Wang et al., 2010a).
The incorporation of GPTMS has improved the interaction of MMT
with chitosan by introducing more functional groups, so increasing of
thermal stability of Ch/O-MMT composite membrane. The greater
hydrogen bond formation was expected in Ch/O-MMT membrane
rather than in Ch/MMT membrane. Consequently, the Ch/O-MMT
membrane becomes tighter and stronger than Ch/MMT membrane, thus
giving the Ch/O-MMT membrane higher thermal stability
characteristics compared to Ch/MMT membrane. These results were in
good agreement with previously reported values for chitosan
composites (Lewandowska et al., 2014), where montmorillonite
without modification, and montmorillonite after surface modification
with octadecylamine were more thermally stable than chitosan as
indicated by appearance of peak at a higher temperature.

120
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Figure 6 TGA curves for pristine Ch, Ch/MMT, and Ch/O-MMT
membranes.

Mechanical properties

The effect of MMT modification by GPTMS on the tensile response
of the composite membrane is depicted in Table 1. The addition of
GPTMS resulted in a direct increasing of the stiffness and the strength
of the Ch/O-MMT. As seen in Table 2, the elongation at break for
Ch/O-MMT increased up to 20.40% which was higher than that of
Ch/MMT (6.48 %) and neat chitosan (3.31%). The Ch/O-MMT
composite membrane presented higher mechanical strength compared
to Ch/MMT-Gly (9.58 %) (Giannakas et al., 2014) and Ch/MMT-PES
(13.70 %) (Zhu et al., 2015). The phenomenon can be explained by the
high amount of electrostatic interactions between the O-MMT and
chitosan. It was assumed that more water and GPTMS were distributed
within the chitosan network of a hydrogen bonding mechanism,
inducing a very obvious plasticization effect. Similar trends have been
reported in the previous study regarding the mechanical properties of
Ch/MMT-Gly composites (Giannakas et al., 2014). They have found
that the addition of glycerol as crossing agent resulted in an increase in
the elongation at break, which was associated with the more
homogenous distribution of water and glycerol across the system,
resulting in better plasticization effect (Giannakas et al., 2014).
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Table 1 Overall characteristics of the Ch and Ch composite membranes.

Membrane  Solvent Structure Elongatio Reference
aqueous/ properties n at
preparing break (%)
system

Ch 2% acetic Homogenous  3.31 In this
acid/1 M symmetric work
NaOH dense

structure

Ch/MMT 2% acetic Dense 6.48 In this
acid/1 M agglomeration work
NaOH structure

Ch/O-MMT 2% acetic Dense 20.40 In this
acid/1 M dispersion work
NaOH structure

Ch/MMT- 0.5% Dense 9.58 (Giannaka

Gly acetic acid  compatibility setal,
(HAC) structure 2014)

Ch/MMT- 2% acetic Finger-like 13.70 (Zhu et al.,

PES acid/ porous 2015)
DMAc structure

CONCLUSION
Ch/MMT and Ch/O-MMT composite membranes were

successfully prepared. The morphological analysis, SEM, and AFM
images showed that the O-MMT filler has better dispersion and
smoother surface structure than MMT filler in chitosan polymer
matrices. FT-IR spectra showed that the intensity hydroxyl, amide I,
and amide Il from chitosan membrane decreased with the addition of
MMT and O-MMT filler, which happens due to formation bonding
between chitosan polymer and MMT/O-MMT filler. The incorporation
of GPTMS on O-MMT surface was able to increase the compatibility
of O-MMT with chitosan membrane, as seen from the FT-IR results.
The TGA curve analysis demonstrated that the addition of inorganic
filler into chitosan organic matrices was able to increase the thermal
stability of Ch/MMT and Ch/O-MMT composite membrane, suggested
to mechanical strength analysis. The improvement in thermal stability
is due to the facts that there are more hydrogen bonding formations
between chitosan polymer and O-MMT filler, compared to that of
between chitosan polymer and O-MMT filler. In addition, greater
hydrogen bonding formation would lead to the tighter packing of Ch/O-
MMT composite membrane, resulting in higher bonding strength and
higher thermal resistance. All of the characterization results confirmed
that the Ch/O-MMT composite membrane has better physicochemical
properties than Ch/MMT composite membrane.
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