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ABSTRACT

Natural rubber - chitosan blended membrane was prepared by mixing chitosan solution
with natural rubber latex by varying mass ratio. Chemical properties, dynamic mechanical thermal
analysis (DMTA), electrical properties, water and methanol uptakes, and membrane morphology
were determined. From the SEM result, it was found that blended membranes are dense
membrane and T, was increased. Water uptake, electrical properties, and proton conductivity of
membranes were increase with increasing chitosan content of blended membrane. Natural rubber
mixing with zeolite was found that the zeolite agglomerated and separate from natural rubber
phase. The mechanical properties of mixed membrane were dropped but the water uptake was
increased with increasing the zeolite content of mixed matrix membrane. However, the mixed
matrix membrane enhance the permeability of CO,, O,, ad CH, result in the highest O,/N,

selectivity of 16.30, CO,/N, of 12.89, O,/N, 0f 0.79.

Keywords: mixed matrix membrane; natural rubber latex; chitosan; zeolite
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Sains Malaysiana 43(2)(2014): 241-245

Dvnamic Mechanical and Dielectnic Properties of Modified
Surface Chitosan/Natural Rubber Latex
{Sifat Mekanik Dinamik dan Dielekrrik Permulcaan Chitosan yang Diubahsuai/l ateks Getah Aski)

WikACH TAWEEPREDW®

ABSTRACT
Bigdegradable pohmmeric films, obrained from chitozanmanmral rubber latex (CSwRL ) blends with different composinions,
have been prepared by wetiing process. The blemds were characterized by dynamic mechanical thermal analysis {DMTa )
and found that the CAWRE blemds are thermodynamically incompanible. This is evident from the presence of two glass
ransifions, corresponding o O and NEL phases i the blend. The mechamical properties af the CHNRE blends were
improved with increasing the amownr of chirosan and gfter aoface oreamment with sulphric acid due o the sifomare
iomic imteraction. The diglecoric properties was derermined wring Precision LOR meter in the frequency range 75 EHZ up
1o 30 MHz. After CUNRE surfoce reatment with sulphinric acid ar high conrent of chitesan showed the kighest dielectric
consiant. The swrface propertics of the CnNEL blend films before and after aerface reament were confirmed by aiomic
Jorce mucrascopy (AFM), respeciively.
Eoypwords: Biopohmer,; chitesan; dieleciric properties; namneral rubber; surfoce modificanion

ABSTRAK
Pemg gumaan filem rerbiowrai vang diperoleh darpada campuran (CnRL) Lateks petah ashi kiesan demgan komposisn yang
berbeza, felah disediakan secara proses bazah. Campiran dicirikan meng gunakan ioknik analisis haba mekanik dinammk
{DATa ) dan mendapan bahawa campuran CUNRE seprula jadi fidak serasi. Imi adalah jelas daripada Bewujudan dua
peralihan kaca, yang sesuai dengan fasa o5 dan MRi dalam aduman. Sifat mekamk compran CENEL telah diperamgkatkan
dempan meming katkan jumiah bitosan dan selepas ravatan permickaan meng gumakan asid sulfurik berlaky inreraksi iomik
sulfomar. Sifar diclekorik ditennkan mengpunakan 1o ketepatan meter dalam kekerapan julat 75 EHZ sehingga 30 MAZ
Selepas rawalan permukaan CENEL dengan anid slfink pada kandungan yang anggl daripada kitesan memnnjuklan

berlakwnya pembenikan malar diclekimk yamg teringgi. Sifar permukaan CONRL mengpabungkan filem sebelom dan
selepas rawaian permikaan telah disahkan masing-masing oleh mifroskop berkuat-kuasa atom (AFM).

Emta kunei: Cetah ash; Biosan; pormukaan pengubahwaian; polimer-Bio ditmwarkan; sifar dielekmik

INTRODUCTION increazad with increasing chitosan content (Elitar et al.

Watral rabber ((R) has excellent mechanical properties
bt it likes any other polymers which are composed
with highly wnsatorated chain that is susceptible o
cxidative depradation. A mumber of publications deal
with incorporation of hydrophilic biopolymer such a=
chitosan with M to obtain hipher permeability (Tsmail
et al. 2011; Sapuan et al. 2011) and selectvity as well
as good thermal stability (Clarizia et al. 2004, Eithor
et al. 2005). Gemerally, chitosan is biccompatible
and bicdegradable with wide range of applications in
cosmetic, pharmaceuntical and medical mdustries. hore
importanty, in reactivity poind of view, it possesses two
nucleophilic moietes namely the primary amime {-INHI)
and hydroxy] (-0H) groups (Wanichapichart et al - 20097,
Incorporation of chitosan with We has been done via
solution blend (homogeneous reaction) and dry blend
(heteropeneons Teaction). Solution blend of chitosan
with W& was found that the both of permeation flux and
separadon selectivity of water-isopropanc] mixires wers

2005, White et al. 20107).

In this smdy, the membrane was prepared from
incorporation of chitosan with MR to improve their
propermes a5 well as the conductivity of MR film. The
main propose of this research was the development of
bio-materials for elecolyte membrame. The effects of
amd elecirical properties were also investigated

METHODS

High ammonia concenoated Mg latex (WRL) with dry
rubber content (DRcC) 60.1% by weipht was purchased
from Chalong Latex Industry, Songkla, Thailand . Chitosan
{deacetylation depree of 85% with average molecular
weizght is 500000 2mol) was purchazed from Seafresh
Indusoy Public Co., Ltd. Three pram of chitosan was
dizssolved in 97 g of acetic acid solution (10% wiv) by
stirming fior 48 b and filtering to remove undissol ved matter.
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The chitosan solufion was directly mized with MRL (DRC
= 40% by weight in the presence with stabilizer 0.5% by
and MRL as Mustrated in Table 1.

TAELE 1. Composition of polymer blend film

between chitozan and NEL
gl Weight (z)
Chitozan HRL
CAIMSOSRD =] 10
CAIMNS05R2 g2 E
CAIMNS0554 24 &
CAIMNS05SRE B& 4
CAIMS0OSRE o4 2

by drying at room temperanme. The polymer films were
menmalized by immersing in 4% (wi'v) Na0H sohition
reached closed to 7.0. The resulting polymer films were
left to dry at room emperanore in 3 dust free chamber,

The dymamic mechamnical properties of the membrans
were performed using dynamic mechamical thermal
analyser ([T, Model-V, supplied by FEheometric
Scientific). The shape of test zample was rectangular,
25 mm long, 10 mm wide and 1.5 mm thick The single
cantilever mode of deformation was used under the test
temperanre rangs from -100 to 200-C with a beating rate
of 3°Cimin;, the test frequency being 1 Hz. The cooling

Surface morphology of the membrane was sudied
using atomic force micToscope (AFM), Park System XETD.
The surface roughness average (R,) and root mean squared
E.E"}m calculated from MNanoscope software by nsing
(1) and (2):

k-5 @
Sl

K- a2 @

where £ is the difference between the height and the
mean plane current and a1 is momber of points. Disleciric
meaamements were carmied out in the frequency range 75
kHz up to 30 MHz by using Precision LCR meter {Apilent
4I834).

FESULTS AND DISCUSSION

DYMAMIC MECHARMCAL THERMAL ANALY SIS (DRTA)
The properties obiained from the dymamic mechamical
thermal analyss are the storape moduhs (E7), boss modnins
(E") and loss tangent (tan &) of the biopolymeric blending

film is recorded as a fumetion of temperaiure from - 100 to
200°C and showed in Figure 1. In Figure 1, the storage
modulos is found to increase with incorporation of
The mcorporation of NE has improved the stiffness of the
chitosan around the plassy repion. The damping property
(tan &) which is the ratio of the dynamic loss modulus to
the dynamic storage medulus is foond to decrease with
incorporaton of Chitesan with MR Since chitesan is rizid
with it dissipates energy and thos the heipht of damping
peakincreases. The tan & peaks observed comespond to the

ghssmﬁﬁmnmﬂ}ufﬂemmﬁ.ﬂu“of

the obitzined bio-blend 1 indicates good interaction
beraresn MR and chitosam.
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£ | T
= /,—:
E MR R | R
R
! "Ilr/ R R
. A —ta TR

lag E*(MPa)
[l
P
e
£

tan §
e
—

;f 7 I ]

. i

i AN ey
i s T Al (qm_u | = i

RAGURE 1. Dynamir mechanical thermal properties of chitozan
incorporabed with MR with difference compositions (a) tan &,
) Jog E" and (2} lop E' versus temperamre
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FIGURE 2. APM topalopy images of chitozan (£) and chitozan blending with natural mbber CAINS0590 (2) 8%
CA3NS0592 (b) CAINS0594 (c) CAINS0596 (d) and CAINS0598 (e)

FIGURE 3. APM 3-dimension images of chitozan blending with natural rubber CAINS0550
(a) 8% CA3NS0592 (b) CASNS0594 (c) CAINS0596 (d) and CAINS0558 (e)
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SURFACE FROPEETTES
The AP micrographs in Fipures 2 and 3 clearly show that
strucinre with high surface roughness. The surface

mg]nmzm:g&{ﬂ_}mdrmtnmmaqﬂamdmgm
caleulated and shomm in Table 2.

TAELE 1. Surface rouphnecs values of membrane

on muica substrate
MMembrans R (nm) R_ {mm)
CAINS0580 ET 121
CAINS0582 35 307
CATNS0584 4 104
CATNS0SRE 5 44
CATNS059E 50 65
Chitoisan 10 12
DIELECTRIC FROPERTIES

The permittivity and dieleciic loss of polymer films were
measured over the frequency range from 75 EHz up to 30
MHz at room temperaiore. The dislecomic constant of the
polymer film with hipher content of chitosan mereased as
shown in Fipure 4. Blending of chitosan with rk., dense HE
film was formed and covered chitosan particles resulted
in the film eonductivity is decreased The WR phase was
removed after immersing the polymer film in sulfure
acid solutiom. The dielectric propertes mereased with

Frequescy (hMHz)

FIGURE 4. Dieleviric properties of chitozan membrane
wvaryimg NH comtent

increasing the immerszing time as shown in Fipure 5 as
well as the dislectric loss as showmin Figure 4.
The chitosan blending with high content of MR, sulfonate
the polymer film in sulfuric acid for lonzer time. Both of
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FIGURE 5. Dielectwic properties of polymer films after surface
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The dielecmic properties of polymer films with lower
conceniration of R were not changed with increasing time
of immersing Hime.

CoMCLUSION
The mermbrane obtained from the mcorporation of chitcsan
with MR was found that the mechanical property is
polanization and conductivity of polymer film s maimly
chaneed with MR coment. M film was formed and eovered
chitesan particle and depraded after immerzing m sulfuric
eroup was observed by dielecinic measurement.
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Abstract

In the present study, the mixed matrix membrane (MMM) prepared from natural rubber (NR)
composited with molecular sieve has been investigated and characterization. The mechanical
properties of MMM were improved with high loading molecular sieve. The molecular sieves
were segregated from rubber phase and formed mesoporous film after vulcanization process.
The mesoporous of MMM leads to high water uptake which is revealed a preferential sorption
to water while methanol uptake is slighly increased with increasing molecular sieve content.
Gas permeabilities of the MMMs with special reference to type of gases, pressure, and
molecular sieve loading were found that the permeability ratio of CO, to CH,; showed a
maximum value at 35. These permeability behaviors were examined in terms of the gas
diffusion coefficient and solubility. The mechanical properties and morphology of the MMMs
were investigated using dynamic mechanical thermal analyzer (DMTA) and scanning electron
microscopy (SEM), respectively.

Keywords: Natural Rubber, Zeolite, Membrane, Gas Permeation
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Introduction

Modification of polymeric membranes in order to obtain higher permeability and
selectivity as well as good thermal stability is currently one of important topics. A number of
publications™™ deals with incorporation of hydrophilic molecular sieve such as zeolite with the
polymer matrix so called the mixed matrix membranes (MMMs). Generally, zeolite is used
widely in chemical and physical processes as catalysis and separation media because of high
surface area, high void volume, and uniform pore size distribution. Incorporation of zeolite
with chitosan membrane was found that the both of permeation flux and separation selectivity
of water-isopropanol mixtures were increased with increasing zeolite content®. The membrane
properties of hydrophobic silicone rubber membrane were also improved with incorporation
of alcohol-selective zeolite.”

In this study, the membrane prepared from incorporation of zeolite with natural
rubber (NR) and chitosan were characterized of physical and dielectric properties.

Experimental

Material and Methods:

The membrane was prepared from mixed latex by casting on a glass plated and followed by
drying at room temperature. The membrane was immersed in water bath at 500C for 1 hour
before dried at 80°C in oven for 12 hours.

Table 1 Formulation of NR compound (phr = part per hundred of rubber)

Ingredient Dry weight (phr) Wet weight (g)
60% HA NRL 100 167
10% KOH solution 0.25 25
10% Potassium Oleate Emulsion 0.20 2.0
50% Sulfur dispersion 1.0 2.0
50% ZBDC dispersion 1.0 2.0
50% Lowinox CPL dispersion 0.75 15
50% ZnO dispersion 0.5 1.0
50% Molecular sieve vary vary

Characterizations:

Mechanical Properties

The membrane was punched into dump-bell shape (die C) out from the compression molded.
The tensile strength, 300% modulus, and elongation at break of samples were measured
according to the ASTM D412 by using LLOYD instrument with a crosshead speed of 500
mm/min. The aged samples in the oven at 70°C for 7 days were measured and compared.

Surface Properties

Surface morphology of membrane was studied using scanning electron microscope
(SEM), JEOL JSM-5800 LV and atomic force microscopy (AFM). The AFM
measurements (True Non-Contact Mode™, Park System XE70) were conducted under
ambient condition. The silicon nitride cantilever probe vibrates near resonant
frequency of piezoelectric modulator passes over a film surface which was placed on a



pre-cleaned mica substrate, and correlate changes in the cantilever’s vibrations to
topographical features. The membrane was cut into circular shape with 2 cm diameter.
The thickness and initial weight of the samples were taken. The increasing weight of
sample was investigated every 5 minutes after the sample was soaked in water which
kept in bottle by electronic balance. The weighted sample was then immediately
replaced into the bottle until the equilibrium was attained. The experimental was also
carried out using ethanol. The solvent sorption of the sample (S) was computed using
the following equation,

_ Ws-Wd y
wd

S 100 (1)

Where S is the percentage of solvent sorption, Ws is the weight of sample after soaked in the
solvent until the equilibrium was attained and Wd is the initial weight of sample.

Results and Discussion

Mechanical Properties of MMMs

The tensile strength of MMMs was slightly decreased with increasing amount of zeolite as
well as the elongation at break as shown in figure 1. The results indicated that zeolite particles
were formed aggregate structure and dispersed in the polymer matrix. The properties of
MMMs after thermal aging are improved because incorporated zeolite interconnected micro
channels assists heat convection in the polymer matrix.
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Figure 1 Mechanical properties of MMMs




Surface Properties of MMMs

The micrographs in figure 2 clearly showed that zeolite particles were separated and formed
aggregate structure at membrane surface due to immiscible of the mixtures results in high
water uptake of MMMs with higher zeolite content as illustrated in figure 3. Zeolite is rigid
crystalline structure which is not labile to most polar and non-polar solvents so that when
embedding the membrane, the swelling could be maintained.

(©

Figure2 Cross-section SEM images of MMMs composted with varied concentration of
molecular sieve: (a) 1% (b) 3% (c) 5% and (d) 10% by weight
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Figure3 Water uptake of MMMs



Gas Permeation

In this study, the effects of zeolites content on the gas permeabilities of MMMSs were studied.
The MMMs was measured on permeation, retention and gas components by Gas
Chromatography (GC). At the single gas measurements, they were shown that the highest CO,
permeability of 4.24 Barrer, O, permeability of 5.38 Barrer and N, permeability of 0.33 Barrer
resulted in the highest O,/N, selectivity of 16.30, CO,/N, of 12.89, O,/N, of 0.79.

Conclusions

MMMs obtained from the incorporation of zeolite with ENR-chitosan blend was found that
the thermal property is improved with higher content of zeolite. The dielectric constant
revealed with interfacial polarization and conductivity of MMMs is mainly changed with
chitosan content. Chitosan can be grafted with ENR and crosslinking after surface treatment
with sulphuric acid results in higher dielectric constant at lower frequency.
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Table 2 Gas permeability and selectivity properties of NR membrane mixed with zeolite 3 phr tested at different pressures

Selective layer Pressure 'Permeability (Barrer) Ideal selectivity
(bar) CO, 0, N, COy/N; O./N; CO,/0,
1.0 4.24 5.38 0.33 12.89 16.30 0.79
NR-Z3 MMM 15 5.35 7.37 1.08 4.95 6.82 0.72
2.0 13.88 16.67 4.39 3.16 3.79 0.83
2.5 20.62 22.34 12.93 1.59 1.73 0.92

'Barrer = 10"%m*(STP).cm/s.cm’cmHg

Table 3 The composition of permeate and retentate streams (feed mixture: 60% volume of CH, and 40% volume of CO,) with NR-Z3 MMM at 1-2.5 bar feed
pressure, operating flow time 5 minute and 25 °C.

Pressure Permeate compositions Retentate compositions
(bar) CO, (vol%o) CH, (vol%0o) CO, (vol%o) CH, (vol%o)
1.0 4754 +0.19 52.33+0.19 33.72+0.12 66.38 + 0.32
1.5 46.11+0.18 53.67 +0.14 34.21 +0.17 63.47 + 0.17
2.0 41.33+0.11 58.04 + 0.24 36.33+0.02 61.30 + 0.30
2.5 40.67 £0.31 58.13 £ 0.36 37.73+£0.10 61.20+£0.18




