American Journal of Applied Sciences 2 (12): 15383, 2005
ISSN 1546-9239
© 2005 Science Publications
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Abstract: Blend membranes of chitosan and poly (ethylenee)»idth different molecular weights of
100,000 and 600,000 were prepared by the solutiast technique. The Chitosan-PEO blend
membranes were produced to study their water atisngpcapacity and characteristics of the
haemodialysis membrane application. An increasthénwater adsorption capacity of chitosan-PEO
blend membranes compared to the pure chitosan uasadthe porous structure as evident from the
scanning electron micrograph. Addition of PEO wiilgher molecular weight had reduced the
percentage of water adsorption of the chitosan-R#gDd membranes. XRD results revealed that
chitosan-PEO blend membrane with higher water adigor ability shows lesser degree of
amorphosity. Intermolecular interactions betweeitoshn and higher molecular PEO chains in the
blend contributed to important alteration in chitosstructure as observed in the infrared spectpysco
which lessens the permeability of the membrane.
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INTRODUCTION creatinine and able to reject high molecular weight

compounds. It is impermeable to serum proteins lwhic

Chitosan is a natural mucopolysaccharide ofsuggest the prevention of toxic metals into blood
marine origin having structural characteristicsikinto  streanf®. However, Malleteet al.'*'Y reported that

glycosaminoglycans that is present in the exoséelet chitosan solution formed a coagulum when in contact

of crustacedfl, arthropod and funfl. It consists of a with blood and its haemostatic property involved

linear (- 4)-linked 2-amino-2-deox$-D glucan and agglutination of red blood cells.

can be chemically prepared from naturally occurring  De Chricoet al.””! started the pioneering work to

chitin i.e. its N-acetyl product by treatment waltkali  improve the problems by blending chitosan with
at elevated temperatlite The structure of chitosan is polyhexamethyleneadipamide in 99% formic acid
shown below in Fig. 1. solution. Henceforward, other chitosan blends heehb

Chitosan has been used for a wide variety ofdeveloped such as chitosan-polyvinyl alcohol blend
biomedical applications, such as in the drug dejive membrand¥”, chitosan-albumin blend membrat@ds
systenf!, charcoal encapsulated chitosan beads foand chitosan-poly  (ethylene oxide) blend
toxin removaf, dental and orthopedic materfald ~ membranéd¥?.

This is primarily due to its biodegradable, nontoaind

biocompatible featur€& Other applications in — ]
biomedical field includes fibers for fat blocker,
digestible sutures, liposome stabilization, antitbeal,

anti viral and anti tumor agents, haemostatic and
hypocholestertemic and hypolipidemic ag@nt

Poly (ethylene oxide) has been characterized as
having a moderate tensile modulus, high elongadiuh
ability to orient when stressed. Its solubilityvarious
solvents is a function of its molecular weight and
temperature. In general higher molecular weight FEO
harder to dissolve. Industrial applications of PEO
include in fire fighting and also as adhesffes

Chitosan as a membrane alone has high mechanical
strength, permeability to urea, amino acids andFig. 1: Structure of Chitosan
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The permeability and blood compatibility of Eqw= [(WwerWary)/War]x100%
chitosan-poly (ethylene oxide) blend membranesgusin
different molecular weights of PEO have been stlidie where E, is the percentage water adsorption of
and the results show that the permeability coeffiti  chitosan-PEO membranes at equilibriumeAenotes
of urea and other solutes through the membranes atke membranes weight at equilibrium water adsonptio
much higher compared to the pure chitosan membrarend W, is the initial weight of the membranes.
and Cuprophan i.e. commercially available

haemodialysis membrane. The platelet adhesion anBcanning Electron Microscope (SEM):
activation were also significantly reduced on céétio-  Morphological properties of the membranes such as
PEO membrané&4. surface porosity, roughness and texture were stuttie

Therefore, we intend to correlate the surface andhis study, dried chitosan-PEO blend membrane was
chemical characteristics of chitosan-PEO blendmounted on a standard SEM sample holder and fixed t
membranes to their permeability coefficients, whish the base. The same procedure was also applieceto th
important in developing haemodialysis membranes Thi pure chitosan membrane, the PEO 100K membrane and
objective is hoped to be achieved through thethe PEO 600K. The sample was then sputtered coated
characterization of the chitosan-PEO blend memisranewith gold-palladium coating using an SEM coating
using Scanning Electron Microscopy (SEM), X-Raysystem before viewing under the Philips SEM 515
Diffraction (XRD) and Fourier Transform Infra Red system.

(FTIR) techniques.
X-ray diffraction (XRD): Identification and
MATERIAL AND METHODS quantitative determination of the various crystadli
. ) ) compounds known as phases were studied using XRD.
Preparation of chitosan and chitosan-poly (ethylene  Thys, the existing phases of developed pure amtible
oxide) (PEO) blend membranes: Chitosan and membranes were studied. X-ray diffraction
chitosan-PEO blend membranes were prepared byeasurements on the membranes were performed with
splutlon cast method. _Chltosan (Fluka) and PEO ofpe Philips Expert Pro Diffractometer using Guk
different molecular weight of 100,000 and 600,000yadiation. Irradiation conditions were 3V and 40mA

(Aldrich) were dissolved in 0.1 M acetic acid (BDt)  for the scanning of diffraction angl® Between 19and
prepare a 2.0% (w/v) solution for each. The sohdio 7¢r.

were continuously stirred with a magnetic stirrer f

about 8 hours at room temperature. Then, the V&COU-qyrier transform infrared (FTIR): Characterization
chitosan solutions were mixed with PEO soluyons. of the chemical structure of a polymer is done bing
Subsequently, the homogenous solutions Werg e Transform Infra Red (FTIR) technique. The
poured ocr;tq a polys;yrer;_(le Pet? dish and welr e altbw specific chemistries and orientation of the streestwill
:ﬁiciflreesas ar;r(ljtcl)eftaslt()\:\?ly ;ﬂogm ?gr%rr?;rg[ﬁtri yﬁ*gg be known from the IR spectrum. The membranes infra
drying process was completed, the dried rﬁembran red spectra were measured using of the Perkin Elmer
' TIR model 2000 spectrophotometer. The transmission

peeled off easily and were soaked in 1.0 M sodiu .
hydroxide (BDH) for several hours to neutralize s spectrum was recorded in the wave number range from
4000 cn to 600 cnf.

acetic acid followed by extensive washing. The
membranes were dried until use.
RESULTSAND DISCUSSION

Equilibrium hydration: Since the chitosan-PEO blend _ _ .
membranes were expected to be used as the diaIysE'Su'“b”um hydration: The results obtained from the

membrane, the equilibrium hydration i.e. the watereXPeriments indicate the exudates drainage abofity
sorption capacities of a material were an importanvarious chitosan-PEO blend membranes. From the

characteristic for the absorption of body fluid doda  calculation, the average water sorption of chiteB&0O
transfer of cell nutrients and metabolites throug 600K blend membrane is 55.60% compared to the

materials. water sorption capability of chitosan-PEO 100K klen
The water sorption capacities of chitosan-PEOMembrane with 58.78%. Both blends showed better
blend membranes were determined by swelling thevater sorption characteristics than pure chitosan
membranes in pH 7.4 of phosphate-buffered salinénembrane which is 50.67% (Table 1).
(PBS) solution (Sigma) containing 0.02% sodium azid o
(Ajax) as a preservative af dor 24 hours. A known Table 1: Relationship between types of membrane wader
. - . ' sorption capability
weight of a dried chitosan-PEO blend membrane WEF\ 5o of Membrane

Water Sorption (%)

immerS(_ad in the meQia. The percentage of wat€pyre Chitosan 50.67
adsorption from chitosan-PEO membrane wasChitosan-PEO 600K Blend Membrane 55.60
calculated: Chitosan-PEO 100K Blend Membrane 58.78
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Therefore, it was demonstrated that the watetimited molecular interactions happen between claito
sorption ability of the chitosan-PEO 100K blendand PEO 100K compared to the other blend. By
membranes were higher. Thus, the water sorptiocomparison, chitosan-PEO 600K blend is more
capability of the chitosan-PEO blend membranes ismorphous. A weak intensity peak was formedtat 2
strongly dependent on the molecular weight of tB©P 15° for the blend and this reaffirmed our conclusion
introduced. from the SEM micrographs.

Scanning electron microscope: The morphology of
pure chitosan, pure poly (ethylene oxide) 600K and
pure poly (ethylene oxide) 100K are featured in Rig

The scanning electron micrograph for the pure E‘
chitosan membrane revealed that the membrane is nonf =
porous and the texture is plain without pores. Fthen
micrograph under 10,000 times magnification, the '
surface of PEO 600K shows a wavy structure and a
randomly distributed microstructure space that &bk
like a crack (Fig. 3). This structure suggested BH&O
600K particles might have failed to crystallize.

PEO 100K has a “branch” like structure, which has FESEESe T o
large spaces between the particles unlike its PETX6 " T R we— - S
counterpart. This happened due to the longer (S ETINETSUNSN:1ICUNEN) B PA- S 41 AN T
evaporation time taken by PEO 100K which enabled it
to crystallize (Fig. 4). Fig. 2: SEM image of the pure chitosan membrane

The surface structure of chitosan-PEO 600K blend under 10,000 time’s magnification
membrane is rough and uneven. There were no pores o
semi-pores available on the surface (Fig. 5).

small pores were dominating the morphological
structure of the membrane (Fig. 6).

From SEM micrographs, it is proven that the
surface characteristic of the membrane plays ang
important role to allow water uptake. Blending PEO
100K with pure chitosan had improved the porosity o
chitosan. Meanwhile, Chitosan-PEO 600K blend
membrane has a rough and uneven structure whic
disallows more water molecules to be adsorbed. SEM
micrographs also revealed that the surface streiafir
chitosan-PEO 600K blend has much similarity with
PEO 600K which exhibited amorphous feature. ‘ 1spm S2kU 180E4 :357/00 IPSP UM

X-ray diffraction (XRD): The X-ray diffractograms Fig. 3: SEM image of the pure PEO 600K membrane
for pure chitosan, pure PEO membranes and chitosan-
PEO blend membranes are shown in Fig. 7 and 8. Th Y
peak existed at@= 20 is a characteristic peak for
chitosan. Sharp and intense diffraction lines dndaus
for both PEO 100K and PEO 600K &2 23 and 19.
A sharp line at @ = 20 is available in both
chitosan-PEO 600K blend membrane and chitosan-PEC ..
100K blend membrane diffractograms. A new peak is ;
formed at 2 = 15 for both blends which indicates the
influence of PEO. We should notice that PEO 100K ha
a very sharp, steep and intense diffraction peakfa
and 238 when compared to PEO 600K. Thus, under the
PEO 100K peaks influence, the intensity of chitesan \
PEO 100K peak at2= 2¢°and 15 is much higher. - =
However, the amount of intensity shown in ‘ 1ss 83kU 188E4 :315,88 IPSP
chitosan-PEO 100K blend is not proportionate wité t
peak in PEO 100K. We could predict that there werd=ig. 4: SEM image of the pure PEO 100K membrane
158(
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Previous studies had revealed that by increasiag t
molecular weight of PEO, the water uptake percentag
by the membrane would be improved. This ¢
improvement was due to the decrement in the
crystallinity property of the chitosan and the
intermolecular interactions of PEO with chitosan.
However, the percentage started to decrease &fer P
with very high molecular weight (for instance 600K)
blended with chitosan although crystallinity wastier y
suppressétfl. Therefore, we proposed that excess of
membrane amorphosity also contributed to the 8
deterioration of the membrane porosity thus pratiizs :
permeability of various solutes as proven in theDXR
results.

Fourier transform infrared (FTIR): The IR spectra
for pure chitosan, PEO 600K, PEO 100K, chitosan-_. _ . :
PEO 600K blends and chitosan-PEO 100K blends arE'9" SEMblmage of the chitosan-PEO 600K blend
compared in Fig. 9 and 10. It is obvious from the membrane

spectra that molecular interactions did occur ithbo
blends. However, it is clearly seen from the s@etiat

chitosan had been changed significantly. Certain
characteristic bands of chitosan had been elimihate
had been reduced their intensity severely.

The superposition of the both chitosan and PEO
600K spectra could be the cause for such phenomeno
to happen. Furthermore, the introduction of higher ¥
molecular weight PEO had resulted in disturbing the %
chemical structure of the blend which might be §
responsible in introducing porosity of the membrane [3<=
surface. >

Meanwhile, the addition of PEO 100K had only & = = - .
enhanced the intensity of peaks in the blend. @erta = SERELECIALERUL LI FHVA T IS TT
features of PEO 100K had also been introduced. For
instance, the formation of a peak at 1152'amhich is  Fig. 6: SEM image of the chitosan-PEO 100K blend
due to the antisymmetric bridge C-O-C stretching membrane
vibration$" in PEO. This peak is absent in the pure
chitosan spectrum. Thus, we suggest that the
enhancement of certain features of chitosan migsisa
in improving the morphological and also materiahgd
structure of the blend. As a comparison, this ieaéd
our assumption that molecular interaction in Chites
PEO 100K blend is lesser.

The first peak for chitosan at 898 ¢ris assigned
to the saccharide structlffé For the chitosan-PEO
100K blend IR spectra, the peak position is theesam
However, the peak had moved to 843cmhich in
accordance with the peak existed at the same tocati
PEO 600K. This suggested that the saccharide staict
have been disturb€d and the formation of the peak Pure Chitosan
propose that the GHare in rocking modes in gauche
conformatioft®. . . . . . .

For chitosan-PEO 600K blend, the band attributed 1 2 30 40 50 60 70
to the vibration of —NK group is missing at 1590 ¢m 2 Theta
W8 Thus, the interaction between PEO 600K and
chitosan is responsible to eliminate the NH Fig.7: X-ray diffractograms of pure PEO 600K,
deformation band from the new formed blend. Chitosan-PEO 600K blend and pure Chitosan
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This would be attributed to the increase of hydroge
bondind*®. The chitosan-PEO 100K blend shows a
more intense peak than the pure chitosan at thiéqQos
but was shifted 4cth from 1590 crit. This indicates
the complexation between PEO 100K and chitosan had
happen. Furthermore, the effect of PEO 100K additio
had contributed to the enhancement of both, KEind
(1586 cnt) and also amide | (1654 cihpeaks which

is clearly distinctive in the blend spectra complate

the pure chitosan.

Another missing peak from the chitosan-PEO

600K blend spectra is the asymmetric LChisting
peak which is located at ~1260 ¢H{. Both pure
chitosan and chitosan-PEO 100K blend exhibits the
peak with similar intensity, although the band was

shifted for 3crit in the blend. An OH and CH
Fig. 8: X-ray diffractograms of pure PEO 100K, deformation band is also absent in the chitosan-PEO

Chitosan-PEO 100K blend and pure Chitosan

600K blend at 1320 cfand a slight shift from 1323

cm?! to 1324 cnit is observed in chitosan-PEO 100K

PEO 600K

1 L}

11405 11
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blend*®.

CONCLUSION

Experimental results had shown by adding lower

molecular weight PEO had improved the porosity of
chitosan. Formerly, only the increment of crystuatli

is blamed for limiting porosity [14], but from ostudy,

the increase of amorphosity due to the introductdn
higher molecular weight PEO could also reduce the
water adsorption capability. Higher molecular weigh
PEO had not only increases the amorphosity of the
material but also significantly changed the chitosa
molecular structure which is exhibited in our FTIR
results. The result from these molecular interastim

the blend had decreased the ability to adsorb water

thus, limiting permeability of the membrane.

Fig. 9: IR spectra for PEO 600K, Chitosan-PEO 600K

blend and pure Chitosan
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Fig. 10: IR spectra for PEO 100K, Chitosan-PEO 100K
blend and pure Chitosan
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