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ABSTRACT

In the present work, the binary polymer blends were prepared by mixing starch and chitosan in the 1:1 ratio with
and without the cross linking agent like glutaraldehyde. The characterization of prepared polymeric blends was
carried out by advanced analytical tools such as Fourier transform resonance spectroscopy (FT-IR), X-ray
diffraction (XRD) and Thermo gravimetric analysis (TGA). The obtained results of FT-IR studies reveal the
presence of cross linking between the polymers and cross linking agents. The results of TGA and DSC studies
confirms that the blend prepared with glutaraldehyde as a cross linking agent was found to be highly thermally
stable. In addition to this the results of water absorption studies carried out as a function of time for the polymer

blend samples prepared with and without the cross linking agent at room temperature and high temperature was
also investigated.
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INTRODUCTION

In the recent decades there has been a considénédniest in polymer blends owing to their potelnéipplications
[1,2]. In terms of scientific research the fieldtbé synthetic polymer blends had experienced anmnsous growth
in recent years. Blending and alloying of polymeith other polymeric components had a significaedelopment
[3-5]. One of the main advantages of blending tblymer at the various compositions was the achiergrof the
change in properties of the final product. Polymlends can be obtained with a range of propertgg®dding on
their chemical nature of the polymer mixed and nprexisely on the polymer-A-polymer-B interactid6s

Mixing of two or more polymers to produce binarydaernary blend is a well established route to eahia certain
amount of improved properties in the polymeric egst [7]. Negligible probability of formation of hgmben bonds
of chitosan with other polymer molecules resultsrfrthe blending phenomenon. Previous studies regadiiat the

blends of chitosan with other polymers showed $iggmit mechanical properties. Starch is a polysadde derived

from plants which has fully biodegradable and gasginewable nature [8, 9]. Recently, many reseaschave

extensively explored the development of starch amsitp films with other polymers such as collage®][1
poly(vinyl alcohol) [11], carrageenan [12] and dild13].

Chitosan is is a linear, crystalline polysaccharidvhich composed of3-(1—4) linked N-acetyl-D-
glucosamine(Poly-(1-4)-2-Amino-2-deoxy-R-D-Gluc&e to its nontoxic, biodegradable, biocompatib&tune
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[14, 15] chitosan can be easily combined with othaterials [10, 16, 17]. In the present work, dffeas been
made in synthesizing binary blends by mixing stamt chitosan with cross linking agent to prodimermanmade
polymer blends that confer unique thermal propsrtie

MATERIALSAND METHODS

Materials

Chitosan was kind gift from India Sea Foods, CogcKierala which is 92% deacetylated. Starch andiglacetic
acid was purchased from SISCO Research LaboratBkids LTD, India. The cross linking agent glutamtgde
was obtained from SDFINE-CHEM LTD, India.

Blend preparation

Binary blend preparation

A known weight of the solutions of starch (1g) asfdtosan(1g) were prepared by dissolving in watet glacial
acetic acid separately. These solutions was thesedrin the presence and absence of glutaraldetiy@tal) as a
cross linking agent at room temperature with mageggitation for one hour. Then the above prepanedure
were poured into a petri dish and dried in vacuamifd hrs to remove the solvent completely.

Water Absorption Studies

Water uptake capacity of binary blend was doneitnmersing approximately 0.1g of the sample ibeaker
containing 25ml of water kept in a thermostatiatev bath set at room temperature(32°C) and higipeeature(42
°C).These samples were then periodically removerh fthe water bath after a definite time intervalsen these
samples were weighed after blotting with filter pap

The percentage weight gain at any time't’ as altesfusolution absorption was determined using éogation
which was given below [18].

Wt (%)= (W t—W o) /W oX 100

where, W t = Weight of the sample at difféaréme intervals (after soaked in water).
Wo = Initial weight of the drample respectively.

CHARACTERIZATION

FT-IR Spectroscopy

FTIR measurements of the prepared polymeric blemtiptes was recorded by Fourier transform infra-red
spectrophotometer (FT-IR) using the Perkin ElImed EZTIR spectrophotometer, in the range of 400-460Dat
25°C with a resolution of 4 c¢f

TGA analysis
The thermo gravimetric analysis of the starch tad@in(1:1) blend prepared with and without the siragslinking
agent glutaraldehyde was carried out on a PerkiteEthermal analysis instrument.

DSC analysis
DSC analysis of the polymeric blend samples waseathiout with the Perkin EImer thermal analysistrimsent,
with pierced lid in the nitrogen atmosphere at atimg rate of 10° K/min.

RESULTSAND DISCUSSION

Water absorption studies

Water absorption studies of the binary polymerindl samples were performed as per the method egpeatlier.
The results of water absorption percentage valfidsnary blend prepared with and without cross iliigkagent
glutaraldehyde carried out at room temperaturehegiger temperature was represented in figuresnd)2).

146
Scholar Research Library



P. N. Sudha et al Der Pharmacia Lettre, 2013, 5 (5):145-150

100 7 | 98 -
/[‘ 90 | I
9 80 9 96 A
T 70 T 95
2 2
5 60 B o1 -
§ 50 W Starch/Chitosan(1:1) § 93 4 W Stach /Chitosan(1:1)
2 2
T 40 T 9) -
2 3 W Starch/Chitosan(1:1)- 2 g1 W Starch/Chitosan(1:1)-
] m
2 glutaraldehyde 2 _ glutaraldehyde

20 90

10 &9 4

0 88

1 2 3 4 5 1 2 3 4 5
Time in hours—> Time in hours —
Figure(1) Figure(2)

On comparing the results of water absorption pdéeggnvalues of binary blend (1:1) prepared with astthout
cross linking agent, it was observed that the walsiorption capacity of blend decreases drastigaliiye presence
of cross linking agent glutaraldehyde. This maydbe to the fact that, the addition of glutaraldehgecreased the
average size of the polymer particle and then dse the free volume and voids by increasing theitsfbetween
the starch, chitosan with the cross linking agé&f].[Due to the decrease in free voids, water gitigor capacity of
the blend prepared in the presence of the crokimgragent glutaraldehyde decreases.

FTIR analysis:

Figure-3 shows the FTIR spectra of starch-chitodam) blend. The prominent peaks observed at 343&r8"
corresponds to the intermolecular hydrogen bondigeak obtained at 2925.53¢m2855.66¢rt indicates the
asymmetric and symmetric C-H stretching in QOtdspectively. A peak observed at 1718.28¢cm623.22crit
indicates the presence of C=0 stretching in seagnalmide and N-H bending respectively. These peakdirm
the blending of starch and chitosan.

Figure: 4 shows the FTIR spectra of starch-chitogepared with the cross linking agent glutaraldiehyOn
comparing the FT-IR spectra of starch-chitosan dlgrepared with (Figure-4) and without the crosgilig agent
(Figure-3), it was observed that the figure-4 shamwsadditional peak at 1592.48 cm-1 indicating ghesence of
C=N stretching. This observed peak confirms strdignding of starch, chitosan with cross linking rige
glutaraldehyde.
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Figure:3 star ch/chitosan (1:1) blend Figure:4 starch/chitosan (1:1) blend- glu

Thermal analysis

Thermo gravimetric analysis

The TGA thermogram of starch and chitosan blendl)((Figure: 5) shows that 80% of the blend is déegnated
within 750°C. At the end of the experiment i.e.880 °C only 18.003% of the blend remained asiduesResidual

147
Scholar Research Library



P. N. Sudha et al Der Pharmacia Lettre, 2013, 5 (5):145-150

weight was found to be 0.24408 mg which is only008% mg of the sample taken. From 450°C therelislorear
shallow decrease in weight with increase in tentpega

PerinEimer Thermal Ansiysis
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Table:2 and Figure: 6, represents the TGA thermmgdetails of starch, chitosan(1:1) blend preparedhie
presence of cross linking agent glutaraldehydeuAdo80% of the sample is disintegrated within 800At the end

of the experiment i.e., at 850 °c only 18.2499%hefblend remained as residue. The residual wé&dbund to be
0.7315 mg which is 18.2499% of the sample takenc@nparing fig (5) & (6) it was found that the hipatarch /
chitosan blend prepared with cross linking agentaghldehyde was found to be highly thermally stabhis was
confirmed from the amount of blend remained asdtesiat the end of the experiment, and the various
decomposition temperatures.

Differential Scanning Calorimetry:

Figures (7) and (8) represents the DSC curve oflstand chitosan (1:1) blend prepared in the alesand presence
of glutaraldehyde as the cross linking agent rasgdyg. The glass transition temperature of stdrchitosan (1:1)
blend was observed at 155°C whereas for the stalitosan (2:1) blend prepared with the cross tigkagent
glutaraldehyde, the glass transition temperature abserved at 165°C. On comparing the DSC curvetaoéh and
chitosan (1:1) prepared with and without the clogsng agent, it was found that the endothermiakseand the
glass transition temperatures are shifted to highkres. It confirms that the starch-chitosan payiviend prepared
in the presence of the cross linking agent hasdnighermal stability with the formation of diffetearystalline
forms. In addition to this the occurrence of a Engroad glass transition in the Starch/chitosdn{@lutaraldehyde
indicate the attractive molecular interactions artdgh degree of compatibility of both materials.
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X-RAY diffraction studies

Figures -9,10 show the X Ray diffraction pattertisstarch / chitosan (1:1) blend prepared in theeabs and
presence of cross linking agent glutaraldehyde.ay-&ffractogram of starch / chitosan (1:1) blehdws peaks at
26=11.30, 14.90, 18.00, 22.80, 40.60 whereas XRD of starch / chitosan (1:1pared in the presence of cross
linking agent shows only 2 broad peaks at arouricah8l 42 From the number of peaks observed, it was concluded
that, the sample starch / chitosan (1:1) blendhigiser crystalline nature whereas the starch bshit (1:1) blend
with glutaraldehyde as cross linking agent has segstalline nature. On comparing the XRD patterhstarch and
chitosan (1:1) prepared with and without the cilgddéng agent, it was found that the degree of &lisity was
found to be increased. The above resultsconfir@as the blend prepared in the presence of crokm{iragent has
higher thermal stability. with the formation of féifent crystalline forms.
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Figure: 9 starch/chitosan (1:1) blend Figure 10 starch/chitosan (1:1) blend- glu
CONCLUSION

The results suggest that there is strong intenadigiween the molecular chains of chitosan andtstavhich may
lead to the miscibility at specific ratios of thveat components blended. From the FTIR results, & feand that the
C=N type of linkage was obtained. This observedkpmafirms the strong blending of the starch anitbslan with
the cross linking agent glutaraldehyde. From ttsailte of DSC and TGA it was concluded that the sidoking
agents enhanced the thermal stability of the potyntend. The results of x-ray diffraction studiesnclude the
change in the crystalline nature of the polymernbte prepared with and without the cross linking nage
glutaraldehyde.
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