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ABSTRACT

The primary objective of this study is to provide comprehensive market intelligence on a global level of its one of the
derivative chitosan, nanochitosan and its blend, the present study explore the synthesis of nanochitosan/polyvinyl
alcohol a binary blend of different ratios (1: 1), (1:2), (2:1) with glutraldehyde as a crosslinking agent. The prepared
blends were characterized under advanced analytical aids such as Fourier transform infrared spectroscopy (FTIR),
X-ray diffraction studies (XRD), Thermal analysis (TGA and DSC) for its physical and chemical properties studies.
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INTRODUCTION

The biopolymer chitosan a linear polysaccharide posed of randomly distributet(1-4)-linked D-glucosamine
(deacetylated unit) and N-acetyl-D-glucosamine tfdated unit, an organic strain of polymer ) whiéh extracted
naturally from the living things, such as the shelf shrimps, crabs and other crustaceans and &omeby using

alkali sodium hydroxide [1].

Pure chitosan is non-toxic, free of antigenic éfgbiocompatible, biodegradable and polar [2-6jité3an has a
number of commercial and possible biomedical uses well identified sorbent, effective in the agdmn of metal
ions [7]. Nevertheless, the properties of chitosarch as less mechanical stability, chemical degiaa its poor
solubility in water or in organic solvents, can ilints utilization for a specific application. Arlegiant way to
improve or to modify the properties in chitosarttie chemical modification of the chain, generaljydnemically
modifying the functional groups, without modificati of the initial skeleton in order to conserve tivéginal
properties and achieve nano form [8, 9]. The oafsible way is to reduce the particle volume, whadfers larger
surface area and hence enhances the efficienchitosan. This is the source of today’s most poptdahnology
‘nano technology concept’; [10-12] the present walko concentrates on synthesis of one of its devir
nanochitosan which has been used for blend formall@anochitosan can be prepared by ionic crossimkiethod
of chitosan with sodium tripolyphosphate which kegellent physicochemical properties, making itupesior
environmentally friendly material [13, 14].

The potential applications of nano-chitosan ard detonstrated in all the field such as adsorptibheavy metals,
treatment of waste water and medical field, paldidy in controlled drug delivery systems[15,16(el
nanoderivative of chitosan has high mechanical tmmal stability than chitosan hence this workmsre
concentrated on preparation of nanochitosan aretgls [17].

Polyvinyl alcohol is a biocompatible and nontoxiaterial which has hydrophilic film forming capacind also
increases the mechanical strength of the blend. ®Ve@sistance against organic solvents and aquedludility
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makes it adaptable for many applications [18]. P¥Anormally used in the textile industries, for pap
manufacturing, in the food packaging industry, atgb as medical devices [19]. PVA is used as dastmial and

commercial product due to its low environmental &ty which includes its high chemical resistanagjeaus

solubility, and biodegradability [20, 21].Polymeriending is able to provide materials with extethdeseful

properties beyond the range that can be obtaimed &ingle polymer equivalents. It is a novel metbbgreparing

new material with already available polymers whiels been highlighted in this work [22].

The present study concentrates on preparationnafrpiblend of nanochitosan with polyvinyl alcohdldifferent
ratio by weight such as (1:1, 1:2, 2:1) with glidehyde as the crosslinking agent to improve cgstiwelling
increasing the amorphous nature and water perniigsitroperty of the blend (23,24). The preparddrigls were
studied by various analytical techniques.

MATERIALS AND METHODS

Materials

Chitosan (deacetylation 92% and MW 120,000) wasymed from India Sea Foods, Cochin, Kerala, In8@dium
tripolyphosphate, polyvinyl alcohol, glutaraldehyded acetic acid of AR grade were used without fumgher
purification. Millipore water is prepared in thebtzratory by double distillation of deionised waiar quartz
distillation plant.

Preparation of Nanochitosan by lonotropic gelation

The nanochitosan was prepared by ionotropic geldté, 26] method using sodium tripolyphosph&iee to non
toxic nature of these components and ease of aperate adopted the gel ionization technique far $linthesis of
nano chitosan particles. About 1 g of chitosan @asolved in 200 ml of 2% acetic acid solution vhiwas
prepared using the conductivity water. The aboJetism was stirred well for 15 minutes. Then to thieove
prepared chitosan solution, 0.8 g of sodium tripblysphate dissolved in 107 ml of conductivity watexs added
dropwise. A milky coloured emulsion like appearanezs obtained. This solution was then allowed ttlesas
suspension by adding conductivity water in excess2# hours. After this process is over, the swgiarated
solution was then decanted. Then the thick emulsioich was obtained above was then poured intd#id plates
[27].

Preparation of Nanochitosan — Polyvinylalcohol (NC&VA) (1:1, 1:2, 2:1)

A binary blendof nanochitosan - polyvinyl alcohol with glutaratgele of ratios (1:1, 1:2, 2:1) was prepared by
weighing 1 g of nanochitosan dispersed in distieater was taken and 1 gm of polyvinyl alcohol whigas
dissolved in minimum amount of distilled water walso taken separately. The above solutions wene ithiged
thoroughly by magnetic stirring with 7ml of glutdehyde as a crosslink agent [27] and thereaft@mrdil and
washed thrice with double distilled water. Thesepblymer binary blends were stored at room tempegain
double distilled water for few hours and then drigdpouring in a Petri dish and for 24 hrs in samiay other
ratios were also prepared of different proporti¢dS-27]

Characterization of Polymer blends

FT-IR spectroscopy:

Perkiln-Elmer spectrophotometer was used for FTilRlys The prepared nano chitosan-polyvinyl alccddlinary
blends of different ratio were analyzed by FTIRle wavelength between 400¢@nd 4000cri and in solid state
using KBr pellets.

X — Ray Diffraction Studies
X—ray diffraction (XRD) patterns of nano chitosaolyvinyl alcohol binary blends composites of diffat ratio

were studied using X-ray powder diffractometer (XR SHIMADZU XD — D1) using a Ni — filtered CuffX-ray
radiation source. The relative intensities wereoréed within the range of 16- 9¢° (28) at a scanning rate of
5°min™.

Thermo Gravimetric Analysis

Thermogravimetric analysis was conducted to meathgethermal weight loss of the nano chitosan-palylv

alcohol a binary blend on a SDT Q600 V8.0 Buildi@&rument at a heating rate of’COper minute in nitrogen
atmosphere. The weight losses at different stages mecorded and analysed.
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Differential Scanning Calorimetry

The differential scanning calorimeter (DSC) wasdugeexamine the thermal stability of the nanodato-polyvinyl
alcohol a binary blends. The measurements weremeed with NETZSCH DSC 200 PC in a pan Al, piertiddn
the N, atmosphere at a heating rate of’ KOmin. The results were recorded and analysed.

RESULT AND DISCUSSION

FT-IR spectra of hanochitosan and binary blend withcrosslinking agent glutaraldehyde

FTIR spectroscopy is one of the most powerful tépies for investigation of multicomponent systeresduse it
provides information on the blends composition agb polymer - polymer interactions. The followiegction
describes the FT-IR spectral details of nanochitogagure 1), PVA and PVA crosslinked with glutal@hyde
(Figure 2a and 2b), NCS: PVA composites with ciinksr glutaraldehyde in different weight ratio &f1, 1:2, 2:1)
in (Figures 3, 4, 5).

Fig (1): FT-IR spectrum of nanochitosan
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The IR spectra of nanochitosan showed a prominesit pt 3385.92cthcorresponds to -OH stretching of axial OH
group, and -NH stretching. A peak at 2908.57anas due to aliphatic -CH asymmetric stretchingor®f peaks
obtained at 1635.20ch 1163.38 cril, 897 cnt indicate the presence of —NH bending, C-O- C chiag of
glycosidic linkage and C-C stretching. Appearant@aw peaks at 1219.00 ¢nand 1058.87 cifcorresponds to
P=0 stretching, P-O stretching respectively wastduée interaction of sodium tripolyphospate wdtfitosan and
confirms the conversion of chitosan to nanochitd@h30,31]. The shift of the peaks observed at53&8cm’ to
lower wavenumber in nanochitosan indicate crosslmmkhad taken place effectively between sodium
tripolyphosphate and chitosan.

Fig (2): FTIR spectrum a. Pure PVA b. PVA crossliked with GA [Ref. 32, 33]
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Figure 2a, shows the FTIR spectrum of pure PVA, retal major peaks related to hydroxyl and acetgtaips
were observed. More specifically the broad bandeptesi between 3550 and 3200 twas associated with the
stretching O-H from the intermolecular and intraslecular hydrogen bond. The vibrational band olesg:dyetween
2840 and 3000 crhrefers to the stretching C=H from alkyl groups el peaks between 1750 and 1735"cane
due to the stretching C=0 and C-O from acetategremaining from PVA (saponification reaction aflyvinyl
acetate) [34, 35, and 36].

Figure 2b, shows the FTIR spectrum of PVA crosgihky glutaraldehyde (PVA/GA), two prominent peaks
observed at 2860 and 2730 troorresponds to C—H stretching are related to gifledy duplet absorption with
peaks contributes to the alkyl ch8b-39]. The PVA reaction with GA resulted in sificént alterations in the
bands regarding to hydroxyls (O-H) at 3330-3350'cmormally associated with the acetal bridge foiomat
Therefore, it was assume that glutaraldehyde wslas chemical crosslinker among PVA polymer chain

Fig (3): FTIR spectrum of NCS: PVA [1:1] ratio with crosslinking agent glutaraldehyde.
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Fig (4): FTIR spectrum of NCS: PVA [1:2] ratio with crosslinking agent glutaraldehyde.
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Fig (5): FTIR spectrum of NCS: PVA [2:1] with crosginking agent glutraldehyde.
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The FT-IR spectrum of NCS: PVA blends with glutdediyde in different ratio (1:1,1:2, 2:1) was shawrigure
3,4 and 5 respectively. A peak for -OH stretching a\NH stretching for NCS is observed at 3385.92evhich has
been found to be shifted to lower wavelength at5333 cnit, 3368.3 crit and 3376.7 cihfor ratios 1:1, 1:2 and

2:1 respectively.

Peaks at 1219.00 ¢hfor P=0 stretching and 1058.87 ¢iior P-O stretching in NCS was observed to haveifa sh
in the IR spectrum for various ratios of the blemtepared and their peaks obtained are 1248.07 amd
1017.11crit for 1:1 ratio [40], 1252.06 cfrand 1018.16cthfor 1:2 ratio [41], 1252.06 cthand 1018.16cthfor

2:1 ratiorespectively. Moreover, the P-O band and P=0O band\CS has undergone a significant shift in the
prepared blend of 1: 1 ratio suggest that thisdlsrbetter for metal adsorption.

X-Ray diffractogram of nanochitosan and binary blerd with crosslinking agent glutaraldehyde

Fig (6): XRD pattern of NCS
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Fig (7): XRD pattern of the blend NCS: PVA [1:1] wth crosslinking agent glutraldehyde
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Fig (9): XRD pattern of the blend NCS: PVA [2:1] wih cross linking agent glutraldehyde
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The XRD spectra patterns of nanochitosan particl#ained using ionic gelation technique is showifrigure 6.

The spectra shows well defined distinctive peaknfamochitosan particles aft 2alue of 20. The broadening of the

peak was due to the amorphous nature of the nansahi polymer by the ionic crosslinking of TPP wéthitosan
which can deform the crystalline structure of céto [42, 43].

The XRD spectra patterns of NCS: PVA blends witltagaldehyde in different ratio (1:1,1:2, 2:1) wa®wn in
figure 7, 8 and 9 respectively. From the figurewais seen that for all the blends the diffractiealfs are observed
at 2 values around 20. The peaks are relatively loerisé confirming the increase in the amorphous eattithe

formed blend [41-43].

TGA of nanochitosan and binary blend with crosslinkng agent glutaraldehyde

Fig (10): TGA pattern of NCS
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Fig (11): TGA pattern of the blend NCS: PVA [1:1] with crosslinking agent glutraldehyde
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Fig (12): TGA pattern of the blend NCS: PVA [1:2] with crosslinking agent glutraldehyde
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Fig (13): TGA pattern of the blend NCS: PVA [2:1] with crosslinking agent glutraldehyde
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TGA thermogram of nanochitosan (figure- 10) indicttat the first thermal event occurs at tempeeatange 50 -
150 °C with a weight loss of 8% to 10 % which may due to the loss of residual water present instmaple.
According to literature data pyrolysis of nanockén starts by a random splitting of the glycosimbads, followed
by a further decomposition to acetic, butyric amdvér fatty acids [44, 45]. The thermal degradatioin
nanochitosan, up to 880 shows that around 45.63 % of the sample remaa®edesidue at the end of the
experiment.

TGA thermograms of NCS: PVA blends with glutaralgéd in different ratio (1:1, 1:2, 2:1) are presenta

Figures (11 — 13). For all the blends the maximwnognposition occurs in the range of 350-400°C teatpee
which was mainly due to the pyrolysis of the polynteom the thermogram values it was concludedtti@ablend
with the ratio 1:1 is thermally stable up to 750&%aving behind 2.322% as residue at the end oExperiment
whereas for the blends with the ratio 1:2 and théy decomposed at 690.09°C leaving behind 0.128sldue and
at 699°C leaving behind 7.080% of residue respelstivihe above data confirms the blend 1:1 is tladiymmore

stable and suitable for carrying out further stoflgdsorption process.

DSC studies of nanochitosan and binary blend withrosslinking agent glutaraldehyde

Fig (14): DSC pattern of NCS
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Fig (15): DSC pattern of blend NCS: PVA [1:1] withcrosslinking agent glutaraldehyde
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Fig (16): DSC pattern of blend NCS: PVA [1:2] withcrosslinking agent glutaraldehyde
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Fig (17): DSC pattern of blend NCS: PVA [2:1] withcrosslinking agent glutaraldehyde
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The DSC curve of nanochitosan in figure 14 hasdewindothermic peak below 80 which is due to the removal

of absorbed water and a sharp endothermic peak7diC?associated with the breakage of chitosan phosphoid
cross linkage. The decomposition of chitosan narimpes is expected to happen well above 3D@s evidenced
from TGA studies. The Tg of nanochitosan was o=t 218C and the amorphous nature of nanochitosan was
confirmed from TGA result [42-46].

Figure.15-17 shows the DSC curves of NCS: PVA Wdewndth glutaraldehyde in different ratio (1:1, 121).
Broad endothermic peaks are observed at variouseletures indicating the crystallization of theymoér blend as
well as evaporation of water and decomposition ide schain [45-48]. The Tg of NCS: PVA blends with
glutaraldehyde in different ratio (1:1, 1:2, 2:13swobserved at 30, 335C and 238C respectively.

On comparing the DSC curves of nanochitosan, aadgthymer blends NCS:PVA with different ratios thiend

(1:1) has higher glass transition temperature 6fG4Hence, it was found that the endothermic peakistiae glass
transition temperatures of NCS: PVA blend shiftechigher values. It confirms that the blended pdyrh:1 has
higher thermal stability than nanochitosan with fibrenation of different crystalline forms.
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CONCLUSION

In this study, the NCS: PVA binary blend were pregaat various ratios (1:1, 1:2, 2:1) with crodsing agent
glutarldehyde.The blends were characterized using analyticairtgues such as FTIR, XRD, TGA and DSC.
From the FTIR results, it was found that the thaksewere shifted to higher wave number during bliemchation
which confirms the nanochitosan were effectivelydwith polyvinyl alcohol XRD studies elucidate that the
prepared blend was highly amorphous and suitabl@edeorption process. TGA and DSC results inditad¢ the
addition of glutaraldehyde enhances the thermdlilgtaand compatibility of the prepared binary bés. It was
concluded from the above results that the binagndg were highly suitable for heavy metal remowval this type
of work could promote the synthesis of some fumalsed new polymer blend from the existing polyrfar
achieving specific property and can be utilizeddeveral applications.
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