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ABSTRACT

Chemical modification that lead to the formation of chitosan derivatives, the grafted chitosan and chitosan
composites have gained much attention which was extensively studied and widely reported in the literature.
Nowadays the development of natural fiber reinforced composites is the main attraction of research community
because they are turning out to be an alternative solution to the ever depleting petroleum sources. In the present
work nylon fiber is used as reinforcement. The ternary composites were prepared by mixing the chitosan, carboxy
methyl starch and nylon fiber in 1:2:1 ratio with and without the cross linking agent like glutaraldehyde using
solution casting method. The physicochemical characterization of prepared ternary composite samples have been
studied by means of Fourier transform infra red spectroscopy (FT-IR), Thermo gravimetric analysis (TGA),
Differential scanning calorimetry (DSC) and X-ray diffraction (XRD) studies. The FT-IR results indicate the
presence of cross linking between the chitosan, carboxy methyl starch and nylon fiber with the cross linking agent
glutaraldehyde. The XRD studies were mainly carried out to find out the change in crystallinity of ternary
composites of chitosan prepared with and without the cross linking agent glutaraldehyde. The enhancement in
thermal properties of polymer composites prepared in the presence of cross linking agent glutaraldehyde was also
identified by TGA experiment and the results were investigated
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INTRODUCTION

Combination of two or more component materials galheleads to the formation of composites. An iaf to
composite synthesis has been made to improve miapFnperties such as stiffness, strength, toughregs. The
resulting properties are largely dependent on tkgiloution, relative amounts and geometries of ¢bastituents.
One of the modified natural carbohydrate polymeivae from carapaces of crabs and shrimps whichréesived

a great deal of attention for its applications inedse fields was the chitosan owing to its biodegbility,
biocompatibility, non-toxicity and anti-bacteriattavity [1]. The deacetylated derivative of chiisthe chitosan, or
(1,4)-2-amino-2—deoxp-D—glucan [2, 3], which was obtained from crustaceft,5] such as shrimps, squids and
crabs. This is generally obtained by alkaline dgdaton from chitin which composed of glucosamiaed N-
acetyl-glucosamine residues with a 1,4- 3 —linkage.

Due to its regenerative capacity and biodegradgbihe starch has been taken seriously by reseerdbr various
research works. This is the natural abundant potysaide produced as a storage polymer from maayt[6-9].
A very successful modification reaction for variatarches is the carboxymethylation. The carboxigiestarch
(CMS) is a starch derivative in which the —OH gregb the starch molecule, are partially substittgether group
(-O-CH,COOH) which exhibits varying degree of viscositypdading on its degree of substitution (DS) [10].
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The considerable research and development havedxpamded in natural fibers as reinforcement imntloplastic
resin matrix. Short fiber reinforced composites rlatively a new class of materials that find #gadlons in most
general purposes. Studies on the various propesfieke short fiber composites have been doneesfrli-16].
Properties of short fiber elastomer composite aaitly depend upon the interfacial bonding betwedbarfand the
matrix [17-20].

In the present work, effort has been made to peepamnary composite by mixing carboxymethyl staihifosan
and nylon fiber with the cross linking agent glaldehyde to improve the strength and thermal staloif polymer
composite.

MATERIALS AND METHODS

MATERIALS

Chitosan was kind gift from India Sea Foods, CocKierala which is 92% deacetylated. Nylon fiber waschased
from Placon Agencies, Chennai. Carboxymethyl starglacial acetic acid and the cross linking agent
glutaraldehyde was obtained from Sisco Researcbrasdiries Pvt, Ltd, SD fine-chem Ltd, India. Aletichemicals
used in the present work were of analytical grade

PREPARATION OF CHITOSAN / CARBOXYMETHYL STARCH /NYL ON FIBER (1:2:1) TERNARY
COMPOSITE

A known weight of the carboxy methyl starch (2g§l ahitosan (1g) were dissolved in water and gleadatic acid
separately. It was then mixed well and stirred¥ominutes. About 1g of nylon fiber was cut intaywemall pieces
of approximately 0.25 cm length to be used as filsts. The above prepared nylon dust fibers wieee added to
the mixture of chitosan and carboxy methyl staton. This chitosan/carboxymethyl starch/nyldsef mixture
(1:2:1) was then stirred well at room temperatuith ywwoderate agitation for one hour. After the afjjitn process is
over the prepared ternary composite was then paatedx petri dish and allowed to dry in vacuum f@rhours to
remove the solvent completely. A similar procedwess carried out to prepare the ternary composit&iLin the
presence of glutaraldehyde (10ml) as a cross ln&gent.

CHARACTERIZATION

FT-IR Spectroscopy

FTIR measurements of the prepared nylon fiber oeg®fd ternary composite samples was recorded byidfou
transform infra-red spectrophotometer (FT-IR) udimg Perkin EImer 200 FTIR spectrophotometer, erdmge of
500-4000crit at 25°C with a resolution of 4 ¢

XRD diffraction studies
X—ray diffraction (XRD) studies of nylon fiber rdarced ternary composites was performed with theyXpowder
diffractometer (XRD — SHIMADZU XD — D1) using a Nifiltered Cu Kx X-ray radiation source.

TGA analysis

The thermo gravimetric analysis of the chitosamarboxymethyl starch /nylon fiber (1:2:1) ternaryngmosite
prepared with and without the crossing linking agglataraldehyde was carried out on a Perkin Elthermal
analysis instrument.

RESULTS AND DISCUSSION

FTIR spectroscopy was used to characterize theations between chitosan, carboxy methyl starah myion
fibre. Figure- 1 shows the FTIR spectra of chitosan /carbuethyl starch/nylon fiber (1:2:1) ternary comipes
The prominent peak observed at 3428.12" @orresponds to the intermolecular hydrogen bor@edstretching
and NH stretching [21]. The presence of methyleéBlt stretching was identified from the sharp peataivied at
around 2924.39 cth Also certain absorption peaks which were obtaimieti744.82 ci, 1627.45 cni, 1385.31cm

Y and 1021.71 cthwas attributed to C=0 stretching, N-H deformatiGrt stretching vibration , OH bending and
C-N Stretching respectively.
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Figure 1: FTIR spectra of chitosan/carboxymethyl sarch/nylon fiber (1:2:1) ternary composite
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Figure 2: FTIR spectra of chitosan/carboxymethyl sarch/nylon fiber (1:2:1) ternary composite — glutaaldehyde

Figure-2 shows the FT-IR spectral details of clatdsarboxy methyl starch/nylon fibre (1:2:1) tesnaomposite
prepared in the presence of cross linking agertagiidehyde. The absorption peak obtained at 39081 and

2924 cni confirm the presence of NH stretching in secondmydes and CH stretching Glgroup .Certain
absorption bands which were obtained at 1744.62 t628.45 cri, 1320.66 cnl, 1019.78 crl, correspond to
C=0 stretching, C=N stretching, O-H bending, C-kefting vibration respectively.

The chemical interactions are reflected by chamgéise peaks of characteristic spectra after playsitgxing of two

or more substances with the cross linking agent [2B comparing the FT-IR results of Figure-2 with g1, it
was observed that an additional peak was obtaimdtigure (2) at 1628.45 ¢hrorresponding to the presence of
C=N stretching. This observed peak confirms thergfrblending of carboxymethyl starch, chitosan ayldn fiber
with the cross linking agent glutaraldehyde respelt. The chemical interactions are reflected by chanigake
peaks of characteristic spectra after physical mgixif two or more substances [22].

X-RAY DIFFRACTION STUDIES

Figures (3) and (4) shows the X-ray diffractiontpats of chitosan/carboxymethyl starch/nylon fifle:1) ternary
composite prepared with and without the cross tigkiagent glutaraldehyde. In the XRD patterns of the
chitosan/carboxymethyl starch/nylon fiber (1:2:4)nfary composite peaks were obtained at vari@ugalties such

as 18°, 22°, 27°, 28°, 31°, 33°, 44°, 48°, 52°,.93fese peaks indicate the presence of crystdblimas. The XRD
patterns of the chitosan/carboxymethyl starch/nyiiber (1:2:1) ternary composite prepared in thespnce of
cross- linking agent glutaraldehyde also shows pedkarious @ values such as 11°, 12°, 17°, 18°, 25°, 28°, 29°,
32°, 34°, 36°, 38°, 40°, 41°, 43°, 45°, 57°, 65°.

The above observed sharp peaks indicate that titesah/carboxymethyl starch/nylon fiber (1:2:1) niny
composite prepared with glutaraldehyde as cro&mlinagent has more number of crystalline forms.cOmparing
the XRD patterns of chitosan/carboxymethyl starglaim fiber (1:2:1) ternary composite prepared vatid without
the cross linking agent, it was found that the degf crystallinity was found to be increased. Bhesaks confirms
that the chitosan/carboxymethyl starch/nylon fifleP:1) ternary composite prepared in the presefidbe cross
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linking agent has higher thermal stability with fleemation of different crystalline forms. The sificant shift in
the diffraction peaks and the diffraction patterithva sharp peak indicated that there was a maeauiscibility
and interaction between the components [23].

Interestingly, the intensities of the peak at arb@é =10° were enhanced irhitosan/carboxymethyl starch/nylon
fiber (1:2:1) ternary compositehile incorporating 10 ml of glutaraldehyde. Thisgygests that there was a slight
phase separation between chitosan, carboxymethythst nylon fiber and also it was observed thatager
interaction takes place among these three comp®métit the cross linking agent glutaraldehyde [22].
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Figure 3: Chitosan/carboxymethyl starch/nylon fiber(1:2:1) ternary composite
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Figure 4: Chitosan/carboxymethyl starch/nylon fiber(1:2:1) ternary composite — glutaraldehyde

THERMOGRAVIMETRIC ANALYSIS

The thermal decomposition details were given inl@db Figure-5, represents the percentage decotiposif the
sample at different temperatures. The TGA thernaongdetails of (Figure-5) chitosan/carboxy methgrat/nylon
fiber (1:2:1) ternary composite shows that arouélof the sample was disintegrated within 350°Ce Weight
loss was observed to maximum in the temperaturgerah219°C-400°C which may be to the breakingyafrbgen
bonds between polymers. The residual temperatutheocomposite was found to be 750°C. At the endhef
experiment above 750°C, 6.905% of the sample resda@s a residue. The gradual weight loss was obddrom
350°C.
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Table-1 : TGA thermogram details of chitosan/carboymethyl starch/nylon 6 (1:2:1) in the presence andbsence of glutaraldehyde

crosslinker
Percentage decompositio Decomposition Temperature(°C)
CSI/CMS/NY 6 (1:2:1) | CS/CMS/NY 6 (1:2:1) - GLU
10 80 100
20 150 150
30 230 300
40 250 420
50 260 430
60 320 440
70 360 450
80 495 460
90 750 510

120

110
48.96°C

100 4

90
21.17%
(0.4465mg)

80

70

60 |

Weight (%)

50

40 -

304

20+

10+

[ 240.40°C

20.12%
(0.4244mg)

Residue:
6.905%

(0.1456mg)|.

0.8

0.6

0.4

0.2

Figure-5: TGA thermogram details of chitosan/carboy methyl starch/nylon fiber (1:2:1) ternary composte
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Table-1 and Figure- 6 represents the TGA thermogtatails of chitosan/carboxy methyl starch/nyldrefi(1:2:1)
ternary composite prepared in the presence of diokismig agent glutaraldehyde. From the above fgiirwas
evident that the maximum weight loss was obsernetthé temperature range of 415°C— 4B@nd in addition to
this it was also observed that around 2.516% weafhthe composite was left as residue at the endhef

experiment.

The initial weight loss for all the samples statsund 62 °C with loss of weight. This may correspoto the loss
of bound water and acetic acid from the compositee second weight loss was mainly due to the neeltin
temperature, Tm, during which there was 50% weilghs. The third weight loss was observed in theager
temperature range which may be correspondent tstthetural decomposition of the composite [24].

On comparing Figures -5 and 6 it was concluded tti@thitosan/carboxy methyl starch/nylon fibe2(1) ternary
composite prepared with the cross linking agentagidldehyde was found to be highly thermally staibleis was
confirmed from the increased value of initial degasition temperatures (100°C) in case of chitosabtixy
methyl starch/nylon fiber (1:2:1) ternary compogitepared in the presence of cross linking agartagildehyde
when compared to initial decomposition temperat85C) in case of chitosan/carboxy methyl stargloim fiber
(1:2:1) ternary composite prepared in the absehceoss linking agent glutaraldehyde.

Scholar Research Library

143



Fadila Benayacheet al

Der Pharmacia Lettre, 2014, 6 (1):139-145

Weight (%)

120 1.2
44517°C
110
| 4s38°C |
100 11.27% 1.0
(0.3130mg)
90
128.40°C
10.75% r
i (0.2985mg) i
80 36,65°C 8.378% 0.8 5
0.2326m:
70 ¢ 9 p1e05c %
3
296.54°C 3 £
T L [}
60 06 k=
=
50 =
57.80% L @
404 (1.605mg Lo 0
30
o 142.84°C r
o0 6334C [ o2
o Residue:
104 681.74 04651022;/8 és"s% I
(0.1250m@g o698amg
T T T T T T |. 0.0
0 100 200 300 400 500 600 700 800
Temperature (°C) Universal V4.1D TA Instruments

Figure-6 -TGA thermogram details of chitosan/carbay methyl starch/nylon fiber (1:2:1) ternary composte-glutaraldehyde

DIFFERENTIAL SCANNING CALORIMETRY
Figure-7 represents the DSC curve of chitosan éogrbmethyl starch/nylon fiber (1:2:1) ternary corsjie
respectively. One endothermic and one exotherna& pesre observed at 59.10°C and 271.85°C. The DB of
chitosan /carboxy methyl starch/nylon fiber (1:2t&jnary composite shows that the glass transtgomperature
was observed at 155°C. The DSC curve details dafoshi/carboxy methyl starch/nylon fiber (1:2:1)ntey
composite prepared in the presence of cross linkiggnt glutaraldehyde was represented in Figurgr8ad
endothermic peaks are observed at various tempesa@r°C and 200.55°C .These observed peaks iedithe
crystallization behavior of prepared ternary coniigosThe glass transistion temperature of the tgreamposite
prepared in the presence of cross linking agenagidehyde was found to be 165°C
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Figure-7 —DSC curve of chitosan/carboxy methyl stah/nylon fiber (1:2:1) ternary composite
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Figure-8 —DSC curve of chitosan/carboxy methyl stah/nylon fiber (1:2:1) ternary composite-glurtaraldehyde
CONCLUSION

The above observed results suggest that thererdagstnteraction between the molecular chains afoshn,
carboxy methyl starch and nylon fiber which maydiéa the miscibility at specific ratios. From th&IR results, it
was found that the C=N type of linkage were obsgimethe cross linked polymer. This obtained peatkficms the
cross linking between the chitosan, carboxy metstidrch and nylon fiber with the cross linking agent
glutaraldehyde. The XRD results indicate the inseemn crystallinity of ternary composites of chaasprepared
with the cross linking agent glutaraldehyde. Frowmn tesults of TGA and DSC it was observed thatthss linking
agent glutaraldehyde enhanced the thermal stabilitie polymer composite. The ternary composiepared with
glutaraldehyde showed better thermal stability tiiet without cross linking agent.
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