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ABSTRACT

Natural fiber reinforced composites have attracthd attention of research community mainly becatsy are
turning out to be an alternative solution to theedepleting petroleum sources. Various naturaldibsuch as jute,
sisal, palm, coir and banana are used as reinforeets. In this paper, banana fibres and glass fildese been
used as reinforcement. The aim of this presentystuak to develop a polymer made up of banana/diass
reinforced nanochitosan composites. The nanochitegas prepared using polyphosphoric acid and colitge®f
nanochitosan were prepared with short fibers of den and glass in the presence of crosslinking agent
glutaraldehyde. The prepared glass and banana fiberforced nanocomposites were characterized udiffgrent
analytical tools such as FT-IR, XRD, TGA and DSi& FT-IR studies reveal the formation of nanocoriteesThe
observed results of TGA and DSC show that the iadditf glutaraldehyde along with the nanosized agan has
increased the thermal stability. The XRD resultsdatk the change in crystallinity of nanocomposites

Keywords: Banana fiber, glass fiber, nanocomposites, charigation.

INTRODUCTION

Lignocellulosic biomass is the most abundant maltémithe world. Much work is done in the applicatiof natural
fibre as reinforcement in polymer composites [lhefle is a growing interest in the use of naturbéers as
reinforcing components for both thermoplastic ahdrmoset matrices, because of the ideal benefieseaf by
natural fibers such as convenient renewability,dbgradability, and environmentally friendliness.[2] great
interest towards the development of composite n@dsereinforced with natural fibers has emergedhe last
decade [3-5]. According to the Food and Agricultu@aganization (FAQO), each year farmers harvestiado35
million tons of natural fibers from a wide rangepdénts and animals. The term natural fibers islusedesignate
numerous kinds of fibers that are naturally produbg plants, animals and minerals [6]. The natfibers such as
sisal, coir, jute, ramie, pineapple leaf, and kehafe the potential to be used as reinforcementnmadg in
composites.

The growing interest in lignocellulosic fibres isamly due to their economical production with feaquirements
for equipment and low specific weight, which resuit a higher specific strength and stiffness wbempared to
synthetic fibers. The inherent polar and hydrophilature of lignocellulosic fibres and the non-palharacteristics
of most thermoplastics results in compounding difies leading to non-uniform dispersion of fibneghin the
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matrix which impairs the efficiency of the compesifThis is a major disadvantage of natural fibriefoeced
composites.

Another problem is that the processing temperatfimmposites is restricted to 200°C as vegetdbtes undergo
degradation at higher temperatures; this resttleéschoice of matrix material [7]. Another setbadskthe high
moisture absorption of natural fibres leading tekiwg and presence of voids at the interface, tinesults in poor
mechanical properties and reduces dimensionallisgatifi composites. It is quite clear that the adteges outweigh
the disadvantages and most of the shortcomings feswedial measures in the form of chemical treatrf&n

In India, banana is abundantly cultivated. Banaiperfcan be obtained easily from the plants whighrandered as
waste after the fruits have ripened. So banana fika be explored as a potential reinforcemBanana fiber, a
ligno-cellulosic fiber, obtained from the pseuderst of banana plantMusa sepientujn is a bast fiber with
relatively good mechanical properties. Banana fimessesses good specific strength properties ceailgato those
of conventional materials like glass fibers [9-1ElUrthermore, this materials has a lower densiin tplass fiber
[12]. However banana fibers are associated withesatmallenges including high moisture uptake lowrrnied
stability and low bonding with polymers.

The glass fiber is blended with a thermoplastieffias a route to a perform material that couldds#yeshaped and
molded into its final form without the need foresin. Such composites are desirable because ofhilgéi strength,
low cost and good fatigue resistance. Additionalgss fibers have good impact strength, good chanaind
corrosion resistance, good electrical resistarme dielectric constant and good dimensional stgbilnh the present
study banana and glass fiber reinforced nanochitpséymer composites were prepared and its mechlstiength
was tested.

MATERIALS AND METHODS

Materials

Chitosan was kind gift from Indian Sea Foods, CocKierala. Banana Fibers was purchased from Vikxattire,
Chennai, India and Glass Fibers was obtained frmmoR Agencies, Chennai. All the chemicals useithénpresent
work were of analytical grade.

Preparation of nanochitosan

Nanochitosan was prepared by sol-gel method usshgphosphoric acid. About 15g of chitosan was disswin 3
litres of conductivity water containing 60 ml of 2%v acetic acid .The above solution was stirredl fa& 45
minutes. Then to the above prepared chitosan ealuti2 gms of sodium hexametaphosphate dissolvéddf ml
of conductivity water was added dropwise. A millglaured emulsion like appearance was obtained. Jdiigion
was then allowed to settle as suspension by adutinductivity water in excess for 24 hours. Afteisthrocess is
over, the supersaturated solution was then decanted

Preparation of fiber composites

The banana and glass fibers were cut into verylgpiedes of approximately 0.25 cm length to be uaediust
fibers and three cm length for using as short fib&he nanochitosan was dispersed in minimum amafuwater.
The above dispersed nanochitosan solution andhbbesfwas then mixed and blended in different propes. The
binary composites of nanochitosan were preparell bahana and glass fiber in the two different fousisig short
and dust fiber of glass and banana in the ratid add 30:2 in the presence of crosslinking agembghldehyde.
This mixture was then stirred for 30 minutes udimg high speed mixer Remi motor (200 rpm, 30 mihjctv was
then stored overnight. It was then poured intopeidishes and allowed to dry.

Glass fiber nanochitosan composites:

a. Short fiber: b. Dust fiber:

NC+GF(30:1) NC+GF(30:1)

NC+GF(30:2) NC+GF(30:2)

Banana fiber nanochitosan composites:

a. Short fiber: b. Dust fiber:
NC+BF(30:1) NC+BF(30:1)

NC+BF(30:2) NC+BF(30:2)

1163
Scholar Research Library



Sudha P.Net al Der Pharmacia Lettre, 2012, 4 (4):1162-1168

FTIR Studies of blends.
FT-IR Measurements were performed with the fibermposites using Thermo Nicolet AVATAR 330
spectrophotometer in 4000 — 400tmavenumber range using KBr pellet method.

TGA
Thermogravimetric analysis of the nanocompositeri{cut into small flakes) was conducted on a K500 V8.0
Build 95 instrument in the temperature range dft6@OCC at the heating rate of 20°K/min.

X — Ray Diffraction Studies

X-—ray diffraction (XRD) studies of fiber nanocomjies was performed with the X-ray powder diffractier
(XRD — SHIMADZU XD — D1) using a Ni — filtered CudX-ray radiation source. Banana fiber in the forin o
short non woven fibers (3mm) was used in this work.

RESULTS AND DISCUSSION

FT-IR Spectroscopy

Figure-1 shows the FT-IR spectra of pure nanocaito$he IR spectra of nanochitosan (Figure 1) shmeminent
peak at 3385.92 chmcorresponding to —OH stretching of axial OH grouNH stretching. Peak obtained at
2908.57crit corresponds to the aliphatic -CH asymmetric stietz Certain peaks observed at 1635.28c897
cm® corresponds to —NH bending and C-C stretching. FielR spectra of NC+GF (30:1) (figure 2) shows
prominent peak at 3436.08 ¢ntorresponding to —OH stretching of axial OH grodgH stretching. Peak at
2926.20crit corresponds to the aliphatic —CH stretching. Téakpat 1632.98cthcorresponds to —NH bending and
the peaks at 614chcorresponds to out of plane bending. A similarety results was observed in the case of
NC+GF (30:2) nanocomposite (Figure-3). The FT-IRctfal details of NC+GF (30:1) (dust fiber) and N&H+
(30:2)(dust fiber) was represented in the figure(®).The FT-IR spectra of NC+GF (dust fiber) (30shows
prominent peak at various wave number values sa@%84.10 cm, 2925.03crl, 776.59crit,476.82 and 416.70
cmt.These observed peaks indicate the presence ofmiliecular hydrogen bonded OH stretching, aliphati
asymmetric stretching, NH bending and C-C bending.

Figure-1

ENCRE N NN RSN )

Figure-2 Figure-3 Figure-4 Figure-5

Figure-6-9 shows the FT-IR spectra of NC+BF (30M§;+BF (30:2), NC+BF (30:1) (dust fiber) and NC+BF
(30:2) (dust fiber) respectively. The FT-IR speadfananochitosan banana fiber composites prepareatifferent
ratios shows prominent peak at 3446.01'@orresponding to —OH stretching of axial OH grolipe peak obtained
at 2925.31cm was attributed to the aliphatic —CH stretchingrt@ia peaks observed at 1089.81 coorresponds

to C-O stretching and the peak obtained at 780t01 @orresponds to N-H bending. On comparing the FT-IR
spectral results of the nanochitosan glass fibemposites and nanochitosan banana fiber compgsiggsred in
different ratios with pure nanochitosan it wasevked that some more additional peaks were obsenvdt case

of fiber nanocomposites corresponding to the grquesent in the glass fiber and banana fiber. it to this,

the intensity of the OH bands has also increaseehvdompared to the pure nanochitosan .These FpéRtral
results indicate that there are no significant oomfitional differences between nanochitosan anc-dneposites
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formed. There are no significant differences in thajor bands, however there are shift differencethé peak
intensities which indicate changes in the amoumomcentration.

Figure-6 mFigure—? Figure-8 %

TGA

The TGA thermogram details of NC+GF (short fib&0:(L), NC+GF (30:2) (short fiber), NC+GF (30:1)(tfiber),
NC+GF (30:2) (dust fiber) and NC+BF (short fibeBp(1), NC+BF (30:2) (short fiber), NC+BF (30:1)(ddiber)
and NC+BF (30:2) (dust fiber) was represented énTthble-1-2 ,Figures-10(a-h).

Table-1
SAMPLE %Weight Loss| Decomposition Temperature(|C)

10 18C

NC+GF(short fiber) (30:1) 20 225

30 278

10 270

NC+GF(short fiber) (30:2) 20 319

30 344

10 218

NC+GF (dust fiber) (30:1), 20 262

30 300

10 190

NC+GF (dust fiber) (30:2) 20 248

30 292
d et
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Figure-10 (a) Figuredtb) Figure-10(c) Figure-10(d)
Table-2
SAMPLE %Weight Loss| Decomposition Temperature(|C)

10 205

NC+BF(short fiber) (30:1), 2C 25¢
30 355
10 260

NC+BF(short fiber) (30:2), 20 400
30 470
10 284

NC+BF (dust fiber) (30:1) 20 682
30 700
10 105

NC+BF (dust fiber) (30:2) 20 260
30 370
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Figure-10(e) Figure-10(f) Figure-10(g) Figure- 1)

The initial weight loss obtained in the region d#~300°C was mainly due to moisture evaporation aater
adsorbed to the fiber. The degradation of fibenfoeced nanocomposite in the temperature regiogingnfrom
220-300 °C was mainly attributed to thermal depasization of hemicellulose and the cleavage of ggydic
linkages of cellulose. The broad peak obtainedhi@ tegion from 200 to 500°C was contributed by itign
components and the degradation of cellulose takeedbetween the temperature ranges from 275°CGOIC4

From the results of TGA it was observed that indhse of composites of nanochitosan with glase fitor increase
in the amount of glass fibre (ratio) increasestki@mal degradation, where as in the dust forrdedteases. In case
of the composites of nanochitosan with banana fioréncrease in the amount of banana fibre in doom as well
as dust form increases the degradation temperd&umreomparing the results of TGA of glass fiber posites with
banana fiber, it was concluded that the nanochitegth banana fibre composites have higher thestability in
terms of higher degradation temperature than thegtdtosan with glass fibre composites. This wasfiomed
from the amount of residue remained at the entdetkperiment and the various decomposition tenyres

DSC

DSC is an analytical tool which helps to understére thermal behavior of polymers and compositekelps in
finding glass transition temperature and polymempgosites. The glass transition temperature (TgXhis
temperature at which the material undergoes atsmnaldransition from an amorphous solid stateqgjastate) to a
more viscous (rubbery) state. Below Tg, films aggdrand brittle, whereas above it flms becomexifiee and
pliable. Figures:11(a-h) represents the DSC cufv®l©+GF (short fiber) (30:1), NC+GF (30:2) (shoibdr),
NC+GF (30:1)(dust fiber), NC+GF (30:2) (dust fibar)d NC+BF (short fiber) (30:1), NC+BF (30:2) (shfiloer),
NC+BF (30:1)(dust fiber) and NC+BF (30:2) (dustiiprespectively.
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Figure:il(a) - vi:igure-lmlr‘(rb)w Figure-ll(é) Figure-11(d)
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Figure-11(e) Figure—ll(f) Figure—ll(g‘)‘ Figure-11(h o

The DSC curve of NC/GF short and the dust formpamed in the ratio of (30:1, 30:2) shows an endotiepeak
at various temperatures such as 99.9°C, 69.1°G3°@p.and 69.4°C respectively, where as for NC/BE th
endothermic peaks are observed at 72.5°C, 78.352°G and 73.2°C respectively. The glass transistio
temperature of the glass fiber reinforced compesitas found to be around 130°C in case of botht $i@r and
dust fiber whereas in the case of banana fibefowied composites the glass transistion temperatasefound to
be around 135°C. On comparing the glass transiggamperature of glass fiber reinforced compositété the
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banana fiber reinforced composites it was concluthed the bananafiber reinforced composites wasddo be
highly thermally stable than the glass fiber reiném composites.

XRD

XRD has been one of the most widely used methodsniterials, especially metal and inorganic malridhe
crystalline phases and their relative contents atemials can be quantitatively obtained by theradfion peak
location, diffraction peak number and relative irsti¢y of XRD pattern. The XRD spectral details dENGF (short
fiber) (30:1), NC+GF (30:2) (short fiber), NC+GF02)(dust fiber), NC+GF (30:2) (dust fiber) and N&H(short
fiber) (30:1), NC+BF (30:2) (short fiber), NC+BF(Q3)(dust fiber) and NC+BF (30:2) (dust fiber) wapresented
in the Table-3,Figures-12(a-h).

Figure-12(a) Figure-12(b) . Figure-12(c) Figure-12(d)

Figure-12(e) Figure-12(f) Figure-12(g) Figure-12(h)

TABLE:3
% OF CRYSTALLINITY
BINARY COMPOSITES | COMPOSITION SHORT FIBER | DUST FIBER
NC+GF 30:1 25.2 18.3
NC+GF 30:2 24.6 23.3
NC+BF 30:1 10.9 11.1
NC+BF 30:2 19.€ 15.t

X-ray diffraction pattern of polymer contain bothasp as well as diffused bands. Sharp bands camesfo
crystalline orderly regions and diffused bands espond to amorphous regions [13]. The crystallirstgalculated
by separating intensities due to amorphous andtalliye phase on diffraction phase. Computer aidedve
resolving technique is used to separate crystabing amorphous phases of diffracted graph. Aft@aisgion,
Percentage of crystallinity 9¢6 is measured as ratio of crystalline area to[Tarta.

X% = Ac/Ac+Aa* 100.
where

A= Area of crystalline phase
A= Area of amorphous phase
X= Percentage of crystallinity

Small Angle X-ray Scattering (SAXS), Infrared Spestopy, can also be used to measure crystallibity From

the XRD results of table 3 and figures-12(a-hés observed that the % degree of crystallinity feasd to be
higher in case of short fiber when compared to dilir. Moreover the composites made up of glaberfi
reinforced with nanochitosan has more crystallinity terms of better strength compared to banamaposites
reinforced nanochitosan [15, 16]. From the restinésdust fiber fiber composite is having more arhors region
which can be useful for the wastewater remediatitme banana fiber is a low cost, good biosorbe{, [it

efficiency was further improved during the compeddrmation.
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CONCLUSION

The prepared nanocomposites have been expecteavéimmproved mechanical properties. The FT-IR tesoi
fiber reinforced nanocomposites show that thereevmer significant differences in the molecules amel llondings
in the composites when compared to the novel nagesuch as banana fiber, glass fiber and nanelnitd-rom
the XRD results it was concluded that the glaseefiteinforced composites has more crystallinitygveing better
strength and higher dispersion than banana fibenposites. The results of TGA and DSC indicate tinat
nanochitosan with banana fibre composites haveehittermal stability in terms of higher degradatiemperature
than the nanochitosan with glass fibre composites.
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