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ABSTRACT

Fiber reinforced polymer Resin matrix compositegehthe good performance, and it is widely usedhiious fields

to release the impact load. Over the past eraroéfinatural fibers have gained bursting attentibart ever before
from all the other research areas around the worldhese natural fibers provide a plenty of advansaged

strengthen than the other fibers. In this papercerduct a case study of the synthesis and mediqraperties of
novel series of green composites including Hibisalslariffa fiber as a reinforcing material in urelarmaldehyde
(UF) resin based polymer matrix has been repor&tdtic mechanical properties of the previous raniyooniented

intimately mixed Hibiscus sabdariffa fiber reinfedt polymer composites such as tensile, compreasigewear

properties are investigated as well. Initially urdarmaldehyde resin prepared is subjected to evalnaof its

optimum mechanical properties. Then reinforcinghef resin with Hibiscus sabdariffa fiber is accorspéd in three
different forms: particle size, short fiber and ¢pfiber by employing optimized resin. Proposed aedereveals that
mechanical properties such as tensile strength,pressive strength and wear resistance of the utraadldehyde
resin increases to considerable extent when retefmith the fiber. Thermal and morphological sasdof the resin
and bio-composites have also been conducted.
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INTRODUCTION

The advantages of natural fibers over traditioeaiforcing materials such as glass fiber, carbbarfetc are their
specific strength properties, easy availabilitghti weight, ease of separation, enhanced energywegg high

toughness, non-corrosive nature, low density, loat,cgood thermal properties, reduced tool weauced dermal
and respiratory irritation, less abrasion to prsuoes equipment, renewability and biodegradabilitawton and
Fanta 1994; Simon et al 1998; Chauhan et al 19001;2Joshi et al 2004; Singha et al 2004)[1-5hds been
observed that natural fiber reinforced compositagehproperties similar to traditional syntheticefibreinforced
composites. Natural fiber composites have beenetuahd reviewed by a number of researchers (Dugrd997;
Dufresne and Vignon 1998; Mao et al 2000; KaithaeR003; Nakagaito et al 2004, 2005; Bhatnagar Saih

2005)[6-9]. During the past decade, a number ofiggnt industries such as the automotive, cortion or

packaging industries have shown massive interetsteipprogress of new bio-composites materials. @ribe most
appropriate examples of this is the substitutiorinofganic fibres such as glass or aramid fiberséyral fibers
(Bledzki and Gassan 1999; Chauhan et al 1999; @bhakiy et al 2006)[10-12]. All these properties dnawade
natural fibers very attractive for various industricurrently engaged in searching for new andrelterproducts to
synthetic fiber reinforced composites.

The properties of natural fibers can vary dependingthe source, age and separating techniqueseofilibrs.
Hibiscus sabdariffa, an annual fiber plant, hasnbfseind to be an important source of fibers forumber of
applications since good old days. The bast fiber tiigh potential as a reinforcing fiber in polynmmmposites.
Hibiscus sabdariffa plant fiber is abundantly foumdthe Himalayan region, especially in Himachahdish.
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Traditionally, this fibrous material belonging tarkhlayan region is being used by the local peoptarfaking low
cost articles like socks, boots, mats, ropes, lgsThe literature review has shown scanty infdionaon the
application of this fiber as reinforcing material the polymer composites. Our research group hesessfully
improved the properties of a number of fibres sashflax, Saccharum cilliare, Hibiscus sabdarifiayon and
Cannabis indica by various techniques such as-gogiblymerization etc (Chauhan et al 1999, 2000a2001;
Singha et al 2002, 2004, 2006; Kaith et al 2008720 Kaith and Kalia Susheel 2007)[13-14]. Keepimgiew the
easy availability of this new fiber a comprehensigsearch work has been initiated in our laboratorysynthesis
and study of properties of Hibiscus sabdariffa ffilbeinforced urea— formaldehyde (U-F) resin mabtiased
bio-composites.

CONCEPTS AND EXPERIMENT OF OUR APPROACH

Mechanism of synthesis of urea—formaldehyde resiMechanism of polymerization reaction follows twess.
First step is the formation of methylol urea frohe treaction between urea and formaldehyde. Sirea igrtetra
functional so initial reaction due to presenceudfisient ratio of formaldehyde to urea may leadhe formation of
tetra methylol derivative of urea (as shown in feg). The rate at which methylol urea (I) and ft)mation takes
place depends upon temperature, pH and the ratforwfaldehyde to urea (F/U). To control the reactand to
favor the formation of dimethylol urea, the reantmondition must be slightly alkaline and a pH eB7s employed
(Singha and Thakur 2007). Since methylol ureasatedhesives, condensation does not take placee8astep is
the condensation of monomeric methylol urea to fpolymer molecules. The reaction is carried. ol@0t90°C in
an acidic medium (pH 5.5-6). As the reaction prdselarger molecules with cross linked structures farmed.
After the completion of the reaction, neutralizatipH 7.5-8) is carried out. The condensation nimgstlosely
watched and controlled at the stages of produdieErause if the reaction is allowed to continue <iivking will
lead to the gelatization of the resin. Under acidimditions methylol urea condense by eliminatidnwater
between either of four steps (as shown in figure.1)
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Fig. 1 Explanation of the Structure

Optimization of urea—formaldehyde resin.Tensile strength: It has been observed that Urstpkes of ratio 1 : 25
bear maximum load at a particular applied load aspared to samples of other ratios. This ratio 215) could
bear a load of 12 125 NF with an extension df 84 mm (figure.2). On the other hand, samples oémothatios bear
low loads. Compressive strength: It is evident fifigare.2 that the samples of ratio 1. 52could bear a load of 991
N at a compression of 31 mm. Wear resistance: It has been observed #wat kate of samples of ratio 1.:2was
less as compared to any other samples. Loss ofrialateas due to abrasion and friction of samplethwdisc

(figure.2). As evident from figures.2 samples dfiaal: 2 5 show maximum tensile and compressive strengths.

Moreover, at this ratio wear rate was also verg.l&herefore, this ratio was taken for further @rapion of
urea—formaldehyde resin and respective bio-comgmsit
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Fig. 2 Tensile Strength and Wear Resistance Curvd &F Resin

Effect of reinforcement on mechanical properties olU-F based bio-compositesTensile strength: It has been
observed that composites with particle reinforcemsowed more tensile strength which was followgdshort
fiber and long fiber reinforced composites (figuB3slt is clear from figures.3 that the samples(idfparticle
reinforced composite could bear a load of 332.8& Hnaextension of 2.2 mm, (ii) short fiber reinfedccomposite
could bear a load of 307.6 N at an extension 08 20 and (iii) long fiber reinforced composite abllear a load
of 286.1 N at an extension of 2.28 mm. Compressixength: Compressive strength of UF resin matag been
found to increase when reinforced with fiber. Itshaeen found that with particle reinforcement, coeapive
strength increases to a much more extent than simortlong fiber reinforcement (figures.4). It ieat that the
samples of (i) particle reinforced composite cdutgr a load of 2586.5 N with a compression of 3ad, (ii) short
fiber reinforced composite could bear a load of 286N with a compression of 3.55 mm and (iii) lofilger
reinforced composite could bear a load of 2376.%itkh a compression of 3.58 mm. Wear test: As evideam
(figures.5) wear rate of UF matrix decreases apabbcwhen it is reinforced with Hibiscus sabdariffber. It was
observed that particle reinforcement decreaseswther rate to a much more extent than short and fdoey
reinforcements. From these results it is clear plaaticle reinforcement is more effective than skead long fiber
reinforcements. This may be due to larger surfasa and more fiber/matrix interaction in case oftipke
reinforced composites Morphological study of biogmsites: Morphological results (figures.6) cleashyow that
there is proper intimate mixing of Hibiscus sabffarfibre with the synthesized resin in the biocasites. It is
clear from the micrographs that there is unifornxing with particle reinforcement as compared torshad long
fibre reinforcements.
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Fig. 3 Tensile Strength Curves of P-Rnf/SF—Rnf andF—Rnf Composites
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Fig. 4 Compressive Strength Curves of P—Rnf/SF—Riafnd LF—Rnf Composites
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Fig. 5 Wear Resistance Curves of P-Rnf/SF—Rnf and?=Rnf Composites

Fig. 6 SEM Images of UF Resin, P-Rnf, SF-Rnf and l-lRnf Composites

CONCLUSION

Various test methods were adapted for mechaniaackerization of natural fiber reinforced polynoemposites.
In case of mechanical behavior particle reinforcetma the UF resin has been found to be more effecs

compared to short fiber reinforcement. These resulggest that Hibiscus sabdariffa fiber has immeaspe in the
fabrication of natural fiber reinforced polymer goosites having vast number of industrial applicagio
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