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Abs tract II 

Abstract 

Due to thl! environmental concern. renewable materials have gained great desirability 

a~ reinforcement in polymer-fiber composites. Agro-fiber such as areca nut leaf sheath 

(ALS). coconut stem fibers (CSF) and coconutleafsheath (CLS) short nbcr reinforced 

pol) propylene (1'1') composites \\ere produced by compression molding technique. 

Different fonnu lated composites were prcpared using 5. 10. 15.20 and 25 \VI % of 

ALS. CLS and CSF fibcrs. Watcr absorption property of the fibers were examincd 

using water uptake test and evaluated strong hydrophilicity by gradually absorbing 

water until it reaches to a constant \\atCr absorpt ion value. Fourier-transform Infrared 

Spectroscopy was used to identify structural feature of the composites and matrix 

material. Tensile strength. bending strength. tensile modulus. bending modulus and 

elongation-at-hreak etc. mechanical tests of the composites were investigated. 

Reinforcement property of fibers significantly cnhanced the mechanical properties of 

the composites. alld 10 wt% fiber based composites showed the optimum value of 

strength and stiffness. Chcmical composition of the fibers was found using chemical 

treatment. Maximulll a-cellulose contained ALS fiber was also used with LDPE 

matrix material and highest stnmgth and other properties were showed for 5% fiber 

content. Again, alkali treatment and different doses of 'Y·irradiation was applied on 

ALS fiber. hybrid matrix (polyvin}1 chloride & Poll propylene). and fire retardant 

chemicals \\ ere used \\ ith ALS fibcr rcinfon.:cd pol;. prop) lene composites. 1 % nano 

AI.S cellu lose contained gelatin-PVA film sho\\cd highest mechanical properties. 

I'hermal properlies of the films and composites <1nd degradation nature of the 

composites \\ere anal) zed. Presence of 1% llano ALS cellulose in gclatin-PVA film 

and addition of fibers in the composites lessen the thermal stability. Up to six months 

in soil mcdium at ambient condition. degradation test of the composites were 

investigated. 

Kc)~yords: Polypropylene. 1.0\\ Densit) PoI) eth) lene (LOPE). Composite. y

irradiation. Mechanical properties. 
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1.1 Introduction 

The world is now going towards natural things. Considering the environmental 

impact of natural products. the policics of environment of developed countries are 

increasing pressure on producers and researchers. Consequently. the fascination of 

polymer-based composites is growing "here natural fibers are used as a reinforced 

material 1110stly owing to its renewable origin r 1.2]. Polymer matrix composites are 

no\\-a-days finding widespread applications in chemical industries and many other 

areas as structural materials [3 j. Recently. a great interest has been originated in the 

usc of' agro-libcr as substitute for synthetic fiber (e.g .. carbon and glass) in the 

development of polymer matrix composites due to their more favorable properties 

such as low density. non abrasive. stiffness. high specific properties and non

brittleness. The environmelll as well as economic advantages such as 

hiodegradahility. abundance all O\-cr the world. employment generation. agricultural 

economy. cheap. power-efficient and application are also among its advantages 

[4.5]. Throughout the past two decades, natural fibers have been utilized in 

numerous applications including consumer goods. low·eost housing. automotive. 

<Iirerati. paper industries. textile. building and construction industries [6]. Extensive 

studies haves becn carried out on lignocellulosic fibers based on sisal [7-9], 

pineapple [10-12], banana [13-15], bamboo [16], vakka [171_ date [18], and oil 

palm empty fruit bunch fibers [19, 20 J and the resuits represented that 

lignocellulosic fibers can be lIsed as the effective reinforcing agents. This is because 

of its several advantages slich as abundance. renewability, biodegradability. 

environmentally friendly. high slrength-to·weight ratio. and low cost compared to 

their synthetic counterparts. 

Areca palm (Areca catechu. Linn.) and coconut palm (Cocos nllci/era. Linn.). 

valuable tropical resources for food and energy. arc plenteous in the coastal districts 

of Bangladcsh. The CSF. CLS. coir fibers are obtained from coconut palm and ALS 

fibers are generated from areca palm. are being used to make a variety of materials 

including carpets and mats. Ho\\cver. there are many other parts of the palm other 

than areca nut leaf sheath fibers, coir fibers. and coconut stem fibers from "hieh 
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fibers can be easily extracted but are not currently utilized as resources for materials 

in an organized way. In fact. all of these fibers are currently used as fuel materials 

in the rural area. which does not take advantage of their high length to diameter 

ralio. Somc of Ihese fibers OCCur in nalure already in woven form e.g. leaf shealh 

[Figure 4. I (a), 4.I(b). 5.I(a) and ).I(b)] and slem from e.g. Slem fiber [figure 

2.I(c) and 6.1) which can be rcadily impregnaled wilh plaslics or cement. In order 

10 find beller ulilizalion of CSF. CLS and ALS particularly as fillers or 

reinlorccment in relativel) 10\\ cost applications (where high strength Or high 

modulus is nOt required) it is essential to assess the properties of fiber-reinforced 

composites. Hence. the processing of the naturally woven leaf sheath and stem 

fibers has becn executed into short fibers for thermoplastic polymer reinforcement. 

As such. sandwiching this fiber with thcnlloplastics could offer a strategy for 

producing advanced composites based on end-use requirements within a framc\\ork 

of low cost. recyelabilily, availabililY, bio·degradabilily and environmental 

consideration. Moreover. matrix materials are the most significant part of a 

composile. Polypropylene (1'1') is an amorphous Ihcrmoplaslic polymer and is 

widely utilized as engineering thermoplastic because of several essential and lIseful 

properties such as Iransparency. dimensional slabilil). name resislance, high heal 

distortion temperature. and high impact strength. PP is also very acceptable for 

filling. reinforcing. and blending. PP with fibrous natural polymers of biomass 

origin is one of the most promising routes to produce natural-synthetic polymer 

composites [21-271. I n this research work. we present the fabrication of naturally 

arCca nut leaf sheath as \\ ell as woven coconut leaf sheath and coconut stem fibers 

short tiber-rcinlorced polypropylene composites. The structural, mechanical. 

thermal and degradation properties of the composites are studied to lind out its 

potential towards diversified applications ranging from automotive to consumer 

products within the environmental legal framework. Again chemical treatment. 

gamma irradialion. hybrid matrix (polyvinyl chloride & Polypropylene), another 

matrix material (LOPE) and fire retardant chemicals are used on comparatively 

better quality of fiber among three lypes of fibers for enhancing the composite 
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quality. Nallo ALS cellulose is also prepared and used as filler in the gelatin-PVA 

film. The aim is to find oul the better quality of tiber and the optimum fiber volume 

fraction in the composite to maximize the mechanical. thermal and morphological 

properties, reveal trends ofditlcrcnt properties after using dirferent treatment. 
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Literature Survey, Aim of the Research Work and Prospects in 
Bangladesh 

2.1 Literatu re survey 

At firs!. composite tenn was used in 1500 B. C in the world. Long-lasting and 

strong constructions were prepared by Mesopotamian and Eg) ptians manufacturcrs 

and builders using a mixture of straw and mud. Strs\\ \\as commonly used to 

provide reinforcement in the ancient composite products such as boats and pouery. 

Concrete structure was started using different types of mortars and lime in 25 B. C. 

Manufacturers. builders. engineers and artisans were tried from the first time to 

develop the usages of the composites materials in a various field . 

Composite bows were firstly prepared using cattle tendons. horns. bamboo. \\ood 

and silk bonded with resinous materials by Mongols in 1200 AD. Composite item 

\\as developed afler using chemical ingredients in 1870-1890. Polymerization 

process was applied and synthetic resins were converted liquid state to solid state in 

a cross-linked molecular structure. Actual development of composite materials was 

started after the development of plastic materials (Kamrun N. Keya and el al .. 

2019). 

In the plastics industry remarkable amounts of fillers and reinforcements are being 

consistently applied ever; year. The utilization of these supplements in plastics is 

probably to increase with the initiation of advanced coupling agents as "ell as 

upgrade compounding technology that allow the utilization of excessive 

reinforcement or filler content (Katz and Milewski. I 987).Polystyrene. phcnolie_ 

vinyl and polyester etc plastic materials were first ly applied as reinforced in 1900. 

Using synthetic chemicals the plastic Bakelite was prepared and perfonncd beller 

comparatively other composite materials. But in case of structural utilization. plastic 

materials could not able to provide sufficient st rength and toughness of the 

structure. At first. Owens Corning introduced the glass fiber in 1935 and applied in 

the fiber reinforced polymer (FRP) industry. Fiberglass with plastic materials 

produced a surprising strong stmcture. In 1936_ UPR (Unsaturated Polyester 

Page 10 



ChapleT 2 

Resins) were patented and different higher quality resins were started to utilize from 

1938 (Ma)-Pat A. and el al .. 2013 and Uddin N. 2013). In 1992. an outstanding 

review on the technology of short fiber composite by Milewski comprises a 

variation of causes that outcomc in complications correlated with the properties of 

the composites. In case of the different properties of the fiber matrix composites, 

interaction between fiber and matrix. dispersion of fibers. hydrophilic nature of 

fibcrs and hydrophobic nature of matrix materials play an important role. 

No\\ adoys. composites are classi tied into two cacegories such as green composite 

and partly eco·rriendly composites. When all constituents of composites e.g. 

reinforced and matrix materials arc originated from renewable sources is called 

green composite. Man-made fiber or synthetic fiber wilh bio·polymer matrix 

material and namenl fiber \\ ith petroleum derived non biodegradable matrix material 

based composites arc known as partly eco-friendl) composites. Whereas both 

composites are called bio·compositcs and scientists are more concentrated on it 

(Pecas. P. and elal. 2018). 

Nowadays. compositc materials are utilized in vanous aspects as well as 

dependenc) or people on it is gradually increased day by day. Natural fibers are 

\'ery cost effectivc. rcnc\\able. strong. ceo· friendly. biodegradable, sustainable and 

it has good properties than that or synthetic fibers (Ma)-Pat A. and el al" 2013). 

ALS. CLS. CSF. jute. sugarcane. sisal. hemp. kenaf. banana. coiro bamboo. nax etc. 

natural fibers are renewable. rec)clablc. nonabrasive and provide better mechanical 

properties compared to synthetic fibers (Nguong CW and el al .• 2013). Natural 

fibers arC suitable LO use as rein forced materials in both thermoplastic and 

thcnnosetting composites. Epox). polyester. unsaturated polyester resin and 

phenolic etc. thcrmoscning resins arc widely used for producing composite 

materials and natural fibers sho\\cd better performance. 

Due to good characteristics e.g. 10\\ density, high strength and ecological 

advantages morc attention are growing on natural fibers among researchers. 

students. academicians and also in manufacturers as well as induslr). Again. 

bcc,lusc of the non-carcinogenic and bio-degradable properties of natural fibers 
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based composites, the uses of these composites are increasing day by day. About 

2.1 billion US dollar natural fiber reinforced composites used in different industr) 

and it is expected 10% of the usc of natural fibers in composite sectors will be 

increased aflcr 5 years. Though natural fiber has a lot of ad'antagcs (e.g. low cost. 

low density, renewable etc.), it has some disadvantages such as higher moisture 

absorption property. For this reason chemical treatment is important to reduce 

moisture absorption. Consequently. the mechanical properties of the natural fiber 

based composites arc significantl ) anected by several factors e.g. fiber-matrix 

adhesion. liber length and Jiber aspect ratio etc. (Kamrun N. Kcya and ef al., 2019). 

tJV and Gamma radiation is also used to increase the mechanical properties due to 

the intercross-linking between the neighboring cellulose molecules of natural fiber 

reinforced composites (Haydar U. Zaman and of aI., 20 10). The researchers, 

academicians and R&D of natural tiber based composite manufacturers have been 

stud) ing for thousands of years to devclop the mechanical and thermal properties as 

well as 10 increase the acceptability and to solve the limitations of the composites. 

2.2 Advantages of polypropylene (PP) 

rr is an inexpensive material that largel) prmides a collaboration of significant 

mechanical. thermal. electrical, physical and chemical effects not appeared in an:

other thermoplastic. It possesses an outstand ing dcgrcasing agent. electrolytic aflect 

and resistance to organic solvents. It exhibits minor impact strength. but its tensile 

propcrty and working temperatures are higher to 10\\ or high density polyethylene. 

In fact. it is light in weight. against to staining, and has a low moisture absorption 

rate. 'Iltus, this is a durable. semi.rigid material, heat-resistant. ideal for the transfer 

of hot liquids or gases. It is suggested for vacuum systems and \-\ here higher 

pressures and heats are encountered. It has outstanding resistance to alkalis and 

acids. but tinny aliphatic. aromatic and ch lorinated solvent resistance. 

2.3 Advantages of Low Density Polyethylene (LOPE) 

nlC adnHllages of using LOPE are· 

I. Low cost. 

2. Impact resistant from -40-C to 90'C, 
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3. MOI!)turc n:!)lst3nee. 

4. Good chemical resistance. 

5. Food grades obtainable, 

6. Readily proccs~ed by allihermoplastic methods. 

lA Classification of natu ral fibers 

ilhm.( Fihers 
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Coconut Leaf Sheath. Coconut Stem Fiber and Areca nut Leaf Sheath arc used 

in our research work. 

(a) (b) 

Figure 2.1 : (a) ALS. (b) CLS. (e) CSF. 

2,6ColUilosilion of flalural fibers 

(e) 

NillUrJ I fiber!) lIlain ly cOnlain cellulose. Curbon (44.440;0 ). hydrogen (6.17%), and 

oxygen (49.39°'0) arc present in cel lulos!.!. The chemical formula of cellulose is 
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(C,HMO,), where 'n' represents the number of glucose groups and meaning of ' n' is 

the degree of polymerization. The chemical stnoetur. of cellulose is 

Ii OH 

CHZOH 

, , 
I , H , , 
.... , 

o 

Ii 

CHZOH I 
I 
I 
I 

,-' n 

Figure 2.2: Chemical structure of cellulose. 

H OH 

Natural libers also contain pectic matters. lignin. hemicelluloses. aqueous extracl. 

fatty and \\ axy matters. 

2.7 Benefits of applying natural fibers in composites 

Natural fibers are used as reinforced materials in the composites. The benefits of 

appJ) ing natural fibers in composites are-

2.7 (0) Characteristics advantages 

I. Renewable 

2. Low density 

3. Strong 

4. Non abrasive 

5. Lightweight 

6. Sustainable 

7. Resilient 

2.7 (b) Ecological, social and economic advantages 

I. Eco- friend I) 

2. Bio-degradable 
, 

Employment generation ,. 
4. PO\\ cr-cfficient 

5. Agricultural economic 

6. Cheap 
Puxel /.J 
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2.8 Aim of the research work 

Cocos I1UCiji!I'G and A,.~ca catechu trees are frequently obtainable in the area of 

coastal in Bangladesh which provides enormous amount of stem fibers and leal:' 

sheath. These unusable and agro-waste fibers can be suitable elements in producing 

the composite materials and mms from nanocrystalline cellulose. The ultimate aim 

DC this research is to produce plastic like composite materials and renewable 

nanomaterial films with the help of these wastage materials which will be 

environmentally friendly usage in packaging. housing, shipping. aircraft . 

automotive. building and construction industries etc. 

2.9 I'rospects in Bangladesh 

In l3angladcsh. betel nut and coconut are cultivated almost all over the countt) 

whereas it is especially in the homesteads and farmlands of South-Eastern region 

(Nandi and el at.. 2019). Weather conditions are favorable for the cultivation of 

Areca catechu and Cocos nllci/era lrees in 1110St places in Bangladesh. For betel nut 

crop in 2017-2018 fiscal years. arca of under garden and area of outside garden was 

76.531.00 acrcs and 43,955.00 acres respectively (BBS 2018). Total area 

1.20.486.00 acres has been considered for the betel nut crop. The average) ield of 

areca nut leaf sheath fiber is about two-third of betel nut production of per trce per 

ycar. Total production of betel nut including inside & outside garden was 

2.15.783.00 metric tons in 2017-2018 fiscal years (BBS 20 18). Areca nut leaf 

sheath (ALS) fiber production was about 1,43,855.33 metric tons. According to 

Bangladesh Bureau or Statistics-20 18. coconut was cultivated over 1.32.202.00 

acres of land including area of under garden 10.365.00 acres and arCa of outside 

garden 1.21.837.00 acres which produces 4.66.975.00 metric tons of coconut in 

2017-2018 fiscal years. Annual, average yield of coconut stem fiber and coconut 

leaf sheath is about 75% and 5% of total coconut production of per tree 

respectively. So, coconut stem tiber and coconut leaf sheath production was about 

3.50.231.25 metric tons and 23.348.75 metric tons respectively in 2018. 

Coconut leaf sheath. coconut stem fiber and areca nut leaf sheath are useful and 

abundant materials in nature. Generally. these agro-fibers arc considered as agro
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\\ astcs which are randomly collected b) villagers in rural area and used for fuel 

materials and most of the unused agro-fibers are becomc a source of em ironmental 

pollution and waste generation. These use ful materials can be handled easily by 

applying technology and method. So. fibers can be collectcd properly and 

scientifically and used in agro-fiber based industries for multidimensional purposes. 

This sector would have a great impact on macro-economic circumstances like 

employment generation. poverty alle\'iation etc. 

Pagt! /6 



CHAPTER 3 



Chaplf!r J 

Structural and Morphological Characterization of Coconut 
Stem Fiber (CSF), Coconut Leaf Sheath (CLS) and Areca nu t 

Leaf sheath (ALS) 

3. 1 Abst ract 

Every year a large amount of agro waste materials are generated all over the \\orld. 

Proper management of agro waste is a great challenge. At first, it is important to 

know the characteristics of the waste items as well as the natural fibers. A 

perceptible and morphological analysis for three types of fibers (coconut stem liber. 

coconut leaf sheath and areca nut leaf sheath) has been investigated in this chapter. 

In additioll. FTIR studies of the fibers were executed for detecting the structural 

characterization in the region between 4000-620 cm- I
. Chemical compositions of 

the fibers were investigated by chemical analysis. Morphological investigations 

were also done to identify the surface characteristics of the fibers . 

3.2 Introduction 

Agro-fiber~ arc significantly being used as the reinforcements in composite 

materials. Its applicability has been dramatically increasing for hundreds of years 

r 11 · 13i1lion of tons of agricultural waste materials and agricultural crop residues arc 

produced annually in the world. For fertilizer and household fuel purpo,es a little 

amount is used and major portion is burned and some amounts arc allowed to rotten 

here and there. It is responsible carbon emission as well as air pollution. To 

overcome the situation. researchers. students. academicians and R&D sections or 
manufacturers are concentrated on it. The agro-fibers and agro waste Can be lIsed as 

reinforced material in both thermoplastic and thermoset composites and it will be 

economical and fruitful way to control environmental pollution. Comparatively 

natural fibers are better than synthetic or man-made fibers because of SOme 

propenies such as 10\\ cost. renewable. biodegradable. eco-friendly, low density. 

light \\eight etc. [2-4]. The utilization of natural fiber based composites are 

increasing day by day due to the finished products are non-carcinogenic and 

biodegradable. Based on source, natural fibers are classified into two types such as 

plant fibers and animal fibers [5J. Coiro jute. sisal, kenaf fiber, flax. abaca, bamboo 
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fiber. pineapple leaf fiber. bagasse. hemp etc natural fibers based composites .re 

already utilized in different engineering purposes. 

Coconut stem fiber. coconut leaf sheath and areca nut leaf sheath natural fibers are 

not used in composite material or any other engineering applicat ions. Every year a 

large amount of these fibers are produced but a little amount is used for household 

fuel purposes and major unused portion is known as agricultural waste materials 

[6J. In this stud). the stnoctural and morphological properties of the fibers __ ere 

investigated. These agricullural waste fibers can be used for preparing composite 

materials which will have a lot of engineering applications [7 J. 

3.3 Ex periment 

3.3.1 Fibers collection 

Coconut stem fibers and areca nut leaf sheath fibers were collected from coconut 

stem of Cocos Ilucifera lrces (coconut tree) and Areca catechu (areca nut tree) 

respeclivcly. Then the stem was soaked into water for t\\O weeks to oblain coconul 

stem fibers and areca nUL leaf sheath fibers. The water immersion made the coconut 

stem and arcca nut leaf sheath soft and weakened the bond between the fiber and 

the resin and waxy materials, which eventually helped to peeling off the loosen 

fibers fr0111 the resinous materials. The peeled off fibers were cleansed using huge 

amount of fresh \\ater and dried appropriately. Again, lhe coconut leaf sheaths 

fibers were collected from lhe coconut trce and which were found in mat form. 

Then the fibers were __ ashed 'lith fresh water and dried appropriately. 

3.3.2 Chemica l a nalysis 

It is important to know the chemical composition of the fibers. At first. the hard 

portion was discarded and almost uniform fibers [8-9) were taken. Then the fibers 

were cleansed with sodium hydroxide and soap flake for 60 minutes and washed 

__ ith fresh water and dried properly. For the identification of chemical composition 

(ollowing steps were followed. 
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AI 60'C lemperalure. Ihe dried fibers were heated wilh dislilled waler for 2 hours 

and Ihe fibers were isolaled by fillralion. For conSlant weigh I Ihe fibers were dried 

at IOS·C in an oven. The quantity of aqueous extract in the fibers obtains frolll the 

calculation of loss of weight. 

For I gm of dried fiber 100 ml benzene and alcohol was used maintaining 2: 1 ratio. 

Slirring inlermiuenlly and kcpl 10 sland for 10 hours. After 10 hours. Ihe mixlure 

was filtered and the fibers were separated from the solution. Then the separated 

fibers were cleansed several times with fresh benzene-alcohol mixture and" ith 

alcohol finally. The fibers were dried at I05"C in an oven for constant weight. 'me 
calculalion of loss of weighl during eXlraclion represenls Ihe quanlily of wax)' 

matters and fatty matters in the fibers. 

rhe dc-waxed fibers were dried and mixed with 0.5% ammonium oxa late solution 

in a beaker maintaining 100 ml solution for per gill fiber. Then the fiber mixed 

solulion healed for 72 hours in a healing manlle al 70-80·C. HOI dislilled waler was 

added all over the procedure to maintain the solution level constant. After 3 days. 

the fiber mixed solution was filtered properly and the fibers were cleansed perfectly 

using hOI dislilled waler. Then Ihe fibers were dried and evalualed Ihe amounl of 

pectic matters in the fibers obtains frolllthe calculation of loss of weight. 

The de-\\axed and de-pecliniscd fibers were dried al 105 'C in an oven and Irealed 

wilh 72% H2S04 (15 ml for 1 gm fiber) al room temperalure and slirring repemedl). 

Then Ihe mixlure was diluled 10 3% acid and kepI 10 sland for IWO hours. The 

mixture was rcOuxed and allowed to stand for over-night then sintered funnel was 

used for filtration. The residual pan of the sintered funnel dried at I05 'C in an oven 

represents the quantity of lignin in the fibers. 

13) the Irealmenl of bleaching agent. for inslance sodium chlorile all non cellulosic 

pans of the fibers were separated but a combination of chlorite hemicelluloses and 

a-ccllulosc (combinedly called halo-cellulose) was oblained. For I gm of dried de

peclinised and de-waxed fibers, 80 ml 0.7% sodium chlorile solulion (pH = 4) was 

added and stirring the mixtures for 90 minutes at 90-9S' C temperature. Then the 
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bufTer solution (pI! =4) of acetic acid and sodium acetate was added into the chlorite 

solution to keep the p" yalue constant maintaining I ml butTer solution for 10 ml of 

chlorite solution. I he solution was filtered and the fibers cleansed proped) with 

fresh \\atcr and 2~,'<t sodium meta-bisulphite solution was added and stirred the 

mixture for 15 minutes. Again filtered and cleansed perfectly and the chlorite holo

cellulose was obtained in the sintered funnel and dried at 10S·C till constant weight 

was attained. For every I gm of fiber. 100 ml of24% KOJI solution was mixed \\ ith 

the dried chlorite holo-cellulose and allowed to stand for 4 hours with stirring 

intermittently. Consequently, a-cellulose remained unresolved but hemicellulose 

wenL into solution. After fi ltration. a-cellulose was separated and cleansed with 2% 

acetic acid solution perfectly and linally washed \\ ith fresh water and dried 

proped). rhus the quantity of a-cellulose is obtained and the quantity or 

hemicellulose is achieved after the deduction of the \\eight of u-cellulose from the 

holo-cellulose. 

3.3.3 Fourier Transform Infrared Spectroscopy analysis 

ALS. CLS and CSF were ill\estigated by Fourier Tmnsform Infrarcd Spectroscopy 

\\ ith an attachment of atlcnuated total reflectance (ATR) accessory. Using a Perkin 

Elmer instrument the spectra wcre rccorded in the wave number ranges of ~.OOO-

620 em·l . 

3.3.4 Surrace morphology 

I'or the morphological analysis of the fibers. SF.M is an effective technique. 

Charactcri!itics morphology of fibers and their shapes are important for using as 

reinforced materials. The 1110rpholog) of fiber sur race plays an effective role for 

better interaction between fibers and matrix \\ hieh exhibits superior tensile 

properties. Hitachi S-4000 model field emission scanning electron microscope was 

used to investigate the surfaces of the ALS, CLS and CSF fibers operating at 5 kV. 

3.4 Results and Discussion 

rable 3.1 represents the chemical composition orthe CLS. CSF and AL fibers. As 

sho\\n in Table 3. 1, the highest amount of cellulose (ll - cellulose and 

Ilemicellulose) found ror ALS liber compare with other fibers and it was about 

fuf.!/! 21 
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75%. Ho\\ever. CLS fiber contained comparatively maximum amount of lignin. 

Again. aqueous portion of CSF was highest compare with another fiber. 

Table 3.1 : Chemical composition of Coconut leaf sheath (CLS). Coconut stem fiber 

(CSF) and Areca nllt leaf sheath (ALS). 

SI. % 
No. Na me 

CSF CLS ALS 

I Aqueolls Extract 5.52 0.53 0.72 

2 Pectic matters 1.75 0.880 1.15 

3 Fatly and waxy matters 5.91 2.86 5.06 

4 Lignin 22.54 27.97 19.59 

5 a - cellulose 46.26 59.39 66.08 

6 Ilemicelllliose 18.02 8.45 7.40 

Total 100 100 100 

3A.I Structural characterization 

The functional groups of the Iibers "cre in,estigated appl)ing FTIR anal)sis. 

Figure 3.1. 3.2 and 3.3 appeared the FTIR record of ALS. CLS and CSF fibers 

respectively where the bands at around 1734 em" and 1248 cn'-' corresponded to 

hemieelluloses [I OJ and the bands at around 3435 em" and 2930 em" corresponded 

to a-cellulose whereas the persisting bands belonged to lignin. The bands of CSF 

and CLS fibers at around 1734 em" and 1248 em" are strongly sharp than that of 

ALS fiber. Il may be due to the presence of higher amount of hcmicelluloses in the 

CSF and CLS fibers. Ilowever. the bands ofCSI· and CLS fiber at around 3435 em' 

'and 2930 em" are not strongl) sharp compare with ALS fiber. In this region ALS 

fiber represents more sharp bands and it may be due to the presence of 

comparatively higher amount of a-cellulose. 
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3.4.2 cunning Electron Microscopic analysis 
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... 

Surlace properties or every fiber arc identical as well as morphology is also 

dilTerenl. The morphological images of ALS. CLS and CSF are showed in the 

Figures 3.4. 3.5 and 3_6 respectively and from the interpretation of the figures it is 

observed that Figure 3.4 is more fibrous than that of the other fibers. It may be due 

to the presence of comparativel) lower amount of lignin in the ALS fiber and \\hich 

will bl.! responsiblc for bctter mcchanical properties. 

Figure 3.4: ALS Fibcr_ 
Page 2-1 
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Figure 3.5: CLS Fiber. 

Figure 3.6: CSF Fiber. 

3.5 Conclusion 

Some agricultural waste fibers such as CSF. CLS and ALS were examined b) 

chemically and morphologically. Structural characterizations of the fibers were 

analyzed by FTIR. After chemical analysis. it was found that ALS fiber contained 

highest amount of a - cellulose and lowest quantity of lignin than that of the other 

fibers, It will appear better adhesion bet\\een the ALS fiber and matrix materials. 

Morphological studies indicated that ALS fiber was more fibrous and some gaps 

wcrc found in the coconut stem fiber, Chemical compositions of the fibers were 

con finned by FTIR analysis. 



Cltupll!r 3 

3.6 References 

I. Obi Reddy K., Sivarnohan Reddy G .. Urna Maheswari c., Varada Rajulu A .. 

Madhusudhana Rao K., "Structural characterization of coconut tree leaf 

shemh fiber reinforcement". Journal of Foreslry Research. 21(1): 53-58. 

2010. 

2. MohanlY, A. K .. Misra. M .. Hinrichsen. G .. "Biofibers. biodegradable 

polymers and biocomposites: an overview", Macromolecular Materials and 

Ellgilleering. 276 : 1-24.2000. 

3. Rajulu. A. V., Babu Rao G .. Ravi Prasad Rao B., Madhusudana Redd) A .. 

He . .I.. Zhang. J.. "Properties of lingo-cellulose fiber hildegardia". Jounwl of 

Applied Polymer Sciellce, 84:2216-2221,2002. 

4. Maheswari. C. U., Guduri, B. R, Varada Rajulu A.. "Properties of 

lignocellulose tamarind fruit fibers", Joumal of Applied Polymer Sciellce. 

110: 1986-1989.2008. 

5. Sah.ri. J. and Sapuan, S. M .. "Natural fiber reinforced biodegradable 

polymer composites'. Rev. Adv. Maler. Sci., 30: 166-174,2011. 

6. Abdul Khalil, H. P. S .. Siti Alwnni. M .. Ridzuan. R., Kamarudin. H. and 

Khnirul. A .. "Chemical Composition Morphological Characteristics, and Cell 

Wall Structure of Malaysian Oil Palm Fibers". Poly. Plas. Tech. Ellg .. 

47:273-280, 2008. 

7. Mohanty. A. K .. Misra. M .. Drzal. L. T.. Selke. S. E .. Harte. B. R. and 

Hinrichsen. G .. Nalural Fibers. Biopolymers and Biocomposi/es (eRe Press. 

Boca Raton). 2005. 

8. Sarkar. P. B .. Mazurndar. A. K .. Pal. K. B .. "The hemicelluloses of jute 

fiber". Journal oflile Texlile Inslilllfe, 39:44-58, 1948. 

9. Moran. J. I.. Alvarez. V. A .. Cyr.s. V. P .. Vazquez. A .. "Extraction of 

cellulose and preparation of nanocellulose from sisal fibers". Cellulose, 15: 

149-159.2008. 

10 . Pandey. K. K .. "A study of chemical structure of soft and hardwood and 

wood polymers by FTIR spectroscopy", .Iournal Applied Polymer Sciellce. 

71:1969-1975, 1999. 
f'uge 16 



CHAPTER 4 



Chapter oj 

Study of Short Areca nut Leaf Sheath Fiber Reinforced 
Polypropylene Composites: Mechanical, Thermal and 

Morphological Analysis 

4.1 Abstract 

Natural fibers from agro wastes can be utilized as reinforced materials in the 

composites. Areca nut leaf sheath fibers were used with polypropylene to produce 

composite materials by compression molding technique. The chemical const ituents 

such as. lignin. a-cellulose and hemicellulose of the fiber was analyzed. Different 

percentages of ALS fiber (5 to 25 wt%) were used for preparing composites. The 

mechanical. st ructural . morphological and thermal properties of the ALS fiber based 

polypropylene composites were investigated, The water uptake was done to 

investigate the hydrophilic nature of the composites. In the soil medium. soil 

degradation test of the compositcs wCre performed up to 24 weeks, 10% fiber 

reinforced composites showed the maximum tensile strength and bending strength 

and it was considered an optimum fiber content. 

4.2 Introd uction 

Oecause of the renewable and biodegradable sourCe of agro-fibers, utilization of 

natural fibers as reintbrcing material to produce composites is increasing dn), b) 

day. People are concenl about environment and a lways trying to choose 

envirollment friend I) item. PP. rela tively a low-cost polymer, offers superior 

physical. chemical. mechanical. thermal and electrical properties compared to its 

counterpart thermoplastic polymers [I]. For example. PP shows higher tensile 

strength and enjoys a higher working temperature compared to low or high density 

polyethylene [2]. 

In Bangladesh. Areca catechu trees are abundant in the coastal areas - southern and 

western parts of the country. Beyond the obtaining its fruit. areca nut - an essential 

clement onen chewed along \\ ith the betel leaf - this tree generates enormous leaf

sheath. II hich is generally used as fuel for domestic cooking by poor rura l people. 
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Recent ly, this leaf-sheath has gained interest as a potential candidate for fabricating 

composite materials for a variety of applications. including interior design. and 

automobiles, among others [3]. Each year. large amounts of agro waste materials or 

agricultural crop residues are generated all over the world but very minute amount 

of them are utilized. Small portion of the agro waste materials are used for fertilizer 

preparation and for cooking purposes as a household fuel. The major unused agro 

\\8StC materials arc responsible air pollution. water pollution and overall 

environmental pollution. Researchers. students. academicians and related authorities 

are always trying to solve the environmental problem as well as to find out the 

fruitful way about the utilization of the agricultural waste materials [4·7 J. Agro 

waste materials can be used as reinforcement in the composite materials and it is 

accepted by the researchers and which will be helpful to control the environmental 

pollution [8·11]. Natural fibers are comparatively beller than the synthetic fibers. 

Uti li zation of natural fibers is increasing day by day instead of symhetic fibers due 

lO the awareness and consciousness about environment and health are growing in 

the mind of people. 

Natural fibers are renewable. biodegradable and eco·friendly in nature. Besides 

these the fibers arc strong. cheap, sustainable, low density and light weight which 

increased the acceptance level of natural fibers than that of synthetic fibers. Natural 

fiber based composites are non.carcinogenic and have no health hazards. 

Consequently. researchers are more concentrated on natural fiber based composites 

[12-19]. Abaca. bamboo fiber, bagasse. pineapple leaf fiber, flax. hemp. coir, s isal, 

kenaf fiber. jute etc. natural fibers are widely used as reinforced materials in the 

composites. Natural fibers are also classified into two c.ategories such as plant fibers 

and animal fibers. Plant fibers are renewable. biodegradable and low cost raw 

materials for composite preparation. Again these fibers are light in weight than that 

of carbon and glass libers. Light weight and low density of the natural fibers are 

beneficial in the different manufacturing sectors. Due to the availabil ity. good 

mechanical and thermal insulation properties. natural fibers reinforced composites 

are used various construction fields [20·21 J. 
Page 29 
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Areca nut leaf sheath fiber is a natural plant fiber which is produced from areca nut 

leaf sheath of Areca catechu (areca nut plant). Areca nut leaf sheath is one t) pc of 

agro waste material causes ell\ ironmentul pollution. In the previous years. ALS 

fibers are not collected and not used in the composite fields. In this study, we would 

like to utilize thc areca nut leaf sheath due to the biodegradability. renewable. eco

friendly. sustainable. low cost. light weight etc. properties of the fibers which will 

enrich the composite engineering fields on the other hand it will be helpful to 

control the environmental pollution. ALS fibers reinforccd composites are 

environmcntally friendly and call be used for packaging. building, construction and 

automobile [22-261 etc. 

4.3 Experimental 

4.3.1 Materials 

From Polyolefin Company Private Ltd. of Singapore. polypropylene was purchased. 

To impart actual and homogeneous adhesion between fibers and matrix. particle 

size should be smaller. To get small particle (50-60 ~m) of PI' (figure 4.1. d). using 

grinder I'P granules \\cre grinded. Areca nut leaf sheath (figure 4.1. a) was soaked 

into \\atcr for 15 days to obtain areca nut leaf sheath fibers (figure 4.1. b). The 

water imlllersion made the areca nut leaf sheath soft and weakened the bond 

bet\\een the fiber and the resin and "axy materials. which eventually helped to 

peeling off the loosen fibers from the resinous materials. The peeled off fibers "ere 

cleansed using huge amount of fresh and pure water and dried appropriately. 

Using hand scissors. the fibers wer..: cut into 2-3 mill si7e (Figure 4 1. c) and all 

dirt's were taken oul from the fibers with the help of mesh. Again. the fibers were 

cleansed using fresh and pure water, Then the cleansed fibers were dried 

appropriately. Before the composites fabrication the fibers were vacuum-dried for 5 

hours at 100' C temperature. 

Page J(} 
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Ca) Cb) 

Ce) Cd) 

Figure 4.1: Images of areca nul leaf ,healh (a). ALS fiber (b), chopped fiber (c) and 
PP pO\\der (d) . 

~.3.2 Chemical configuration of AlS fiber 

Areca nUl leaf sheath fiber conlain~ 0: - cellulose. hemicellulose. pectic mallers, 

aqueous extract. lignan and fatl)' and \\ axy matters and the amount of these 

components arc :-.ho'\" 111 the Table 4.1.7.40% hemicclluloscs. 19.59% lignin and 

66.08% (l cellulose arc present in the tiber. Small particles of cellulose of areca 

nul leaf sheath fibcr:-. are cemented and surrounded together by hcmicclluloses and 

lignin. 

I'ug" .J I 
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Table 4.1 : Chemic"1 compositions of ALS liber. 

SI. No. Name % 

I a - cellulose 66.08 

2 Lignin 19.59 

3 Hemicellulose 7.40 

4 Pectic matters 1.15 

5 Fall) and waxy matters 5.06 

6 Aqueous extract 0.72 

Total 100 

4.3.3 Composite preparation 

Compression molding was used to make the PI' matrix-based composites. A family 

of Ii\ e formulations of ALS liber (5%. 10%. 15%. 20% and 25% liber) reinforced 

PP composites was prepared b) varying the fiber content as shown in the Table 4.2. 

All formulations were made using moulds in the heat press under 5 bar 

consolidation pressure and 190 C temperature for 5 min. The model of heat press 

was 3856. Carver. INC. USA. Ailer 5 minutes. in a separate press the moulds were 

cooled do\\ n to room tcrnperature under 5 bar pressure. The prepared composite is 

shO\\n in the Figure 4.2. 

Table 4.2: The composition of the different composites. 

formulation no. Weight percentage of ALS and PP in different composites 

n 5% AI.S + 95% PP 

F2 10% ALS + 90% PP 

F3 15% ALS + 85% PP 

F4 20% ALS + 80% PP 

1'5 25% ALS + 75% PP 
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Figure ~.2 : Finb,hcd prodlH;t (compos ite). 

4.3A T and BS test 

Using an electro~mccha",ca l tesllIlg mach1lle. mechanical properties of the 

composites (F I- FS) \\cre performed unch.:r a maximum load capacity of SkN with a 

gauge length or20 mm and crosshead speed of 10 mm/ min. But, in case of bending 

properties. Ihe crosshead speed was set at 10 111m/min with a span distance of 40 

mm. Tensile and bending tests were performed following DIN 53455 and DIN 

53452 standards methods, respectively. r 1\ c specimens for each snmple were 

examined in the instrument. 

4.3.5 \Vater uptake 

Water uptake analysis \\as done by soaking the pre-weighed dried FI-F5 

cOmpo:,ite:, in the di:,tilled water at 25 C temperature. After recording the initi al dry 

wcight, the samples \\ ere soaked intO \\ :l1cr and kept for a fi xed period and then 

rcmo\'ed from "ater and wiped out the excess surface water using tissue paper, and 

lhe wet \\ eigh t (final \\ eight) W;IS taken. The equa tion of calculation of water uptake 

wI-wI 
is - Water uptake = .100 ........................ (I) w, 

Where, WI IS the inilial weight of the :,amp!c:,. and WI' is the linal weight of the 

samples after fixed time. 

~.3 . 6 Oegradation lests of the composites 

Cellulosic matcrhil undergoes dc..:teriomtion "hen buric..:d in l110isturiled soi l (at least 

25% ). To investigate soil degradation prolilc of the composites, F J -F5 composites 
Page JJ 
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were carried out for six months burying the samples in humid soil. Alter sct time 

point. the samples were taken out. cleansed with fresh water and dried for 8 h at 

80°C temperature. -nle variation of TS was intermittently observed in order to 

compute the degradable nature oflhe composites in this humid condition. 

4.3.7 fourier Transform Infrared Spectroscopy an.lysis 

100% Pol)propylene and F2 composite were investigated by Fourier Translorlll 

Infrared Spectroscopy with an attachment of ATR accessory. The spectra were 

recorded in the wave number ranges of 4.000-600 cm" using a Perkin Elmer 

instrument. 

4.3.8 TGA and DSC analysis 

In the material of the composites. the physical changes are occurred due to the 

eITects of temperature (27). The thermogravimctric analysis (TGA) and differential 

scanning calorimetry (OSe) of the PP and the optimized composites were 

pcrfonned to find out the physical changes. The increasing rate of temperature \\as 

20~)C/l11 in under inert nitrogen atmosphere and maximum temperature was 900°C. 

4.3.9 SEM analysis 

Surfilce morphology pia) s an imponant role in case of composite type llIaterials. 

ror the morphological analysis of the composites, SEM is an eITective technique. 

The strong interaction between fibers and matrix exhibits superior ten si le 

properties. The compatibility and distribution bel\\een the fibers and the matrix 

materials could be found using SEM analysis. S-4000 model of I Jitachi brand rield 

emission scanning electron microscope was used to investigate the fracture surfaces 

ofthc tensile specimens of both F2 and F5 composite samples operating at 5 kY. 

4.4 Results and Discussion 

4.4.1 Mechanical features of the composites 

The mechanical propenies including. tcnsile strength. bending strength and 

elongation at break were calculated, and the results are presented in the Figures 4.3. 

4.4 and 4.5. As observed from the Figure 4.3. the highest tensile strength (28.7MI'a) 
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"as lound lor F2 fonnulation. The tensile strength values were progressively 

reduced with increasing fiber content beyond 10% (such as. 15. 20. and 25 wt% for 

1'3. 1'4 and 1'5. respcctively). The similar situation was found for bending strength. 

In the Figure 4.4. F2 composite appeared the highest value (46.9MPa). 

Interestingly. from F I to F2 ionnulation, the value was enhanced. hy contrast. the 

bending strength values were continuously decreased from F2 to F5. 

Figurc 4.5 clearly showed that percentage elongation at break (%) was decreased 

with increasing fiber content in the composites. The highest Eb% value (15.2) was 

obtained for FI composite and it was 13 .8. 11.6.8.9 and 6.4 % for F2, F3. F4 and 

F5 composites respectively. 

The ratio between fiber and matrix in the composites is very imponant and the 

amount of fiber present plays a great role to reinforce the mechanical properties. 

The highest tensile strength and bending strength was found for F2 fomlUlation of 

10% fiber with 90% PP due to the better fiber-matrix adhesion. A declining trend of 

TS and as of the composites was appeared above 10 percentage fiber content in the 

composites. which can be ascribed to the fact that interaction between fiber and 

matrix increased from 1'1 to 1'2 fonnulations and gradually decreased from F3 to F5 

fonnula1ions. 
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Figure 4.3: TS of dillerent % of fiber content composites. 
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Figure 4.5: Eb of different % of fiber content composites. 

4.4.2 \\'~'Ier absorption of the composiles 

30 
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Waler absorplion \alues of lhe F I. F2. 1'3. 1'4 and F5 formulaled composiles \\cre 

computed. The hydrophilic nature of the fiber innuences the water absorption 

capacity. The subtraction value of initial weight fr0111 the final weight indicates the 
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\vater uptake value. The water uptake profile of all samples is presented in the 

figure 4.6. For all samples. water uptake initially was gradually increased over time 

and then reached to a plateau value. For 1'3. F4 and F5 samples. water uptake 

reached equilibrium value alier 30 h, whereas. F I and F2 samples experienced 

equilibrium water uptake after 20 h of soaking. The lowest water uptake value was 

obtained for 1'1 sample (0.15%). \\hile. the highest value was recorded for 1'5 

sample (0.27%). both after a time pcriod 60 h. The highest water absorption for F5 

sample may be due to the higher amount of hydrophilic fiber content. On the other 

hand. 1'2 sample showed a nearly minimal level of water absorption (0.15%). 
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Figure 4.6: Water uptake profile of different composites against soaking time. 

4.4.3 Soil burial test 

A soil burial test was perfonned to investigate the degradation trend of the samples 

in soil media for lip to 6 months. Figure 4.7 showed the Tensile Strength values 

against time (maximum 24 weeks). In case of all samples. Tensile Strength values 

\\cre declined slowly with degradation time was observed from the above figure. At 

the end of soil burial experiment. 1'1. 1'2. 1'3. 1'4 and 1'5 samples reduced nearly 33. 

20. 35. 37 and 42% of TS. It is observed that TS properties of the F2 fonnulated 
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Figure 4.9 : FTIR spectra of F2 composite. 



4.4.5 TGA and OSC o J}er imcnt 

The the rmal chantctensttcs of pure polypropylene and F2 formu lated composite 

\\cre evaluated by TOA and DSC and pre~elllcd in Figure 4.10 and Figure 4. 11 

respccti\ ely. A'!t sho\\ n III Figure 4 .10. the degradation process of polypropylene 

:-.tancd al abOlIl 380 C and :11 500 C temperature. 98.]3°'0 mass change \'as 

completed. Il o\\c\cr. in case of composite matenal, the decomposition of thi.' 

composite started earlicr (280 C) compared to thc polypropylene matrix and 

10.3 % degrada tion \\35 completed at 420"( temperature which might be due to the.: 

interaction bct\\ccn fiber and mutr;", material of the composites (Figure 4.11). DSC 

scans rc\ealed the prolilc of melting charactenstics of matri, and composite 

materials . Figure 4.10 and 4.11 shO\\cd Ihal Ihe DSC scans of the polypropylene 

mat rix and optimi/cd composite respeclhcly and rc\caJed that cndothermic 

reactions \\cre occurred for matri, as \Veil as composite materials and 477.2 C and 

477.6 Cheat cOIl'iulllcd respectively. 
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Figure 4.11: TGA and DSC of F2 compo~ite. 

"'..&.6 Scanning Eleelron Microscopic test 

Morphology properties of F2 and FS formulated composites \\ere analyzed by SEM 

(Figun: 4.12 and Figure 4.13). SEM c\aminations showed tlUlt adhesion betwcen 

fiber and matrix of the both c01l1posite~ \\3!> not ~imilar . Adhesion between fihcr 

and matrix increased for 5% to 10<!"o fiber content but decreased for above I 0% of 

fiber content in the composite~. Con~l'qllent l y. some gaps were observed for 25% 

tiber formulated (F5) composite. Whereas no gaps \\US obser\'ed between tiber and 

matrix f'or 10% fiber formulated (F2) composite, indicat ing that a better liber·matrix 

adht:sion was occurred. and which ultimately lead to higher mechanical propenie~. 

Figure"'.12: F2 composite. Figure "'.13 : F5 composite. 
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4.5 Conclusion 

ALS short fibers reinforced PP composites were produced using compression 

molding technique. The effect of fiber content in thc composites was evaluated via 

\later uptake. mechanical. morphological. thermal and soil degradation test. The 

10% fiber content was found to be optimum which leads to better mechanical 

propenies. SEM images indicated that higher fiber contcnt. beyond 10% fiber 

content. introduced poor fiber·matrix adhesion, which eventually was responsible 

for declining trend of mechanical propenies above optimum fiber content. Soil 

degradation test also revealed better resistance to soil degradation of F2 sample over 

degradation time. Based upon the above results. these nevv composites could be 

used in many applications including. packaging. furniture. housing and aviation. 

shipping and automotive sectors. 
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Preparation and Characterization of Naturally Woven Coconut 
Leaf Sheath (CLS) Fiber Reinforced Polypropylene Matrix 

Based Composites 

5.1 Abstract 

In pol) mer matrix composites. renewable materials have gained outstanding 

attractiveness as reinforcement. By compression molding naturally woven coconut 

leaf sheath (elS) fiber-rcinforced polypropylene (pr) composites were produced. 

DifTerent weight percentages of CLS fiber (5. 10. 15. 20 and 25 w(%) were used for 

preparing different composites. Hydrophilic nature of the CLS fiber was assessed 

uti lizing water uptake test and revealed strong hydrophilicity by gradually 

absorbing water until it reaches to a constant water uptake value of 150%. Structural 

characteristic of the composites were established by infrared spectrophotometer. 

Mechanical performance was analyzed applying tensile and bending tests. Fiber 

reinforcement importantly intensified the mechanical properties of the composites, 

and the optimum improvement of strength and stiffness \\as achieved for the 10% 

fiber content. Moreover, thermal propert ies, and degradation character of the 

composites were analyzed. Addition of fiber decreased the thermal stabi lity of the 

composites. Degradation test of the composites were executed up to six months in 

soil medium at ambient condition and appeared slow degradation of mechanical 

propenies over time. 

5.2 Intruductiun 

World is now going towards natural things. Environmcntal polices or developed 

countries are intensif) ing the pressure on producers to observe the environmental 

effect of their products. Therefore. the interest in utilizing natural fibers as a 

rcinforcement of polymer-based composites is increasing mainly owing to its 

renewable origin (Mohanty and et al., 2000). Polymer matrix composites are 

finding widespread applications in chemical industry and many other areas as 

struclUral materials (Minai and el al .. 2016). In current years, a significant 

attentiveness has been generated in the usc of agro-fiber as substitute of synthetic 
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fiber (e.g .. carbon and glass) in the evolut ion of polymer matrix composites owing 

to their more favorable properties such as low density. non abrasive. stiffness. high 

specific properties. non britt leness. and environment as well as economic 

advantages such as biodegradable, abundant all over the world, generate rural jobs. 

non.food/agricultural based economy, low cost. low energy consumption and 

utilization (Riccieri and el al .. 1999: Woodhams and el al .. 1984). Throughout the 

past two decades. natural fibers have been appl ied in many applications and 

industries including in consumer goods. low·cost housing. automotive. aircrdft. 

paper industries. textile as well as building and construction industries replacing 

(Vaid)'a and el 01 .. 2008). Extensive studies has been carried out on lignocellulosic 

fibers such as sisal (Kuruvilla and el al.. 1996; Oksman and el al .. 2001) jute (De 

Albuquerque and el al .. 2000), pineapple (Abdullah·AI·Kafi and el al .. 2006: 

Wisiuanawata. S. Thanawanb and T. Amornsakchai. 2014; George and el al .. 

1998), banana (Srinivasana and el al., 2014; Benitez and el 01 .. 2013: Pothan and el 

al .. 1997), bamboo (Kabir and el al., 2014). vakka (Murali Mohan and el al .. 2007). 

date (Mohamy, S. N. Das, 1-1 . C. Das and S. K. Swain, 2013) and oil palm empt) 

fru it bunch fibers (Rozman and ,I al., 1999: Abdul and el al., 2007), and the results 

have shown that lignocellulosic fibers can be used as an effective reinforci ng agents 

because of its several advantages compared to their S) nthetic counterparts. 

Mentionable here that coconut palm (Cocos Ilucifera. Linn.). a va luable tropical 

assets for food and cnergy, is plenteous in the coastal districts of Bangladesh. The 

coir fibers. ohtained from coconut palm, are being used to make a diversity of 

materials containing carpets and mats. Ilowevcr. there are plenty of other parts of 

the palm other than coir from which fibers can be taken out but arc not recently 

utilized as assets for materials in a systematized method. In fact, all of these fibers 

arc currently used as fuel in the rural area. a utilization which does not take 

superiority of their high length to diameter ratio. Some of these fibers occur in 

nature so far in woven form e.g. leaf sheath (Figure 5.1 (a) and b), which can be 

rcadi!) infused with plastics Or cement. In order to find better utilization of coconut 

leaf sheath (CLS). especially as IiIlers or reinforcement in comparatively low cost 
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applications (where high strength or high l110dulus is not required) it is required to 

assess the properties of fiber-reinforced composites. 

As such, sandwiching this fiber with thermoplastics could offer a strategy for 

producing advanced composites based on end-use prerequisite within a framework 

of 10\\ cost. recyclabi lity, avai lab ility, bio-degradabili ty and environmental 

consideration. Moreover. thermoplastic matrix materials are the most princip~iI part 

of a composite. Polypropylene (PP) is an amorphous thermoplastic polymer and are 

extensively using as engineering thermoplastic because it possesses various 

essential and elTcctive properties such as transparency, dimensional stability. flame 

resistance, high heat distonion temperature. and high impact strength. In addition. 

PP is cxtn.:mely satisfactory for fil ling, reinforcing, and blend ing. PP with fibrous 

natural polymers of biomass origin is one of the Illost favorable routes to generate 

natural-synthetic polymer composites [Dey and ef 01 .. 20 I I ; Garcia and ef 01 .. 2005; 

Karmaker and G. Hinrichsen, 1999; Khan and ef 01 .. 2001; Bledzk and ef 01 .. 1999; 

Wambua and ef 01 .. 2003; Czvikovszky. 1995). Taken as a whole. in this paper. we 

present the fabrication of naturally woven coconut Icarsheath shon fiber-reinforced 

pol) prop) lene compositcs. The structural. mechanical, thermal and degradation 

characters of the composites arc studied to observe the potentiality IO\\fIrds 

diversified application within the cnvironmenlallegai framework. 

5.3 Experiment 

5.3. I Materials 

PP \\ as procured from Polyoiefin Company Private Ltd., Singapore and was 

grinded to small panicles (50-60 ~m) for appropriate and homogeneous matrix

fiber adhesion. Coconut leaf sheath fibers were collected from the rural area of 

Bangladesh and chopped into small pieces (2-3 111111) using hand scissors (Figure 

5.I(c)) and all din's were taken out from the fibers with the help of mesh. Before 

the composites fabrication the fibers were vacuum-dried at IOO·C for 5 hours. 
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5.3.2 Composite preparation 

The PP matrix based unidirectional composites were prepared by compression 

molding. At first, with the help of cleaning agent, the mould was cleansed. Then the 

dried CLS short 10 wt% fibers with PP were used to prepare composites according 

to the ratio of fiber : PP ~ 5:95, 10:90, 15:85, 20:80 and 25 :75. All fonnulations 

\\ere made using moulds in the heat press under 5 bar consolidation pressure 

and 190' C temperature for 5 min. The model of heat press was 3856, Carver, INC, 

USA. Aller 5 minutes. in a separate press the moulds were cooled down to room 

tcmperature under 5 bar pressure. Figure 5.1 (d) shows the final composite product. 

Ta ble S. J: The composition and mechanical properties of the different composites. 

Formul Mechan ica l properties· 
alion Weight perccnhlge 
No. ofPP lwd CLS in 

different compos itC$ 
Tensile Tensile Bending Bending Elonga tion 

sirength modulu.s strenglh modulus al brenk 
(MPa) (MPa) (MPa) (MPa) (%) 

FI 95% PP + 5% CLS 10.81 ± 1.2 103± II 3S.20 ± 3.5 220 ± IS 24. t t ± 2.3 

F2 90% PP + 10%CLS 26.86 ± 2.3 278 ± 13 4S.5S± 2.6 S2S ± 12 19.97 ± 3.5 

r' ., 85% PP + 15%CLS 16.33 ± 2.5 204 ± 8.2 34.24 ± 2.7 386 ± 18 18.99 ±2.6 

F4 80% PP + 20% CLS 9.47 ± 1.5 109 ± 7.8 32.21 ± 1.1 209 ± I I 18.I S± 1.8 

PS 75% PP + 25% CLS 8.10 ±1.0 96 ± 8.3 28.63 ± 1.3 182 * 13 18.06 ± 2.1 

Data represent mean ± SO 
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Figure 5.1 : (a) Coconut palm, arrows sho\\ \\ oven leaf shcalh. (b) Naturally woven 

I.:OI.:Olllil le,lf sheath. (c) choppcd coconut lcaf sheath; and (d) chopped coconut leaf 

shcath~ rcinforced PP composite. 

S.3.3 Wilier uplllke of Ihe CLS liher 

The \\ ater uptake of the CL libcrs was periodically monitored up to 10 days b) 

soaking the prc-\\cighed dried samples in thc distillcd watcr at room temperature. 

The sal11p l c~ \\cre rcmo\cd timc to timc. lightly \\iped to taken out surface water 

~md weighed. The: equation of calculation of \\ ater ahsorption i ~ -

W· ' b ' . - W,-WI 00 ,Iter u sorpllon - -- . 1 ........................ ( I ) w, 

Where. Wi is the initial wdght o f the samplcs. and Wf is the final \\e ight of the 

samples after fixed timc. 

5.3..1 FTI R anal),sis 

The structural analysis of the PP and composites was conducted applying a Perkin 

Elmer Fourier transfonn infrared (FTIR) spectrometer \\ ith an attachment of 

attenuated IOta I rclleclance (ATR) accessory. The spectra \\ ere appeared 0\ t.:r the 

ru nge of 4000-600 em ·1 at a rc~olution of 4 em 1. 
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5.3.5 Mechanical properties of the composites 

Using a universal testing machine (model 1150 KS-0404_ iiounsfield Series S_ UK) 

with a load capacit)' of 5000 N at a crosshead speed of i 0 mm/min and gauge length 

of 20 mm_ the tensile properties of the composites (F I-F5) were measured 

according to DIN 53455. The three point bending tests were executed at a crosshead 

speed 10 mm/ min. and span distance 40 mm, according to DIN 53452. The average 

results of minimum five samples for each composite were reported. 

5.3.6 Surface morphology 

For the morphological analysis of the composites. SEM is an effective technique. 

Surface morphology plays an important role in case of composite type materials. 

The compatibility and distribution between the fibers and the matrix materials could 

be found using SEM analysis. The strong interaction between fibers and matrix 

exhibits superior tensile properties. Hitachi S-4000 model field cmission scanning 

electron microscope was used to investigate the fractllre surfaces of the tensile 

specimens ofF2 and F5 composites operating at 5 kV. 

5.3.7 Thcrllllll analysis 

The thermogravimetric analysis (TGA) and DSC of the PP and optimi7ed 

composite were performed to find out the physical changes occurring in the material 

of the composites due to temperature effects (Monteiro and el al .. 2012). The 

increasing rille of temperature was 20°C/min under inert nitrogen atmosphere and 

maximum temperature was 900°C. 

5.3.8 OegnldBtion test of the optimized composite 

The degradation test of the optimi.lcd composite was executed for six months 

burying the samples in humid soil whose moisture level was at Icast 25%. Aller set 

time point, the samples werC taken out. cleansed with fresh water and dried at 80°C 

temperature for 8 h. The variation of tensile slrength and tensile modulus (stiffness) 

was intcrmittently observed in order to compute the degradable nature of the 

composites in this humid condition. 
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5.4 Results aDd Discussion 

5.4.1 Water uptake of the CLS fiber 

The hydrophilic nature or the fiber influences the water retention capacity. Figure 

5.2 shows the water uptake profile of the CLS fiber submerged in distilled water at 

rOOm temperature for dilTerent time periods. Initially. the fiber gradually absorbed 

II ater and reached a plateau value of 150% afler 8 days. It is well known that 

hydrox)I groups (-011) present on the surface of the flbcrs are responsible for watcr 

absorption (Rahman and el al., 2007). As shown in the Table 5.2, CLS contains 

about 70% cellulose (Poddar and el 'Ii .. 2016). n,e cellulose structure of CLS 

possesses a lot of -OH groups. These hydroxyl groups are responsible for the strong 

hydrophilic character of CLS. At this state. the cellulosic -OH groups are very 

reacti,e and they form strong hydrogen bonds being able to preserve water (Mishra 

andelol.. 2003). 

Tnble 5.2 : Chemical compositions ofCLS fiber. 

Components % 

Aqueous extract 0.53 

Fatty and waxy matters 2.86 

Pectic matters 0.80 

Lignin 27.97 

CL - cellulose 59.39 

Ilemiceliulose 8.45 

Total 100,00 
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Figure 5.2 : Waler uptake profile ofn.turall) \\oven coconut leafsheath (CLS) 

soaked in distilled water for diOerent time period. 

5.4.2 Structural characterization 

Naturally woven CLS short fiber-reinforced PP composites were fabricated varying 

tho fiber content from 5 to 25 \\t% .• nd the five formulations. name I),. FI, F2. F3, 

F4 and F5 were presented in the Table 5.1. The FTIR spectra of rr and F2 

composite were illustrated in Figure 5.3 and 5.4. respectively. As shown in Figure 

5.3. the fingerprint region of pure PP was observed from 1455-600 cm·'. 

panicularl)' 1455 and 997 cn,-'attributed to C~ stretching and C-H bending 

vibrations. respectively. The peak observed aI 2916 em" assigned to C-II stretching 

\'ibration. rhe spectrum of composite showed a peak at about 1740 em'l associated 

to carbonyl (C=O) stretch ing of acet),1 groups of hemicellulose in the natural CLS 

fiber (Cantero and el al., 2003). along with characteristic peaks of PP (Figure SA). 
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Figure SA: FTIR spectra of optimiLed composite F2 (90% PP + 10% CLS). 
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5.4.3 Mechanical properties orthe composites 

Mechanical propeny of the compositcs is an important factor for the application or 

interests. As such, tensile and bending tests of the composites were done to measure 

the strength and stiffness of the composites. Figure 5.5 showed typical stress-strain 

CUI"\'CS for the composites. All composites exhibited non-linear stress-strain curves 

demonstrating ductile behavior. The tensile strength (TS). bending strength (BS) 

and elongation at break (Eb%) or the composites were presented in Figure 5.6 (a) 

and tensile modulus (TM) and bending modulus (BM) of the compositcs were 

presented in Figure 5.6(b) and corresponding data were shown in Table 5.1. It was 

found that fiber reinforcement occurred improving the strength and stiffness of the 

composites. The increase in fiber content from 5 to 10 wt% resulted in both 

increased tensile and bending strength . The highest TS and BS values were 

obs.ned for 1'2 (90% PI' + 10% CLS) and was considered as an optimized 

composite. Interestingly, higher amount of liber content (> 10 \\t%) reduced TS and 

BS of the 1'3. F4 and 1'5 composites. From 1'1 to F2 formu lation. the TS and BS 

values were enhanced, particularly significant increase of TS, while as, they were 

gradually declined Irom 1'3 to F5 formulations. As observed from Table 5.1 and 

Figure 5.6 (a). the highest TS and BS values of 26.86 MPa and 45.55 Ml'a. 

respecti' ely. was found for 1'2 formulation. Elongation at break (Eb%) is one or the 

significant mechanical properties of an) engineering material. As a \\hole, the 

composite showed lo\\er elongation at break for all formulations. This phenomenon 

might be owing to the low elongation at break (%) or the CLS fibers compared to 

the matrix pro No appreciable dissimilarities were found with the variation of fiber 

content. 

The significant enhancement in the tensile and bending modulus of the composites 

was obtained with increasing fiber content from 5 to 10 wt%, as shown in Figure 

5.6 (b). Beyond 10 wt% fiber content. the composites exhibited a decreased 

modulus with loading up to 25 wt% fiber content. Likewise strength. F2 

formulation sho\\ed the maximum TM and BM values of 278 MPa and 525 MPa. 

respectively. A 10 \\t% fiber loading increased correspondingly 170 and 140% of 

TM and BM of the composite. 
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Figure 5.7: SEM images 01" (a) optimized composite F2 (90% PP + 10% CLS) and 

(b) F5 composite (75% PP • 25% CLS). 

It is expected that \\ ith the 10 wt% of fiber reinforcement. the fibers are capable to 

provide to the effectual stress transfer between fibers and the PP matrix and 

concomitantly increases the tensile strength. The improvement in the strength is 

attributable to the strong intcractivity between fibers and the PP matrix. as 

evidenced by a scanning electron micrograph being taken on fracnlre surface of 

optimized composite containing 10 wt % fibers (Figure 5.7(a» . It is worthwhile to 

mention that the properties of hybrid composites depends not only the properties of 

individual reinforcing fibers but also the orientation and arrangements pattern of the 

libcrs. fiber-matrix adhesion etc. The decreased strength and stiffness at higher CL 

fiber content (15 to 25 \\t%) could be ascribed to tinny adhesion between the fiber 

and the matrix. which encourages micro crack origination at the interface. A higher 

fiber content resu lts in more (and probably larger) void origination through 

processing. which leads to micro crack origination under loading and therefore 

decreases the strength (Thwe and el al .. 2002). SEM images of fracture composite 

with 25 wt% fiber cOntent showed larger fiber breakages and gaps as well as 

delamination suggesting the reduced matrix to fiber interactions and dispersion 

problems (Figure 5.7 (b». On the other hand. at 10\\ fiber content (5 wt %). short 
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fibers added may act as defects which can prol1lOle crack formation. hence reducing 

the strength (Soykeabkaew and el al .. 2004). 

From the o'vcrall results of Figure 5.6 (a) ~Tld (b). it is concluded that 10 wt % is the 

optimum amount of fibers \\ here TS. TM. as and RM are recorded highest 

amongst the respecti\'e fiber composites. 

5.4.4 Therma ll1rOI)erl ies Of the composites 

Thermal characteristics of the rp matrix (granules) and the optimized composite 

(10 wt % fiber) were evaluated by TGA and IlSC. The thermograms of both PP 

granules and opti rni/ed composite were presented in Figure 5.8 and 5.9. 

respectively. As sho\\ n in Figure 5.8. the degradation process of PP started at about 

380°(' and al SOO°C temperature 98.73% mass change was finished. However. the 

decomposition or the composite started earlier compared to the PP matrix which 

might be ascribed to the interaction bet\\een fiber and matrix material (Figure 5.9). 

The addition of fibers decreased the thermal Sln:ngth of tht: compositc.:s. As secn 

from the thermogravimetric curve of composite, the mass change started at 320°C. 
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Figure 5.8: TGA and DSC or polypropylene. 
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Figure 5.9: TGA and DSC orop'imi/cd composi<c F2 (90% PP +10% CLS). 

rigUfC 5.8 and 5.9 rc\calcd that the mclting profile of composite did not change 

significantly. Only a little displacement was obscncd in respect [0 nem PP. The;: 

DSC scans of the PP matrix and composite sho\\ed peaks of melting at 15 1.7 and 

150.3°e. respective ly. The temperature pcnk of melting slightly decreased because 

of the in nuenct! or added li bcrs. showing an interaction between libcr and matrix . 

SA.S Soil degradation of the optimized composite 

To understand the detrimental efTects of soi l em ironment on the mechanical 

properLy of tht.: composite. it is necessary to ca rry out the so il degradation test. The 

degradation test of the optimiled composite "as executed in the soi l medium (high 

moisture content) for up to s ix months. Tensile st rength (T ) and tensile modulus 

eTM) va lues \\ere ploned against degradation timc and wcrc appeared in Figure 

5.10 (a) and (b). respec,i\el),. It "as obscI"\ed ,hat gradually TS and TM \alues 

\\ere reduced o\er tllne, as e\pected. A s lightl) decrease of TM \\as obscr\ed 

compnred to TS of Iht: composite. 
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hlis Ihu Ihks 20 wLI 2hl.~ 

Orrgradltioll (imt('<IIetl..l) 

Figure S.IO: Degradalion of <a) TS and (b) 'I'M (stiffness) of the optimized 

composite F2 (90% PI' - 10% CLSJ in the soil medium. (Inset images sholV 

decreasing pancm of tensile strength and tensile modulus as a function of time). 

Atlcr six months of degradation in the soil, composite retained respectivel). 70 and 

75% of its initial tensile strength and modulus (as shown in the inset images of 

Figurc 5.10 (aJ and (b)). During immersion of the composite in the humid soil 

medium. lVatcr penetrated from the fiber edges of the composites and thus 

deteriorated the fibers steadily inside the composite as well as weakening of the 

bonding strengths between the fibers and matrix. In addition, bacterial anack could 

also responsible for the loss of the mechanical properties because biodegradable 

libers arc norma II) anacked by microbial action (Mohanty and e/ 0/., 2000: 

Mamsinghc and el 0/., 1997). 

5.5 Concl usion 

The intention of this research was to evaluate the benefits of reinforcing 

polypropylene with naturally woven coconut leaf sheath short libers. CLS short 

fiber-reinforced polypropylene composites were fonnulated by compression 

molding var) ing the fiber loading. Tensile and bending strength were intensified 

with enhancing the fibcr content up (0 10 wt% and this was c·onsidered as optimum 
rage 61 
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fiber loading. Reinforcement decreased the thermal stability of the composites. The 

opt imized composite retained about 70% of its initial strength and stiffness after six 

months of soil degradation. I-fence, the composites might have a potential utilization 

"here relativel) lower strength is required. 
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Preparation and Characterization of Coconut Stem Fiber 
Reinforced Polypropylene Matrix Based Composites 

6. 1 Abstract 

The intention of this research work is to investigate mechanical (tensi le strength. 

bending strength. tensile modulus. bending modulus, elongation-at-break, thermal 

(TGA and DSC). morphological. water uptake and soil degradation at dissimi lar 

compositions (5. 10. 15. 20 and 25 \\ t %) of coconut stem fiber reinforced 

polypropylene composites. 10% fiber based composite showed highest mechanical 

properties and others properties supported the results. 

6.2 In t roduction 

111e demand of ceo iricndly and biodegradable fibers reinforced thermosets [1-4J 

and thermoplastic [5] composites have increased owi ng to the development of 

peoples living standards. Recently. a considerable demand has been originated in 

the utilization of _gro-fiber as substitute of synthetic fiber (e.g., carbon and glass) in 

the evolution of polymer matrix composites owing to their more favorable 

properties for instance non abrasive. low density. stiffness, nOn brittleness. high 

specific properties. and environment as well as economic advantages such as 

abundant all over the world, biodegradable. originate rural jobs. non

foocVagricultural based economy. low energy consumption, low cost and utilization 

[6-81· 

In our country. Cocos fIIu:i[er{l trees (coconut tree) are highly obtainable in the 

coastal area which produces vast coconut stem fiber. This unusable item is used in 

this research work to produce biodegradable and environment friendly composite 

material. Different compositions (5. 10. 15.20 and 25 \\1 %) of fibcrs arc used to 

prepare reinforced polypropylene composites. Among these. 10% fiber based 

composite showed highest mechanical properties and FTIR. TGA-DSC. 
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morphologkal. water upwke. soil dcgradation test of di ITerenl compositcs \\ cre also 

performcd. 

6.3 Expcrimentlll 

6.3.1 Materials 

PP W:I:) procured from Polyolefi n Company, Private Ltd .. Singapore. To get actual 

and homogeneous adhesion bet\\een fiber:) and matrix. PP was grinded to gct 50·60 

pm particles. Coconut Sh: m fibers (Figure.: 6.1) wcrc collccted from coconut stem of 

Cocos nuci/era trees (coconut tree). Then the stem \'vas soaked into water for t\\ O 

weeks to obtain coconut stem fibers. The water immersion made the coconut stcm 

sofi and weakened the bond bel\\ een the: liber ::Ind the resin and waxy materials. 

\\hich eventually helped to peeling olTthc loosen fibers from the resinous materials. 

The pecled ofT fibers \\ crc cleansed using huge amount of fresh \\ ater and dried 

appropriately. Using hand scissors, thc fibers were cut into 2-3 mm sil'c (Figurc 6.2) 

and all dirt 's \\ere taken out from the fibers with the help or mesh. Before the 

composites labrication the fibcr:; were v:.cuum-dried al [00 C lor 5 hours. 

Figure 6.1 : Coconut stcm fiber. Figure 6.2 : Coconut stcm fiber chips. 

6.3.2 Chemical composilion of Coconul Stem Fiber (CSF) 

COCOIHII sh.:m fi ber (CSr) contains (1 ce llulose. fatty and waxy matters, lignin. 

hemicellulose. pectit: maner:; and aqlleou ~ extract and Ihe amount of these 

p{l~t' m 
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components arc shown in the Table 6.1. 22.54% lignin. 46.26% a - cellulose and 

18.02% hemicelluloses is present in the fiber. More importantly. small part icles of 

cellu lose of coconut stem fiber nrc cemented and surrounded together b) 

hemicellulose and lignin. 

Ta ble 6. 1: Chemical compositions of coconut stem fiber. 

SI. No. Name % 

I Aqueous Extract 5.52 

2 Lignin 22.54 

3 Pectic matters 1.75 

4 Fau) and waxy matlers 5.9 1 

5 a - cellulose 46.26 

6 Ilemicellulosc 18.02 

Total 100 

6.3.3 Composite preparation 

CSF reinforced PP Illatrix based composites wcre fonnulated by compression 

molding. Five fonnulations of coconut stem fiber (5%. 10%. 15%. 20% and 25°'0 

riber) reinforced PP composites was prepared by varying the fiber content as sho\\11 

in the Table 6.2. 1\11 formulations \\cre made using moulds in the hcat press under 5 

bar consolidation pressure and 190'C temperature for 5 min. The model of heat 

press was 3856. Carver. INC. USA. Aller 5 minutes. in a separate press the moulds 

\\ ere cooled do\\ n to room temperature under 5 bar pressure. The prepared 

composite is shown in the Figure 6.3. 

Pagt' I ~J 



Figure 6.3: Coconut stcm liber and Polypropylene cOlllpo~ilC. 

Table 6.2 : The composition of the different compositcs. 

-

Forrn ularion CSF Polypropylene 

no. (wI %) Powder (n t 0/ .. ) 

FI 5 95 

F2 10 90 

F3 IS 85 

F4 20 80 

F5 25 75 

6.3.4 Mech:l ni c:11 propel1ies of the composites 

The tensile tesls of the composites were performed using an elcctro-mechanical 

testing machine under a maximum load capacity of 5kN with a gauge length of 20 

mm and crosshead speed of 10 mm/min. Hut, in case of bending properties, the 

crosshead speed was set at 10 I11Ill/min \\lIh a span distance of40 mm. Tensile and 

bending te~b were performed follo\\ ing DIN 53455 and DIN 53452 standards 

methods. respectiH:iy. FiH! ~pccimcn ~ for cach sampll: were exumined in the 

instrument. 
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6.3.5 Water uptake 

At room temperature (2S-C). water uptake analysis was done b) soaking the pre· 

weighed dried samples in the distilled water, The samples were removed time to 

time, Iightl) \\ iped to taken out surface water and weighed. The equation of 

calculation of water absorption is· 

. _ w,-w, 
Water absorptIOn - .100 ........................ (I) w, 

Where. Wi is the initial \leight of the samples. and W, is the final weight of the 

samples nilcr lixcd time. 

6.3.6 Degradotio" tests of the composites 

10 im cstigate soil degradation profile of the composites. all composite samples 

\\-ere buried in garden soil for 24 weeks. Ce llulose undergoes deterioration when 

buried in moisturized soil (at least 25%), Al1er set time point, the samples were 

tal..en out. cleansed with fresh water and dried at 80°C temperature for 8 h. 1 he 

variation of TS was intcnnittcntly observed in order to compute the degradable 

nature of the composites in this humid condition. 

6.3.7 FTIR " ",,lysis 

The st ructural study of 100% Polypropylene and F2 composite were examined by 

Fourier Transform Infrared Spectroscopy with an attachment of ATR (attenuated 

total rcOcetanee) accessory. Using a Perkin Elmer instrument, the spectra werC 

recorded in the wave number ranges of 4.000-600 em'l. 

6.3.8 TCA and DSC analysis 

The thermogravimetric analysis (TGA) and DSC of the PP and optimized 

composite were performed to find out the physical changes occurring in the material 

of the composites due to temperature effects [9J. The increasing rate of temperature 

\\as 20°C/min under inert nitrogen atmosphere and maximum temperature \\3S 

900·C. 
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6.3.9 SEM invest igation 

The compatibility and distribution between the fibers and the matrix materials could 

be found using SEM analysis. For the morphological analysis of the composites. 

SEM is an effective technique. Surface morphology plays an important role in case 

of composite type materials. The strong interaction between fibers and matrix 

exhibits superior tensile properties. S-4000 model of Hitachi brand field emission 

scanning electron microscope was used to investigate the fracture surfaces of the 

tensi le specimens ofF2 and F5 composites operating at 5 kY. 

6.4 Results and Discussion 

6.4.1 Tensi le and other mechanical properties of the composites 

Tensile and bending tests of the composites were done to measure the strength and 

stiffness of the composites. Mechanical property of the composites is an important 

factor tor the application of interests. All composites exhibited non-linear stress

strain curves demonstrating ductile behavior. The tensile strength (TS), bcnding 

strength (as). tensile modulus (TM). bending modulus (BM) and elongation at 

break (Eb%) of the composites were presented in Figure 6.4, 6.5. 6.6 and 6.7 

respect ively. It was found that fiber reinforcement occurred improving the strength 

and stiffness of the composites. The increase in fiber content from 5 to 10 wt% 

resulted in both increased tensile and bendi ng strength. The highest TS and as 
values \\ere observed for F2 (90% PI' + 10% CSF) and was considered as an 

optimized composite. Interestingly. higher amount of fiber content (> I 0 wt%) 

reduced TS and BS of the 1'3, 1'4 and 1'5 composites. From F I to 1'2 formulation. 

the TS and BS va lues were enhanced, whi le as, they were gradually declincd from 

F3 to F5 formulations. As observed from Figure 6.4 and 6.5, the highest TS and BS 

values of 24.28MPa and 44.29MPa. respectively, was found for F2 formulation . 

Elongation at break (Eb%) is one of the significant mechanical properties of any 

engineering material. As a whole, the composi te showed lower elongation at break 

for all formu lations. This phenomenon might be 0\\ ing to the low elongat ion at 

break (%) of the CSF libers compared to the matrix PP. No appreciable 

dissimilarit ies wcre found with the variiHion of tiber content. 
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The ~ignificant enhancement in the ten~lle and bendmg modulus of the compositc~ 

\\ a~ obtained \\ ith increasing fiber content from 5 to I () \\ t%. a~ sho\\ n in Figure 

6.6. Beyond 10 \\t% fiber content. Ihl! composi tes c'(hibiled a decreased modulus 

\\ Hh loading up to 1:5 \\1% tiber content. Likewise strength. F2 formulation sho\\ed 

the ma\imum TM and BM values of249MPa and S09M Pa. rcspectl\c ly. 
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6.4.2 \Vater absorption of the composites 

The \'aluc~ of\\3ter uptake of the different formulated composites (FI , F2, FJ. F4 

and F5) \\- ere computed by submerging the samples in de-ionized " ater contained 111 

a stalic glass beaker at room h:mpenHure. The subtraction ,allie of initial weight 
P"!!l' - IS 
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from the final wcight indicate.:; the waler uptake value. The hydrophilic nature of the 

fiber ini1uenecs the \\ater n:tcntion capacity. Figure 6.8 sho\\ s the \\ater uptake 

profile or thl.: composi tes. As shown in the Table 6.1. CSF contain:, about 65% 

cellulose 1101. The cellulose structure ofCSF possesses a lot of - OH groups. These 

hydroxyl groups are responsible for the strong hydrophilic character ofCSF. At this 

Sla te. the cellulosil: - 01-1 groups arl.: very reactiv\'; and they form st rong hydrogen 

bonds being able to preser\ e \\ ater [II]. 
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Figure 6.8: Water uptake (%) by composites in aqueous media at 25 C. 

6 ... 1.3 Degradation tests of the composites 

Coconut stem liber is a cellulose-based biodegradable fiber - absorbs watcr within a 

couplc of minutes owing to its strong hydrophilic nature. Cellulosc has a powerful 

trend to dcmean when buricd in soil [12]. Soil degradation test was performed to 

investigate the deg.radation trend of the samples in soi l media for up to 24 weeks. 

During soil degradation test, water penetratcs through the CUlling edges of the 

composites \\hich lead to the degradation of cellulose in the liber. and such 

degradation is responsible for the diminished mechanical properties of the 

composi tes 0\ er time. In addillon, bacterial attack could also responsible for the 

loss or th~ mechanical prop~rtics bccau.se biodegradable fibers are normally 

attacked by microbial action [131. 
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6.4.5 TGA :o"d DSC :o"nl)'i' 

The thermal characteristics of both PI' gr~lIllllcs and optimi/cd composite (F2) \\en: 

introduced 10 Figure 6. 11 and Figun: 6.13 respectively. As sho\\n in Figure 6.12. 

the dt:gradation process of PP started at abollt 380 C .md at 500 C temperature. 

98. 73~-'O mass change \\ as completed. I h.m c\ er, the decomposition of the cornpostle 

started carher compared 10 Ihe PP l11atri\ \\hich might be due to the mteraction 

hct\l,.een tiber and matrix material of the composites (Figure 6.13).The addition of 

fibers decreased the thermal strength of the composlle::-.. As seen from the 

thermogralvirnetric cun e of composite. the mass change started at 280 'C. 

DSC scans reH:aled the melting profile of matnx and composlh: . Figure 6. 12 and 

Figure 6. 13 rr.:\caled that the DSC scans of the PI' matrix and composite sho\\cd 

peaks of melting at 151.7 and 15IA"e, respectively. The temperature peak of 

melting slight ly decreased because of the inllucnce of added fibers. sho\\ ing an 

interaction hCl\\ccn tiher and mntrix . 
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Figure 6.12: TGA and IlSC ofpolypropykne. 
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Figure 6.13: TGA and DSC of optimized composite F2 (90% PP + I 0% CSF). 

6.4.6 Scanning Electron Microscopic (SEM) analysis 

Morphological properties of coconut stem fibers reinforced polypropylene F2 

(optimized composite) and f5 (overloaded fiber composite) composites were 

analyzed by SEM shown in Figure 6.14 and Figure 6.15 respectively. SEM 

examinacions revealed (hat filler particles are well dispersed in (he matrix material 

of optimized composite, as compared with the overloaded fiber composite. As 

shown in Figure 6.15, some voids are found where the fibers have pulled-out. These 

voids are responsible for weak interfacial bonding between fiber and matrix. 

(10% CSF+90% PP). (25% CSF+75% PP). 
Page 181 



Chtlpfer 6 

6.5 Conclusion 
The effect of coconut stem fiber content in the composites was evaluated via 

mechanical. morphological. water uptake, thennal and soil degradation test. The 

10% coconut stem fiber content was found to be optimum which leads to better 

mechanical properties. Scanning Electron Microscopy images recolllmended that 

higher tiber content. beyond 10% fiber content. introduced poor fiber-matrix 

adhesion, which eventually was responsible for decreasing trend of mechanical 

properties above optimum fiber content. For all fOn1lUlations. elongation at break 

(%) decreased might be due to the low elongation at break (%) of the CSF fibers 

compared to the matrix. Water uptake nature of F2 composite was nearly same of 

the F 1 composite. Soil degradation test also indicated better resistance to soil 

degradation of 1'2 sample over degradation time. These composites would have a 

prospective application in the construction sectors where comparatively less 

st rength is preferred. 
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Gamma Irradiated Areca nut Leaf-Sheath Fiber Reinforced 
Polypropylene Based Co mposites: Mechanical, Thermal and 

Morphological Analysis 

7.1 Abstract 

For the environmental concern natural fiber composite has a greal demand. Due to 

renewable origin. the demand of natural fiber reinforcement of polymer bascd 

composites is growing day by day. Our present research work focus on preparation 

of)'. irradiated areca nut leaf·sheath (areca catechu) fiber reinforced thermoplastics 

composites as well as the study of their different properties. Areca nut leaf sheath 

fiber-matrix polypropylene (1'1') composites were prepared by compression 

molding. Fiber reinforcement of the composites important ly increased the 

mechanical properties and the optimum improvement of strength and stiffness was 

achieved for the 10% fiber content. The water uptake character was done to 

investigate the hydrophilic nature of the composites. Moreover, degradation 

character and thermal properties of the composites were analyzed. Degradation test 

of the composites were executed up to six months in soil medium at ambient 

condition and appeared slo\\ degradation of mechanica l properties over lime. 

Addition of fiber decreased the thermal stability of the composites. The Structural 

and morphological features ofthc composites were a lso investigated. 

7.2 Introd uct ion 

Outstanding mechanical, physical. chemical. thermal and electrical properties are 

observed in polypropylene but these are not found in any other thennoplastic 

material [1-2]. Compare with LDPE (low density polyethylene) or HOPE (h igh 

density polyethylene), its impact strength is lower. but tensile strength and working 

temperature is prevailing f3]. In the coastal area, Areca catechu trees are highly 

obtainable in our country which fabricates large amount areca nut leaf sheath [4]. 

Consider the environmental policies and renewable source, uses of natural fibers 

rcinforced polymer matrix based composites are increasing. Uses of fillers and 
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reinforcement materials generate from natural or renewable agricultural sources are 

superior both in case socio-economic characteristics and biodegradability propert) 

[5-8J. Agro·fiber reinforced polymer matrix based composites [9.12J create a new 

era in environmental perception. 

Various t)pes of natural fibers like areca nut leaf sheath (ALS). banana. oil palm. 

sisal, jute. sugarcane. wheal. flax straw. cotton. silk. coconut and bamboo which are 

extensively obtainable have demonstrated to be efficacious reinforcement in the 

thermoplastic and thermo-set matrix materials [13-20]. In this research work. our 

()cal point on Hlbrication ofy- irradiated areca nut leaf-sheath (areca catechu) fiber 

reinforced polypropylene based composites as well as the study of their different 

properties and pcrmutated application within environmental legal rramework. These 

l ' irradiated areca nut leaf·sheath (areca catechll) fiber reinforced composites Ina) 

be used in the constructive purposes [211 . door and door frames [22.25J, furniture 

and housing sectors. 

7.3 Experimental 

7.3.1 Materials 

Polypropylene "as purchased from Polyolefin Company, Private Ltd .. Singapore. 

To impart actual and homogeneous adhesion between fibers and matrix. rp \\as 

grinded to get 50-60 ~m particles (Figure 7.1. d). Areca nut leaf sheath (Figure 7.1. 

a) \\as collected from Areca catechu trees. Then the leaf sheath was soaked into 

water for 15 days to obtain areca nut leaf sheath fibers (Figure 7.1. b). The IVater 

immcrsion made the areca nut Icaf sheath soft and weakened the bond between the 

fiber and the resin and wa.xy materials. which eventually helped to peeling off the 

loosen fibers from the resinous materials. The peeled off fibers were cleansed using 

huge amount of rresh water and dried appropriately. Using hand scissors, the fibers 

were cut into 2-3 mm size (Figure 7. J. c) and all dirt's were taken out from the 

fibers with the help of mesh. Berore the composites fabrication the fibers were 

vacuum-dried for 5 hours at 100·C temperature. 
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(a) (b) 

(e) (d) 

Figur. 7.1: Areca nutlcaf.hcath (a). ALS fiber (b), chopped ALS fiber (c) and PP 
po\\der (d). 

7.3.2 y- irradhlted :.ueea nut leaf-sheath (areCfll'ateC'lw) fi ber 

Areca nul lear-she.lIh (areca calcchu) libcr \\ ill bl! irradiated by y- irradiation (Co-

60) from 100 Krad to 500 Krad doses at a dose rate or300Krad / h. 

7.3.3 Chemical composition of ALS tiber 

Areca nut leaf sheath fiber contains lignin. fatty and waxy matters. u - cellulose. 

hemicellulose, pectic matters and aqueous extract and the amount of these 

components arc shO\\11 in the Table 7. 1.19.59% lignin, 66.08% (.t - cellulose and 

7.40% hemicelluloses are present in the fiber. Small particles or cellulose of areca 

nut lenf sheat h fibers are cemented and surrounded together by hemicellulose and 

lignin. 
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Table 7.1: Chemical composition o f Areca nut leaf shemh fiber. 

51. No. Name % 

I Fatly and waxy matters 5.06 

2 Aqueous Extract 0.72 

3 Pectic matters 1.15 

4 a - cellulose 66.08 

5 Lignin 19.59 

6 Ilemicellulose 7.40 

Total 100 

7.3A Composite fabrication 

Ilot press machine was used to prepare composites. A fami Iy of five formulations of 

y- irradiated of difteren t radiation doses «100-500 krad) ALS fiber (5%. 10%. 

15%. 20% and 25% fiber) reinforced PI' composites \\ as prepared b)' 'al') ing the 

fiber content as shown in the Table 7.2. All formulations were made using moulds 

in the heat press under 5 bar consolidation pressure and 190·C temperature for 5 

min. The model of heat press was 3856. Carver, INC, USA. After 5 minutes. in a 

separate press the moulds were cooled down to room temperature under 5 bar 

pressure. The prepared composite is shown in the Figure 7.2. 

Table 7.2 : Different formulations of composites. 

Formulation no. Weight percentage of AL5 and PP in different composites 

1' 1 5% ALS + 95% PI' 

1'2 10% ALS + 90% PI' 

F3 15% ALS + 85% PP 

F4 20% AI.S + 80% PI' 

1'5 25% ALS + 75% PI' 
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Figure 7.2: Finishcd product (composite). 

7.3.5 lechanicu l properties of the composites 

The tenSIle properlies of the y untreated and treated with different radiation doses 

optimilcd composites \\ere performed using an electro-mechanical test ing machine 

under a maximum load capacity of 5kN \\ ilh a gauge length of' 20 mOl and 

crosshcad speed of 10 111m/mill . But. in Case or bending properties. the cross head 

speed was set at 10 mm/min with a span distance of 40 111111. Tensi le and bending 

teSt:, were pcrlornH:d following DIN 53455 and DIN 53452 standards methods. 

respectivcly. F"'e specimens for each sample were examined in the instrument. 

7.3.6 \Vater uptake 

Wat<:r uplake analysis was done by soak ing the prc-\\cighcd dried samples of y 

untre~lted and treated optimized compositc in the distilled "ater at 25 C 

tempera ture. Afler recording the initial dry weight, the samples \\ere soaked into 

water and kept for a tixed period and then rCl11o\cd from " ater and wiped out the 

e'(cess surface water using tisslic paper. and the weI weight (tinal weight) was 

taken. Tht: equation of calculation of water uptake is -

WJ-W i 
Water uptake = . 100 ........................ (1) w, 

Whcre. Wi is thc initial weight of the samples, and Wr is the tinal \\cight of the 

samplcs after lixcd timc. 

7.3.7 Degrad3tion tests of the optimized composite 

Cell ulosic material undergocs deterioration \\ hcn buried in moisturizcd soil (at least 

25%). To investigate soi l degradation profile of the composites. y untreated and 
Pu~(' 90 
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treated optimized composites were carried out for six 1110nths burying the samples 

in humid soil. After set time point. the samples were taken out, cleansed with fresh 

water and dried for 8 h at BO°C temperature. The variation of TS was intermittently 

observed in order to compute the degradable nature of the composites in this humid 

condition. 

7.3.8 FTIR analysis 

Pure polypropylene. fiber, 'Y untreated and treated optimized composites \\ere 

cxamined by Fourier Transform Infrared Spectroscopy (FTIR) with an attachment 

of A TR accessory. The spectra were recorded in the wave number ranges of 4,000-

600 em'l using a Perkin Elmer instrument. 

7.3.9 Thermal analysis 

Due to temperature effects. the physical changes are occurred in the material of the 

composites [26) . The thermogravimetric analysis (TGA) and differential scanning 

calorimctry (DSC) of the PP. y untreated and treated optimized composites were 

perfonncd to find out the physical changes. The increasing rate of temperature was 

20"Cilllin under inert nitrogen atmosphere and maximum temperature \vas 900°C. 

7.3. 10 Surface morphology 

For the morphological analysis of the composites. SEM is an effective technique. 

Surface morphology plays an important role in case of composite t) pe materials. 

The strong interaction between fibers and matrix exhibits superior tensile 

properties. The compatibility and distribution between the fibers and the matrix 

materials could be found using SEM analysis. S-4000 model of Hitachi brand field 

emission scanning electron microscope was used to investigate the fracture surfaces 

of the tensile specimens of both 'Y untreated and treated optimized composite 

samples operating at 5 kY. 

7.4 Res ults and Discussion 

7.4.1 Mechanical properties of the composites 

For the application of composite materials. the foremost elements of the composites 

an; mechanical properties. Tensile and bending tests of the composites were done to 

measure the strength and stiffness of the composites. Tensile strength. bending 
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~tn;:ngth and Eb% etc. mechanical propenie ... \\ere calculated. As sho\\ n in Figure 

7.3. the ma"imum TS \alue found for 250 Krnd doses of optimi7cd composllcs and 

the, alue is 36.71 M Pa. Beyond 250 Krad doses treated composite) e"hibilCd a 

dt!cr~a~ed strength \,ith irradiated up to 500 Krad. Similar slIuUlion \\as found for 

135 and figure 7.3 sho\,cd the maximum \Bluc (58.I3MPa) for 250 Krad irradiated 

composites. From 100 krad to 250 Krad the \ allies \\ere enhanced and the ,alucs 

,,"ere gradually declined from 250 Krntl to 500 Krad. 

Figure 7.4 sho\\cd the highest Eb% value (9.55) for 250 Krad Irradiated composites 

and reduces \\ ith the increase of dose~. ror 350 and 500 Krad dose the values % 

elongation at break "ere 8.34 and 7.65 respectively. 

I'rom the abo've OUlcomes. it IS obscn cd that 250 Krad y-irradiation for of 

optllni/cd composites has the outstanding effect on the mechanical propenles. 250 

Krnd y-irmdiation composite appeared the highest TS and BS o\~ 109 to the 

intcrcross-lillklllg bct\\ccn the neighboring cellulo",e ll1oh.:culcs as well as better 

fiber-matrix adhesion. The increasing of y-irradiation doses (above 250 Krad). thc 

mechanical properties of the composites appeared a reducing trend and it may be 

due to the two opposing phenomena. namcly. photo cross-linking and photo 

degradation that takc place simultaneously under Y· lrradtation excess doses as \\ell 

as \\cak interaction betwccn fiher and matrix in the composite [4J. 

" 
.10 

:m 100 1~(1 2()() 2S{) Jon J50 -lOll .. ~) 500 5.'i0 
Gamma radiation du~l' (Krad) 

FiJ!urc 7.3: TS and OS oroptimiLcd (90% PP + 10% ALS liber) composites against 

different radiation doses (100- 500 krad). 
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Figure 7A : ElongaJion aJ break (Eb) of optil1liLCU (90% PP + 10% ALS fiber) 

compositl.:s against different radiation doses (100-500 krad). 

7.4.2 \Vatcr uptake of the composites 
""'" fif"'\lf <1 101 rr"'1"':T 

:r(¥''''n·, 

Water uptake \ alues of the 250 Krad '( treated and untreated composites Wt:YC 

computed. The hydrophilic nature of the fiber 1Il0uences the water nbsorption 

capacity. rhe subtraction value of initial ,,,eight from the final \\eight indicalcs the 

\\ater uptake value. As shown in the Table 7.1. ALS fiber contains about 73 .5 0o ~ 

cellulose (u - cellulose and hemicel1u\o:sc::)) [271 . Figure.: 7.5 shows the water uptake 

profile or the 250 K rad y trented and untrcated compoSih.:S. Untreah.:d composites 

gained \\ater up 10 20 h but it \\as 30 h for y irradiatcd cOll1positc:s. The minim:!1 

quantity or water absorption by the y irradiated composites (0. 11 %) and the 

maximum quantity of water was computed by untreated composites (0.16%) for 60h 

examination. 
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Figure 7.5: Wmt:r uptake (%) of optimi/l'd (90% PP + 10% ALS fiber) composites 

(untreated and 250 Krad y treated) against soaking time. 

7 .... 3 Soil buriallcSt 

Soli buriallcSI was performed 10 investigate the degradation trend of the treated and 

untreated compositl.!s samples in soi l media for up to 24 weeks. Figure7.6 sho\\ed 

the Tensile Strength values against time (maximulll 6 months). It was obscncd that 

in case of 250 Krad y irradiated optimiLcd (\\ t%) fiber reinforced composite. TS 

were declined slo\\ Iy \\ ilh degradation lime compare ,\ ith untreated composites. TS 

\uluc ory irradiated composites decreased gradually and it was 36.71. 34.66. 33.83. 

33. 12.32.80.32.13 and 31.76 MP. for 0.4.8. 12. 16.20 & 24 weeks respceli\eI),. 

But it \\as 28.7, 26.7, 25.9,25.1,24.3.23.2 and 22.80 MPa tor untreated composite. 

It is clear that TS propenies orthe y irradiated compo~itt:~ retained morc compare to 

untreated composlles and it may be due to the beucr interaction bct\\ecn libcr and 

matri>. in the y irradiated compositcs. During soil degradation test. water penetrates 

through the cuning edges or the composites \\ hich lead to the degradation of 

cellulose in the fiber. and such degradation is responsible ror the diminished 

mechanical properties or the composites over time. In addition. bacterial attack 

cou ld also responsible ror the loss or the mechanical propenics because 

biodegradable ALS fibers are normally attacked by microbial action [281. 
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Figure 7.6: TS, ofoplimiled (90% PP + 10% ALS fiber) composi tes (unt reated and 

250 Krad y tremed) aga inst ~oil degradation time (up to 24 weeks). 

7AA FTI R "".Iysis 

To analy/c the ~truclllral dwractcristics of polypropylene. ALS fiber, optimized 

(10% ALS + 90%) PP composi te and 250 Krad y irradiated optimi7ed (W1.%) fiber 

reinforced PP composite, FTIR spectra is used. Figure 7.7. Figure 7.8. Figure 7.9 

and Figure 7.10 showcd the FTIR record of PP granules. ALS fiber. optimized 

(10% ALS + 90%) PP composite and 250 Krad y irradiated Opt imiced compOSite 

respecti\ e ly. 

As shown in Figure 7.7, the fingerprint region of pure PP was obser\ed from 1455· 

600 cm", part icularly at around 1455 and 997 cm·1ascribed to C="C stretching and 

C-II bending vibrations, re~pec lhe l y. The peak observed m 2916 em" assigned to 

C-H stretching vibration. The spectrum of ALS fiber and composite appeared a 

peak al aboul 1740 cm,1 (Figure 7,8. 7.9 and 7.10) associaJed 10 carbonyl (C=O) 

Slrelching of acelyl groups of ht:mieellulose in the ml1 ur<l 1 ALS tiber f29J. along 

\\ ith characteristic peaks of polypropyh.:ne, 
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composi tes. 
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7.4.5 TGA a nd I)SC :lIl:llysis 

The thc.:rmal chrlraetcristlcs of pr granules. opllmi lc.:d composite and 250 Krad 

gamma irradiated compo~ites \\ere cvaluutcd by TGA and DSC and presented 111 

Figure 7.11. Figure 7.12 and Figure 7.13 rcspccti\t:I). As sho\\1) in Figure 7.11. the 

degradatlOll procl!s~ of PP SlaTted at about 380 C and at 500 C lempl!rallln.:. 98.73°.'0 

ma~~ change \\a~ completed. Howc\cr. the dccomposition of the composite staned 

earl ier (280 C) compared to the PI' nHl ln x and 10J % degradation \\ias completed 

at 420 C \\ hich HlIgh! be due 10 the interaction bc lwcen fiber and matnx materia l or 

the compo~ite~ (Figure 7. 12). But 4.73% mass change was cumpleted at 250°C for 

250 Krad gamma Irradiated composites .... ho\\n 111 Figure 7.13. Comparati\cl). the 

degradallon of 250 Krad gamma Irradiated composites started carlier may be due 10 

IhclIltercro .... s-hnking bel\\een the l1l:ighhoring cellulose molecu les of the 

composi tes [41 . DSC scans ren!a led the mel ti ng profi le of m;)trix and composi te . 

Figure 7.1 I. 7.12 and 7.13 revealed that the DSC scans of thl! PP matrh .. optimized 

composite and 250 Krnd gamma ITF.ldlUted composites respecti ... ely and showed that 

111 the all ca .... e .... I!ndothcrmic reactions \\crc occurred and 477.2 C. 477.6 C and 

-'63.0"C heat consumed rcspecti ... cly. 
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Figure 7. 11 : TGA ano DSC of polypropylene. 
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Fig ure 7. 13 : TGA & nSf 01'250 Krad gamma Irradiated 90% PP+ IO% ALS Fiber. 

7.4.6 Surface moq,hology 

Morphology of optimized polypropylene composite and 250 Krad gamma irradiated 

cOl1lpo~ite \\cre analYlcd by SEM (Figure 7.14 and Figure 7.15), SEM 

c.:xamination~ n:presented that there \\ 3S a significant di ss imilarity in the fiber

matrix intcrm:tion between untreated (Figure 7.1~) and y- irradiatcd (Figure 7. 15) 
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composites. ALS is a strong I) hydrophilic and natural biodegradable fiber. 

1I0\\e\ er. PP is strongly hydrophobic in nature. Thus it was expected poor fiber

matrix interaction for ALS·PP composites and SEM image reflected it (Figure 

7.14). The hydrophilic nature of ALS fiber \\as reduced due to surface treatment 

with ,,(-irradiation which contributed to increase the adhesion property between fiber 

and matrix and ultimately improved the mechanical properties of the composites 

(Figure 7. 15). Again, gaps between fiber and matrix were not observed for the 

irradiated SEM image [4]. 

Figure 7.14: Image of(90% PP + 10% ALS) fibers reinforced polypropylenc 

composites. 

Figure 7.15: Image of2S0Krad Gamma treated 90% PP + 10% ALS fiber prepared 

composites. 
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7.5 Conclusion 

The aim of this study was to evaluate the advantages ofy-irradiated fiber reinforced 

PI' composites. Gamma treated ALS-PP composites were produced by hot pre·ss 

machine. Composites prepared with 250Krad Gamma treated 10wt% fiber showed 

bettcr mechanical properties and least amount (4.73%) of mass change occurred at 

the earlier stage due to the intercross-linking between the neighboring cellulose 

molecules. SEM supported the idea and mechanical properties were declined \\ ith 

enhancing ofy-irradiated doses. Elongation at break maximum for 250Krad Gamma 

treated composites and declined with the intensified y-irradiated doses. Water 

uptake nature of treated optimized composite was lower compare with untreated 

composites. With respect to degradation time soil degradation studies revealed that 

tensile strength of Gamma treated composites could be lower than that of the 

untreated composites. Consequently. Gamma treated composites would be 

considered excellent building and construction materials which have superior 

mechanical and thermal effects. 
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ChapterR 

Areca nut Leaf Sheath Fiber Reinforced Polyvinyl 
Chloride/Polypropylene Hybrid Composites: Effect of Fire 

Retardants 

8.1 Abstract 

The use of polyvinyl chloride and polypropylene as a hybrid matrix material with 

short areca nut leaf sheath fiber enhance the mechanical properties (TS. BS. TM 

and BM). 45% of polyvinyl chloride and 55% polypropylene mixed matrix material 

\\ ith 10% fiber reinforced composites appeared maximum mechanical properties. 

Scanning electron microscopy (SEM) also investigated. MgO was used as flre 

retardants with the composite material at different ratio and ignition time and firing 

time was identified. 30% and 20% MgO based composites represented highest 

ignition time and firing time respectively. 

8.2 Introduction 

Based on the source. natural fibers are classified of two types· such as plant fibers 

and animal fibers. About 3000 years ago, natural fibers were first time used to build 

walls with straw and clay in composite system in the ancient Egypt [11. However. 

now·a·days composites have versatile uses. Depcnding on the physical and 

mechanical properties of the composites. it used in various fie lds as well as 

particular application [2]. It is noted that polymeric composites with natural fibers 

arc \\ ith 10\\ cost and light in weight which also shows high strength and diclectric 

propl.:rties [3]. Scientist studied the characteristics of hybrid composites and 

appeared that hybrid composite adds advantages of weight saving. cost sa\-ing. 

increased strength etc r41. Ignition time and total firing time of the hybrid composite 

was increased by adding fire retardant chemicals [5]. 

In this work, hybrid composite was prepared with polyvinyl chloride and 

polypropylene matrix material. Mechanical and morphological properties \\ere 

analyzed f6·81. MgO was added with the composite as a fire·retardant. Ignition time 

and firing time of the composite was studied. 
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8.3 Experiment 

8.3.1 Materials 

ClUJ pier 8 

PI' (I'olyolefln Company, Private Ltd., Singapore), polyvinyl chloride (PVC) and 

MgO (Bayer. Germany) purchased from the local market of Bangladesh. ALS flbcrs 

\'ere made ready from areca nul leaf sheath by water logged the fibers into \\ater 

for 1\\0 weeks. The water immersion made the areca nut leaf sheath son and 

weakened the bond between the fiber and the resin and waxy materials. \\ hich 

e,emually helped to peeling ofT the loosen fibers from the resinous materials. then 

the fibers cleaned with pure water and thcn air dried appropriately. Using hand 

scissors, the fibers were cut into 2-3 mill size and all dirt's are taken out from the 

chopped fiber. Then the chopped fibers were washed with distilled watcr and 

revea led rigorously to sunlight for about 24 hours. Ultimately. the fibers were dried 

in a \aCUUIn oven at IOO"C for 5 hours before the composites production. 

8.3.2 Composite fabricatioo 

Compression molding was used to make the polypropylenc (1'1') and polyvinyl 

chloride (PVC) matrix based unidirectional composites. At first. w ith the help of 

cleaning agent, the mould was cleanscd. Then the dried ALS short 10wt% flbcrs 

with PP and polyvinyl chloride powder were used to prepare composites according 

to the ratio of PP:PVC = 25:75. 45 :55, 55:45, and 75:25 . All formulations were 

made using moulds in the heat press under 5 bar consolidation pressure and 190'C 

temperature for 5 min . The model of heat prcss was 3856. Carver. INC. USA. Aller 

heal press. the molds wcrc cooled do\\ n to room temperature for few minutcs in a 

separate press under 5 bar pressure, 

MgO was added with optimized ALS fiber mixed I'P-PVC hybrid composite in 

order to enhance the fire retardant propen) of the composite. 109 of moisture-free 

ALS fiber. 80g optimized PP-PVC matrix. and 109 of MgO powder were mixed 

"ith each other to produce 10% MgO mixed PP-PVC hybrid composite. Similarly. 

20% and 30% of MgO mixed PP-PVC hybrid composites were produced and 

ignition time and total firing time were investigated. 
fttgt' JO;-



Figure 8.1 : Ignition time and total firing lime.: e.:xpe.:rimcnt. 

8.3.3 Mechanica l properties of the composites 

The h.:nsile h.:sts of the composites were performed using an electro-mechanical 

tl!sting machine under a maximum load capacity of 5kN \\ ilh a crosshead speed of' 

10 n1lll/min and gauge length of20 mm. The crosshead speed was sct at 10 mOl/min 

with a span distance of 40 mm for measuring bend ing properties. Tensile and three 

point be.:nding te.:sts \\t;rc pe.:rlonned following DIN 53455 and DIN 53452 standards 

methods. re~pecti\l;:ly . The average results of minimum five samples for each 

composite \\ ere fe\ ealcd. 

8.3.4 Surface morphology 

Surface morphology pJays an important role in case of composite type materials. 

For the morphological analysis of the compositcs. SEM is an effective technique. 

The compatibility and distribution between the fibe rs and the matrix materials could 

be found using SEM analysis. The strong interaction bet\\een fibers and matrix 

exhibits superior tellSl le properties. Il iwchi S-4000 model fie ld emission scanning 

electron microscope was used to investigate the fracture surfaces of the tensile 

specimens of hybrid composites operating al 5 kV. 
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8 ... Results :md Discussion 

8.4.1 Tensile and bending propcrl ics of Ihe composites 

Mechanical propen)' of the composites IS .m Imponant factor for the applica tion or 

11lleresh. As such. tensile and bending tesb of the composites ''''ere done to measure 

thl: strength and stiffness of the compo ... itcs. I he tensile and bend ing properties are 

presented in the Figures R.2 and S.3. As obsern.:d from the Figures 8.2 and 8.3, the 

ma\IIllUIll tensi le strength, bending strength . tensile modulus and bending modulus 

\a lue obsef\ed for 55% PP-4S% PVC with ALS fiber formulat ion and the values 

orc 41.32 MP". 63.44 MP". 785 MPa and 977 MP" rcspecll\ely. 

The significant enhancement in the tensile and bending properties of the composites 

\\ as ohtalllcd for 10% fiber and 55% 1'1'-45% PVC produced composite due to 

bener fiber-matnx mteraction. Inten:stingly. higher amount of matnx materials 

reduced the tensile and bending propenies of the compoSites due to lo\\·er fiber-

matri\ interaction. 
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Figure 8.2: Tensi le Stre ngth & 13cndlllg Strength of different % of r'p & PVC 

mixed hybrid composites. 
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Figure 8.3 : TM & BM of different % of rr & rvc mixed hybrid composites. 

8.4.2 SEM analysis 

The Illorphologil:l.ll properties of AL shoTt tibers reinforced polypropylene (PP) 

composites and PP/PVC (55% + 45%) mixed hybrid composites sho\\ n in Figure 

8.4 and Figure .5 rcspccti\cly \\ere analy7.ed by SEM. It is \I,.orthwhile to mention 

that the properties of hybrid composites depends on the orientation und 

arrangements pattern of Ihe fibers. tiber-matrix adhl:sion etc, Strong interaction 

between fibers and PP/PVC (55% + 45%) mixed hybrid composites. as evidenced 

by a scanning electron micrograph being taken on fracture surface composite 

concomitantly inCTI!USeS Ih~ m(,:chanical properties. 

Figure 8.4: 10". ALS fiber + 90% PP Figure 8.5: 10% ALS fiber + PPIPVC 
composites. (55%, + 45%) mixed hybrid composites. 
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SA.3 1 ~f1 i t iofl time (sec) 

r:igurc 8.6 sho\\ I.!d % of MgO vs ignition tIIne (sec) of optimized hybrid composite. 

Ignition time of \\ ithout MgO composite is 2.8 sec and 30% MgO mixed composite 

obscncd highest Ignition time uno it \\as 7.0 sec. Fire retardant compound. MgO 

hindrance burning \\ hieh increases the ign ition time. 
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figure 8.6: % of MgO vs Igni tion rime (sec). 

8.4.4 Tota l firi ng time (Sec) 

Total firing time (sec) of opllmi/ed hybrid composite is investigatcd. Figure 8.7 

sho\\cd % of MgO vs lotal firing limc (sec) or optimized hybrid composite. Total 

firing Lime of \\ ithOut MgO composite is 180 sec and 20% MgO mixed composite 

observed highest liring time und it \\as 245 sec. MgO has lire retardant properl) 

\\hich hindrance burning increases the liring lime. 
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8.S Conclusion 
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f igure 8.7: 0" 0 ofMgO \ s Firing Time (sec). 

Thb rcsc:lrch indicates the highest mechanical properties of 10% tiber reinforced 

90% PPfPVC (55% PP-45% PVC) mixed hybrid composi te. The (ensile strength. 

bending strength. tensile modulus and hCllding modulus of the abo\e formulated 

composite are higher due to the better fiber-ma trix adhesion. Ignition ti me fbr 30% 

MgO. and 10lal firing lime for 20% MgO conlcn! composites demonstrated good 

outcomes \\ hich were 7sec. and 245 sec. n.:srcctivcly. 
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Chapter 9 

Mechanical, Thermal and Morphological Analysis of Short ALS 
(Areca nut Leaf Sheath) Fiber Reinforced LOPE (Low Density 

Polyethylene) Composites: Effect of Chemical Treatment 

9.1 Abstract 

Short ALS (Areca nut Leaf Sheath) liber (2-3 mm) reinforced 10\\ densit) 

polyethylene matrix based composites were prepared by compression mold machine 

using hot and cold press. ALS liber is a cellulosic liber also known as 

lignocellulosic liber is renewable, environmentally friendly. cheap and completely 

biodegradable. Consequently. the demand of natural fibers is increased than 

synthetic fibers. Different fibers ratio (0, 3, 5, 7. 9 and Il wt %) were used to lind 

Out the maximum value of the ALSfLDP£ composites. Among them 5% ALS liber 

based LDPE composites appeared higher mechanical properties. TS. flexural 

strength. elongation at break (Eb%) \\ere analyzed. SEM. TGA. DSC and 

biodegradation properties of ALSfLDPE composites were also analyzed. FTIR 

spectra of the LDPE and composi tes were also performed. Alkal i treatment of the 

fibers led to increased mechanical. thermal and morphological properties was 

studied. Alkal i treated fibers based composites appeared higher tensile strength and 

other properties compare to untreated fiber based composites due to chem ical 

treatment enhanced fibcr·matrix adhesion property. 

9.2 Introduction 

A good adhesion between fiber and matrix is essential to obtain full benefi ts of the 

composites [I] . Areca nut leaf sheath (ALS) fiber contains 66.08% a-cellulose 

(Table 9. 1) which is more important to make a better attachmcnt with matrix 

material. This fiber is a rene\\able. non abrasive and biodegradable [2]. The uses of 

this type of fibers are increasing gradually ill const ruct ion and automotive sectors 

[3-7[. Thcnnoplastics [8J and thermosets [9- IIJ materials are prepared using short 

or long fiber reinforced polymer matrix based composites. 
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In the industrial applications low density polyethylene (LDPE) is extensively 

applicd owing to low cost. moisture resistance. good chemical resistance and easily 

processed by all thermoplastic mcthods. Short ALS fibers are mixed with LDPE at 

diflcrent wi % ratio to get optimized" t% of fiber and matrix. Mechanical. thermal 

and morphological properties have been measured of the composites. Basically. 

natural fibers arc hydrophilic in nature which is responsible for fiber matrix weak 

interfacial bonding as \\ell as poor mechanical propenies [12]. For beuer fiber 

matrix adhesion chemical treatment of fibers has been done. 

9.3 Ex perimental 

9.3.1 Materials 

Lo\\ density polyethylene (LDPE) was procured from Polyolefin Company. Private 

Ltd .. Singapore. To impart actual and homogeneous adhesion between fibers and 

matrix. LDPE was grinded to get 50-60 fUll particles (Figure 9.1). Areca nut leaf 

sheath was collected frol11 Areca catechu trees. Then the leaf sheath was soaked into 

water for two weeks to obtain areca nut leaf sheath fibers. The water immersion 

made the areca nut leaf sheath son and weakened the bond betwecn the fiber and 

the resin and waxy materials. which eventually helped to peeling off the loosen 

fibers from the resinous materials. The peeled off fibers were cleansed using huge 

amount of fresh water and dried appropriately. Using hand scissors. the fibers were 

cut into 2·3 mm size and all dirt 's were taken out from the fibers with the help of 

mesh. Before the composites fabrication the fibers were vacuum·dried at IOO'C for 

5 hours. 
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Figure 9.1 : Image of grind LDPE. 

9.3.2 Chemical composi tion of ALS fiber 

Areca nul Icaf she,lth fiber contains ratty and wax)' matt~rs. u-<.:cllulose. lignin. 

h~miccllulose. pectic matters and aqueous ex.tract and the amount of these 

components are shown in the Table 9.1. 19.59% lignin. 66.08% Ct - cellulose and 

7.40% hemicelluloses is present in the fiber. Small particles of cel lulose of areea 

IllII leaf sheath fibers are cemented and 'iurrounded together by hemicellulose and 

lignin. 

Table 9.1 : Chemical composition of Areca Ilut leaf sheath (ALS) fiber. 

SI. "0. Na me 'Yo 

I Pectic maLlers 1.15 

2 Fatty and waxy matters 5.06 

3 CJ. - cellulose 66.08 

4 Hemicellulose 7.40 

5 Lignin 19.59 

6 Aqueous c\;tract 0.72 

Total 100 

p(lge J 1-; 
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9.3.3 C hemical treatment 

The purpose of chemical tremment Or chcmical modi fications of natural fibers is to 

devclop the adhesion propeny between fiber and matrix. For chemical treatment. 

extra pure NaOH. Acetic acid glacial C99- 100%) for neutralization and H,O, C6% 

purified) arc branded of Merck. Germany. purchased from the local market of 

Bangladesh. 

9.3.3 Ca) Alkali treatment 

0) alkaline treatment hydrogen bonding is disrupt in the structure. as a result 

increases the surface roughness [131. Lignin. matters. fany & waxy matters etc. or 

fibers are removed by this treatment. Again aqueous sodium hydroxide (oplimi7cd 

% ofNaOH. i.e.IO% NaOH = 10 gm of NaOIl in 100mi of water) [2J enhances the 

ionization of hydroxyl group of the natural fiber. 200g fibers are taken in 10% 

NaOIl solution for 6 Ius [3. 14J at 70' C temperature 11 5J and shaking and stirring 

occasionally. Then 50% acetic acid glacial is used for neutralizing to eliminate 

absorbed alkali and cleansed with DI water perfectly. 

Fiber - 01-1 + NaOIl - Fiber - 0 - Na + 11,0 + impurity [2J 

9.3.3 Cb) Bleaching with H20, 

Non-cellulosic pans of fiber such as lignin is removed after bleaching with 11 20 2 

(6% purified) separates wax. fally materials and lignin. 200g fibers are added to 

10mifL of 30% purified H,O,at room temperature and stirring for 45 minutes. Then 

cleansed with DI water and dried in the oven at 50°C till reached at constant weight 

[2 ]. 

9.3.3 (c) Interfacial reaction between fiber a nd LOPE 

Before chemical treatment 

Fiber - OH + CH, = CII,- Fiber - CH = CH - Fiber 

Pagt! J 18 
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Afler chemical treatment 

Fiber - 011 + NaOH Fiber 0 - Na + H,O + impurity [2] 

Fiber - 0 - Na + CH, = CI I, - Fiber - CH = CII - Fiber 

9.3.3 (d) C hemical composition of untreated and treated ALS fiber 

Table 9.2: Chemical composition of untreated and treated Areca nut leaf sheath 
fiber. 

ALS fiber 

Sl. Name of component Untreated Treated 
' 0. ("!o) 

I Pectic matters 1.15 0.39 

2 Fatty and \\nx:y mntlcrs 5.06 2.96 

1 a - cellulose 66.08 81.72 

4 Ilemi-cellulose ?AO 4.33 

5 Lignin 19.59 10.11 

6 Aqueous E'Clrnct 0.72 0.49 

Total 100 100 

9.3.4 Composite preparation 

rhe LOPE matrix based composites \\ ere fonnulated by compression molding. A 

family of live fonnulations of ALS fiber (0%. 3%. 5%. 7%. 9% and II % fiber) 

reinforced LOP E composites was prepared by varying the fiber content as shown in 

the Table 9.3. All fonnula tions "ere made using moulds in the heat press under 5 

bar consolidation pressure and 150 C temperature for 5 min. The model of hem 

press "as 3856. Car,er, INC. USA. Aller 5 minutes. in a separate press the moulds 

\\ ere cooled down to room temperature under 5 bar pressure, The prepared 

composite is shown in the Figure 9.2. 
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Table 9.3 : Dillerent fonn ulations of libcr and LOPE. 

Formulation 110. ALS frber (wi IYo) LOPE Powder (wI %) 

FI 0 100 

F2 J 97 

f3 5 95 

F4 7 93 

F5 9 91 

F6 II 89 

Figure 9.2: Image of Composite. 

9.3.5 Determi nation Of rhe tensile and nexural propert ies of the CO ll1 l)osites 

The tensile te.-:S IS of the composiles were perforl1le.-:d using an eleclrO-I1le.-:cha nica) 

lc.:Sling machine.-: under a maximulll load capacily of 5kN \\ ilh a crosshead speed of 

10 I11I11 /min and gauge length of 20 1111ll. For flexural properties. Ihe crosshead 

spc.:c.:d \\, :IS sci at 10 nlln/min with 11 span distance of 40 mm. Tensile.-: and thn:e point 

flexural tests "cre perfonnc.:d lollowing 01 53455 and DIN 53452 standurds 

methods, respectivcly. Five specimens lor each sumple were examined in the 

instrument. 

9.3.6 FTI R analysis 

The st ructural analysis of the LDPF and composites \\as examined utilizing a 

Perk in Elmer Fourier transform infrared (FTIR) spectrometer \\ illl an attachment or 
"tJ~1! I JO 
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8ucnuatcd total reflectance (A TR) accessory. The spectra were noted over the range 

01'4000-650 cm" at a resolution 01'4 cm·'. 

9.3.7 TGA and DSC analysis 

The thermogravimetric analysis (TGA) and DSC of the Low density polyethylene 

(LDPE) and optimized composite \\ere periormed to find out the physical changes 

occurring inlhe material of the composites due to temperature effects 116J . 

9.3.8 Surf.ce moq>hology 

Surface morphology plays an important role in case of composite type materials. 

rhe strong interaction between fibers and matrix exhibits superior tensile 

properties. Field emission scanning electron microscope (Hitachi S-4000) was lIsed 

to investigate the fracture surfaces of the tensile specimens of both F2 and F6 

compositc samples operating at 5 kV. 

9.4 Results and Discussion 

9.4.1 Mechanical properties of the composites 

Tensile strength. Young's Modulus. Elongation-at-break, Flexural strength. and 

Impact strength etc. mcchanical properties are most important for composite type's 

materials. At untreated condition, the highest tensile strength value observed for 5% 

fiber based composite and it is 9.7 MPa and it is observed in Figure 9.3 and Table 

9.4. From Table 9.5. it is clear that after alkali treatment tensile strength is increased 

approx. 20% and other propert) is also increased. 
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Figure 9.3: Tensile strength of different % of Areca nut leaf ~hcalh tiber, 

Table 9A: Mechanical properties of LDPEIALS fiber composites at different fiber 
loading" 21: 

Fiber Tensi le Young's Elongation Flex ural Impact 
loading Strength modulus ·at-break strength strength 
(\\'1 %) (M Pa) (~I P") (%) (M Pa) (kJ/m') 

Mean±SO Mcan±SD Mean±S O Mean±S O Mean±S O 

0 IIA±OA 325± 11 121 ±31 2 1.9± 1.9 26.8±0.5 
, 

S.9±0.7 472±23 6±0.5 18.7± 1.6 7.8±O.4 > 
5 9.7±O.5 537± 19 6±OA 19.3=2.3 11.4±0.5 
7 'I.2±O.6 759±20 5±0.S 19.7± 1.6 11.9±0.8 
9 9.0± 1.1 SJ4±H 4±0.8 20.2± 1.2 12.6±0.7 
II 8.9±0.9 967±27 3±0.7 20.6±0.7 9.7±OA 

Table 9.5: Mcchanical properties of LDPEIALS jjbcr composites (at 5 wt% libcr 
loading) as a function ofchclI1icallrC:llmcnl : 

Fiber Tensile You ng's Elongation Flex ural Imp.lci 
louding Strength modulus -"I-break strength strength 
(\\'to/.) (~IPa) (MPa) ('In) (~IPa) (kJ/m') 

Mea n±SO Mean±S O Mean±SO Mean±SO Me'ln±S O 

LDPE/UALS 'I.7±O.5 537± 19 6±OA 19.3±2.3 11.4±0.5 
LDrErrALS 11.6 772±21 8±0.5 20± 1.9 14±0.6 

SD= :standard DC\Jatlon. UALS ;; Untreated Areca nut Leaf Sheath. TALS = 

Treatc.:d Areca nul LcarSheath 
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9.4.2 Structu ral charactcritation 

To slUdy the..: strucllIrnl characteriLlllion of LDPE .mtl oplimilc.:d LDPE-tibcr 

composi tes. FTIR is a useful tcchn ique. FTIR spectra is utililcd to de..:terminc the 

change of surf:lce composition of the LOPE granules and oplimiled (\\'t%) nbcr 

reinforced LDPE composites. Figure 9.4, Figure 9.5 and Figure 9.6 appeared the 

FTIR record of LDPE. optlll1i/ed LD I>E-fiber COIllPO~iIC and after chemical 

trcatmcnt of the optimiced (\\ t%) fiber based composite respectively. 

From the Figure 9.4, it is observed that 719.7 cm· 1 assigned to C-H bending 

dbrations, 1463.33 em-I ascribed to C=C stretching vibrations, 2847 and 2915 cm,1 

ass igned to C-H stretching \ ibrmions. 
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Figure 9A: FTIR of 100% LOPE. 
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The spectrum of composites sho\\ed peaks at about 1645 cm-) and 3395cl11·1 in the 

Figure 9.5 associated to carbonyl (e~ .. O) stretching of acetyl groups of 

hemicellulose and 0 .. 1-1 stretching \ ibrations in the fiber respectively along with 

chamcte..:ri st ics peaks of LDPE. 



, .. 
'00 .. 
" .. 
" ,. 
'" I .. .. .. 
50 .. .. 
" ". -
,., , .. 
'00 .. 
to .. 

I 00 

" 
10 .. .. 
'too. 

Chaplt>,. 9 

I 
r~rv-

\ 
I c-o-~ 

I ~I -_. IIf11:~ 1 
n lnn::aJ -_. . ..... _. 

~ 
Itt1IIW. 

II 
h l"nr.ZJ 

,.-- , 

--. 
.... "" .... 2000 , ... 

cm-\ 

Figure 9.5: FTIR of5% ALS + 95% LOPE. 

··,c-",yo' .... 
1_1(~"" 

n WacOlU 
u ... ~· 

- 1'_ , _. 
"., 

cm-l 

... 

, ... 
Figu re 9.6: FTIR of 5% ALS (Treated) + 95% LDPE. 

",,_, 

,.,._. 
"'_. 

,001) 100 

_._. 

,.., ... 

From the Figure 9.6. it is found that the spectrum of composites showed peaks at 

about 1645 cnl' l associated to carbonyl (C :::::O) strctching of acetyl groups of 

cellulose along with characteristics peaks of LDPE simultaneously intcnsity of 0-1-1 

stretching \ ihrations peak is lower due to alkali treatment of fibcr. 
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9.4.3 Thermal properties of the composites 

TGA and DSC of LOPE granules. optum/cd composite (5 \\ to/'O fiber) and alkali 

treatcd compoSltcs \\ere analyzed by !ollo\dng Figure 9.7, Figure 9.8, and Figure 

9.9 rcspcctivdy. As shown in Figure 9.7. Figurc 9.S and Figure 9.9 the degradation 

process of LDPE startcd at about 400 C and 99. 15% muss change was completed at 

500 C \\herem. it was about 380 C. 360 C nnd 92.23%. 98.55% mass change "as 

completed [II 500 (' lor lhe optim iLcd and chemical treated composites respecti\ely. 

The addition or fibers (Figure 9.8) and betler libcr-matrix adhesion (Figure 9.9) 

decreased thc thcrmal stability of the composites. The temperature peak of phase 

changc of LDPE granules. oplirniled composite (5 \\ t%. fiber) and chcmical treated 

composites \\as 497.0 C. 492.3 C and 476.1 C rcspectl\ cly. The tcmpcrature peak 

of melting slightl), decreased because of mnucnce of added fibc~. showing an 

interaction bet\\ccn tiber and matrix. 
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Figure 9.7: TGA & OSC of 1000
'0 LOPE. 



Figure 9.8: TGA & DSC of 5% ALS +95% LDPE 
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Figure 9.9: TGA & OSC of Treated Composites (5". ALS +95% LOPE). 

9..1 ... SE!\ l anul) sis 

It IS c\pccted that \\ illl the 5 \\1% of tre<Hed libcr reinforcement, the fiben; nrc 

CtllKlblc 10 pro\ ide to the etTeclUal 'Ires~ transfer bc\wct::11 lib(:r~ and the LDPE 
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matrix and concomitant I} increases the tensile strength. The enhancement in the 

strength is attributable to the strong inleractivity between treated fibers and the 

LDPE matrix. as evidenced by a scanning electron micrograph being taken on 

fracture surface of optimized composite containing 5 wt % fibers. 

Figure 9. 10: Image of 5'··, ALS + 95% LDPE composite. 

Figure 9.11 : Image of treated fiber (5%) based LDPE composite. 
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9.5 Conclusion 

Areca nut leaf sheath fiber based low density polyethylene (LDPE) composites 

were optimized with the help of mechanical properties and 5 wt% fiber content in 

the composites appeared higher mechanical properties. Mechanical properties were 

dec! ined with the enhancing of fiber content owing to \\ eak fiber·matrix adhesion. 

SEM and thermal properties supported the idea. Again. Eb declined with the 

intensified of fiber (\\ t%). Chemical treated fiber based composites appeared higher 

mechanical properties cOlnpare to untreated fiber based composites and 

morphological and thermal properties analysis supported the idea. 

PUKe 128 
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Nano Areca nut Leaf Sheath (ALS) Fiber-Gelatin Based PYA 
Film Preparation and Its Characterization 

10.1 Abstract 

Nowadays. a huge amount of agro wasle materials arc produced every day al l over 

the \\orld. Due to the man) advantages of natural fibers from agro waste such as 

environmentally friendly. renewable and low cost etc .. the uses of natural fibers arc 

increascd in the polymer industry . Natural fibers also known as lignocellulosic 

fibe rs contains lignin. a - cellulosc, hemcellulose etc. Naturally. ALS fiber contains 

66.08% of u - cellu lose. After chemical treatment 81.72% u - cellulose extract 

from the fiber. In this present work. nano cellulose fiber (ALS) is used to prepare 

gelatin based PYA film. This nano cellulose has been blended with gelat in and PYA 

at different ratios. The mechanical, thermal and morphological status shows 

variation with different composition. 

10.2 Introduction 

The uses of polymeric materials at various purposes in life reach at a new Icvel. 

Scientist and researchers are more concern and worried about non biodegradable 

polymeric products. Consider the environmental point of view. scientist and 

researchers are working to develop renewable or biodegradable polymeric materials 

using available matcrials in nature III In this research work, nano cellulosic 

part icles arc generated from areca nut leaf sheath (A LS) fiber by acid hydrolys is 

wi th sulfuric acid [2~6J. Comparati vely. highes t amount of cellulose is obtained in 

AI.S fiber and it is 66.08% Pl. Cellulosic part is separated frol11 other parts of liber 

using chemical treatment then nan a particles 18-10) are produced by acid hydrolysis 

\\ hich is used with gelat in and rV!\ blend at differen t ratios. The structural 

characterization of the nano particles used gelatin based PYA film is studied. The 

mechanical, thermal and morphological properties of the film are analyzed. Among 

different fo rmulations. GPnc4 (1% nano cellulose with "gelatin/ PVA = 9515") 

formulated fi lm showed maximum strength and other properties are reported in this 

research work. 
Page /31 
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10.3 Experimental 

10.3.1 Mater ia ls 

From the Opsonin Phanna Lim ited. Barishal. Bangladesh, Gelat in (T) pc A. 

pharmaceutical grade) was collected. The synthetic polymer PV A (Molecular 

Weight: 72000, Fluka Chemic AGCH-9470 Buchs) and concentrated H2S04 (E. 

Merck. Germany) were collected from the local market. 

10.3.2 Nanocryslal suspension preparation 

100% c.elluiose \\as extracted from ALS fiber by chemical ana lysis which was lIsed 

for nano cellulose. For I g cellulose. 2 ml 64% H2S04 was taken in a beaker and 

stirring with glass rod for I hour at room temperature. Aner I hour, 100 ml DI 

\'ater \\as poured into the beaker and mixing properl). Then centrifuge the solution 

at 9500 rpm for 21 minute. Uppcr layer of water was removed and repeated the 

centrifuging step with adding 100 1111 DI water until the solution become 

ncutrali7ed. Then the nanocrystol suspension was prepared at room lemperature. 

10.3.3 Gelatin-PYA/nano cellulose fiber blended film prep.ration 

Gelatin and PVA \\ere dissolved individual!) in hot water \,j th continual stirring to 

produce the solutions. Then a measured quantity of PYA solut ion (5% w/w) and 

nano cellulose (I. 2 and 3% II / W used in Gela tin: PYA = 95:5) was mixed with 

gelatin solution according to Table 10.1. To prepare a homogeneous solut ion. the 

solutions \\ ere blended in hot water for about 90 minutes. The solutions were then 

poured onto the silicon paper-covered glass plate to rorm film. The solutions were 

maintained in a thickness or 4mm on the glass plate. Then the films were dried at 

room temperature for two days [ I I]. 
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Table 10,1 ' Composition of different blending formulations (% w/\\), 

Nano Cellulose (% 

Formulations Gelatin (%) PVA (%) used in Gelatin: 

PYA = 95:5) 

GPne I 100 0 0 

GPcn2 0 100 0 

GPne3 95 5 0 

GPnc4 95 5 I 

GPne5 95 5 2 

GPnc6 95 5 3 

10,3.4 Reaction among Gelatin, PYA &Cellllioso [ 12] 

NH· • OH 

Gelatin 

Nlh+ [-c~-c,H-l + OH 
NH: OR OH 

n Cellulose 
H:O, P\'A 0 

NH-cH=CJ('" OH 
NH: '\ HO 

NH: \. 
H:O 

10.3.5 Determination of the tensile properties of the films 

• 

The tensile tests of the films were perfonncd using an electro-mechanical testing 

machine under a maximum load capacity of SkN \\ ilh a crosshead speed of 10 

mnl/min and gauge length of 20 mm. Tensile strength tests werc executed according 

to DIN 53455 standards methods. Five specimcns tor each sample were examined 

in the instrumcnt. 
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10.3.6 fTlR analysis 

111e stmctur,1 study of thc tilms was carried on applying a Perkin Elmer Fourier 

Transform Infrared (FTIR) spectrometer with an allachment of ATR accessory. 

The spectra were noted over the range of 4000~650 cm- I at a resolution of 4 em· I
, 

10.3.7 Thermal analysis 

Temperature is a primitive state mutable that affects most structmal transformation. 

physical properties and chemical reactions. The thermogravimetric analysis (TGA) 

and DSC of the films used to find outlhc physical changes occurring in Ihe maleri,1 

of the Glms due 10 tcmpcrature effects [131. 

10.3.8 Surface morphology 

In case of film Iype malerials, surface morphology plays an importanl role. The 

strong adhesion between nano fibers~matrix such as gelatin and PYA exhibits 

superior tensile properties. Field emission scanning electron microscope (llitachi S· 

4000) was used to investigate the breakage suriaces of Ihe tcnsile samples of Ihc 

films operating al 5 kV. 

10.4 Results and Discussion 

10.4.1 Mech.nical properlies of Ihe IiIms 

Tensile strength and Elongation.at~break etc. mechanical properties of the films arc 

most imponant features for the application of interests. The highest tensile strength 

value observed for 1% nano cellulose fiber added gelalin-PVA blended Glm and il 

is 39.2 MPa and il is observed in the Table 10.2. 
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Table 10.2: Mechanical properties of Gclatin-PYNnano cellu lose fiber blended 
li lm. 

Form ulations Tensile Strength Elongation -a t-
(M Pa) break (%). 

Mean±SD Mean±SD 

GPnc I (Gelatin-I 00%) 41.34,1, 1.7 3.32,1,0.4 

Grnc2 (PYA- IOO%) 30.06±I.S 164.2±3.8 

GPnc3(Gelain/PY A=9S/S) 34.94± 1.6 5.1±0.5 

GPnc4(1% nano cellu lose in GPnc3) 39.2±1.6 5.8±0.6 

GPnc5(2% nan a cel lulose in GPnc3) 35.12± 1.8 6.2±0.8 

Gl'cn6(3% nano cellulose in Gl'nc3) 33.19±1.9 6.3±0.7 

10.4.2 St ructural ch ~l nlcte rizat ion 

To detennine the structural characterilat ion of gelat in. PYA. PYA with nano ALS 

& gelatin. PYA and nano ALS fibcr 111m and optimized (wt%) nano cell ulose 

blended gelatin-PYA 111m. FTIR is a useful technique. Figurel 0.1 showed the FTIR 

record of the films. From the Figure 10.1. it is observed that 1630- 1657 em" 

assigned to carbonyl (C=O) stretching of acetyl groups of nano cellulose, 1451 cm" 

ascribed to C=C stretchi ng vibrations. 3IS2-3153cm"and 1542- IS43 cm" assigned 

to N·H and C~N stretching vibrations respectively. 
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Figure 10.1 : FTIR ofgelutin. PYA. PVA \\ith mulO ALS & gelatin, PYA and nano 

ALS libcr lilm. 

10.4.3 ThermallJroperties oflhe films 

TGA and DSC of PYA & Nano AI.S lilm and gcialin. PYA & Nano ALS 111m, 

wcrc analYLcd by follm'ing Figure 10.2"'nd Figure 10.3 rcspccti\'ely. As sho"n in 

Figure 10.2 and Figure 10.3 the degradation procc~~ of PYA & Nano ALS film and 

gc lat1ll, PYA & Nuno ALS film rc~pecti"cly and 6.95 % mass change "as 

completed at about 200 C tempenHure of the nOll gelatin jihn "hcrcas 9.11% mass 

change \\ as compll!tcd at 154. I C for the gelatin. PYA & Nano ALS film . The 

bcth;r nano cellulosc·matrix adhesion (Figure 10.3 ) declined the thermal stability of 

the lilm. The tcmpemturc peak of phase change of PYA & ana ALS film and 

gelatin. PYA & Nano ALS film \\as 283.3 C. and 282.6·C rc:-.pecli\C~ly. The 

tcmperature peak of melting slightly decreased because of influence of added 

gelatin. show ing an interaction bc!\\ cen nan a cellulose and matrix. 
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Figure 10.2 : TGA & DSC of PYA + Nano ALS film. 
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10.4.4 SEM analysis 

The nano particles are capable to provide to the effective stress transfer between 

gelatin and PYA and concom itantly increase the tensile strength shown in Figure 

10.5. The improvemenl in Ihe slrenglh is allribulable to the strong interaction 

among nano fibers with gelatin and PV A. as evidenced by a scanning electron 

micrograph being taken on fracture surface of optimized film contai ning I \\l % 

nano fibers. 

Figure 10.4: PYA + 1% ALS nano 

fiber film. 

Figure 10.5: Gelat in. PV A & 1% 

ALS nano fiber mm. 
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10.5 Conclusion 

In this study reveal that 1% nano cellulose added PVA·95% gelatin blend film 

shows the highest TS (39.2 MPa). which is 12.19% higher than that of nano 

cellulose free PVA·95% gelarin blend film. It is also found that due to excess 

adding of nano cellulose (2% or 3%) in the PVA.gelatin blend film the TS values of 

the films are declined considerably while Eb values are enhanced. On addition. 

nano cellulose acts as tiller between 5% PVA·95% gelatin blend film which 

enhance mechanical properties and morphological and thermal properties 

investigation supported the objective. 
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Conclusion.'; 

CONCLUSIONS 

The ambition of this analysis was to evaluate the benefits of reinforcing 

pol) propylene (PP) \\ ith naturally areca nut leaf sheath, woven coconut leaf sheath 

and coconut stem shon fibers, ALS fiber contained highest % of a-cellulose than 

that of others. Fibers filled composites were fonnulated by instrumental technique 

varying the fibers loading. Tensile and bending strength were intensified with the 

enhancing of fiber content up to 10 wt% and thus it was considered as optimum 

fiber loading. Again. reinforcement decreased the thermal stabi lit), of the 

composites. 250Krad Gamma treated 90% PI' & 10% ALS fiber prepared 

composites sho\\ed highest qualit), than that of other doses. The highest TS. TM. 

TM and BM of the optimized wt% of ALS fiber used 55% PI' in PP & PVC hybrid 

matrix based composite were found 41.32 MPa, 63.44 MPa, 785 Mra and 977 MPa 

respectivel) . It is noted that better fire retardant propeny \\ as also attained for 20% 

MgO based ALS composites but in case of gelatin & PVA based 1% nano ALS 

fiber film. 30% MgO performed better result. In addition, 5 \\'t% ALS fiber-based 

LDPE composite represented almost highest mechanical properties. Alternatively. 

alkali treated ALS fiber prepared composites showed highest qualit)' than that of 

untreated. The new agro-fibers based composites would make feasible to investigate 

latest utilizations in addition to new markets in fields of decorative and constructive 

purposes such as packaging, furniture, housing, automotive, aviation and shipping 

sectors etc. 
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