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Abstract

A simple hot press molding technique was used to produce Poiyvinyl Chloride (PVC)-

sawdust composl1cs. The various physical, mechanical, thermal amI clectrical properties

were investigated on composites prepared from PVC and different size sawdust. Bulk

density has been investigated and Wall found to decrease with sawdust addition.

The flexural strength of fabricated product slightly increase with thc increase of sawdust

addition where as flexural strain increases with the increase of sawdust addition Tangent

modulus decreases with the increasc of sawdust content. The tensile strength increases

and tensile s\rain decreases with the increase of sawdust addition. Thus Young's modulus

has been calculated and is found to illerease with the increase of sawdust addition.

The thermal behavior of PVC- sawdust composites was analyzed by Thermogravimetry,

Differential thermal Analysis and Differential thermogravimetry. Degradation have been

investigated for sawdust, PVC, composite. The degradation behavior of the composite is

intermediate to those of PVC,and sawdust.

The current-voltage (I-V) characteristics of PVC -sawdust composites having differcnt

weight (%) sawdust have been investigated at different temperatures The I-V curvcs

show ohmic nature in the low temperature and become 000- ohmic at elevated

temperatures. Resistivity have been calculated and is found to decreases with the increase

of sawdust (wt%)conlent.
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1.11ntroducliop
Composite materials can be defined a, substances consisting of two or more physically

distant and mechanically separable materials. Over Iasl lew decades, composite materials,

plastic, and ceramics have been the dominant crncfl,\ing materials. The volume and

number of application of composite materia],; have grown sLcadily by pcnc\n1ting amI

conquering new markels relentlessly. Modern composite malerials constitute a significant

proportion of the engineered materials, market nlflging from everyday prodllcts to

sophisticated high tech application, While composite have already proven there worth as

weight saving materiul, the currently dlullcngc i, to make them cos! cill.."<'livc.The "Ireels

10 produce economically al1mctive composite compounds have resulted in scvend

innovative manufacturing techniques cmrcnt being used in thc composites iodllStry. The

composite technology of u polymcric matrix reinforced with man made fibers such as glass,

Kevlar, curbon, ete, has come of age especially with the advance in aerospace applications

since 1950s
Materials property combinations and ranges have been, and are being, extended by the

development of composite matcrials .• Composite materials represent tlolhing bul a giant

step in the ever-constant endcavor of optimi7;llion in materials property. Strictly speaking,

the idca of the composite is not a new or recent one. Nature is full of example wherein the

idea of composite is used.. Wood is fibrous composite; cellulose fiber in lignin matrix. The

cellulose fibers have high tensile strenb>thbut are very flexible. Vvhile the lignin matrix

joins the fiber lumishes the stiffness [3]. Besides nalUral1yoccurring composites, there are

many other engineering materials that are composites in a very natural way. Among the

modern structural materials, the history of fiber_reinforced composites is only three decades

old. Howcver, in this period of lime, there is a tremendous advancement in the science und

technology of the new classes of materials. The low density, high Strcllb>th,high stiffness

to weight rallo, excellent durability, and desib'Tlflexibility of fiber reinforced polymers

are primary reasons for their usc in many structural components in the air craft,

automoli ve, marine and other industries [4J

-I-



Nntural fibers arc a promising reinforcement to use in thermoplastic composites due to

their low density biodegradable, less expensive and exceilent mechanical propertics as

alternatives to synthetic fibers e.g. glass, carbon clc. Further more the natural fibers such

as sisal, jute hemp, sawdust and flax etc. arc relatively cheap and obtained from

agricultural renewable resources in many developing countries in the world.

Composite rabricated using thcse naturai libers have the potential over the synthetic fiber

composites and are currently being explored in sectors like automobiles and buildings.

The lightweight natural fiber reinforced polymers have a weight saving potential, lessening

the depeodency of automobiles on fo"il fuel resources. The natuml fibers however,

exhibit large variation in quality, are thcnllally less stable and are sensitive to moisture

absorption.

For manufacturing of reinforced composite materials, factors ~ueh as fiber content, fibcr

diameter, fiber length, void contcnt matrix properties, fiber-matrix bonding, fiber

oricntation and IIber properties are very important as they determine the final properties

oflhe natural fiber reinforced composite compounds. [6]



1.2 Review orlhe Earlier Research Work
The history of human civilization and social development is strongly intertwined with the

pervasive role of materials _ namely, the substances that are acce!,sible 10mankind and can

be processed 10 exhibit the desired properties for making things. The complexity of

blomaterials available today is a result of the continual demand to improve the quality of

biomaterials needed for technological advancement. Biomaterial researchers around the

world work to develop both new biomaterial> and also improve existing ones. The new era

of science and technology know how in research development is a foundation for every

other procedure.
Sombatsompop and Caochanchanchaikul [7J worked out research on PVC sawdust

composite with differenl silence coupling agent. Unique explanation are given to describe

changes in the mixing torque and tensile and impact properties of PVC wood sawdust

composites alTccted by various types and concentrations of silence coupling agents.

Concentration of .5-1.0 and 1.5% coupling agent are recommended for the optimization of

the tensile and impact properties of the composite, respectively. Changes in the tensile and

impacl properties oflhe composites, with low sawdust content were more scnsitivc to the

addition of silence coupling agents than those with high sawdusl conlent. The effect of

sawdust content they found that the composites with a higher sawdust content exhibit a

lower tensile strength than those with a lower sawdust content. Compositc with higher

sawdust content were likely to contain greater moisture content because the wood

sawdust was hyperlink and thc water nJolcculcs on the tiber surface coule.! promote or

accelerate the self condensation reaction of the coupling agcnt and increasing the wood

sawdust contcnt automatically increased the interfacial dcfects in thc PVC matrix.

Sombatsompop ct al. [8J carried out rescarch 011maJe\c anhydride grafted PP and impact

modifiers on mechanical properties of PP/wood sawdust composites. The concentration

of wood sawdust was also varied. The experimental results revealed thcir increasing the

wood ftber inlo the PP matrix reduced the overall strength and loughness of the

composites. It was observed that the highcr the impact concentration, tile greater the

improvement in toughness orthe PPI wood composites, and there rore an impact mndifier

with high co monomer content and high melt now rale is recommended, They suggested

that thc wood fiber content was increased, the overall strength and lOughness of the

-,-



composites decreased. The toughness of thc I'Plwood composites cO>.lldbe regained by

adding an impact modilicr content enhanced the toughncss of tile composites.

Las Penns [9] worked on the composite materials comprise a matrix ofthcrmoplastic PI'

or mixtures with polymers, additivcs, stabilizers, anti- oxidants, dyes, etc. charge or

reinforeement of vegetables fibers. The fiber may eoir, sisal, jute, hemp, ramie, flax,

cotton, kapok, and kenar, alone in mixtures with or without pretreatment to enllance

compatibility with the matrix, and as fibers of .5-12 mieru ffi. or ground into a granulate

material. The composite may contain 30-70% fibers and may be processed by extrusion,

ealentering lamination, optionally coated with another woven of non woven materials and

finany molded in cold molds to obtain final forms. The materials have mechanical

properties which are improved with respect to conventional similar material and arc

indeed for use as intcrnallining motor vehicles, essentially, in the construction industry

as insulation or decorative materials, in the packing industry.
Bledzki and Faruk[IO] worked on four type or wood fiber (hard, son, long, wood chips)

were used to prepare wood fiber reinforced PI' composites. The effect of coupling agent and

fiber length and gcometry on the performance or wood fiber PI' composites has been

investigated. Wood chips PI' composites showed better tensile propelties comparative with

other wood fiber pp composites with addition of 5% MAH-Pl'. Hard wood fiber PI'

composites showed beum impact value<;compared to other. l.<lng wood fiber and wood

chips pp cotnposite~ sllowcd lower llygroSC<Jpiccomparative to hard ami son wood fiber pp

composites.
Thermoplastic- natural fiber composites containing polymeric interfacial blending ab",nls. A

natural fiber-thennoplastic composite comprises porous natoral cellulose ,fibers, a

thermoplastic material, a porosity aid, and an interfacial blending agent which is a

polymeric substance. A process of preparing such composite includes the steps of mixing the

natural fibers ;md the thermoplastic material in a blender with a porosity aid ;md an

interfacial blending agent to from a mixture; adding the mixture to a heated extruder;

compressing the mixture with an extruder screw having a plurality of flight sections, at

least one of the flight sections serving as a compression flight sections which compresses the

mix.tureby having its flight spaced closer together than other adjacent flight sections, and at

least one other vent flight sections which allows gaseous reaction products to be removed

.,.



from the extrudcr through a vent in the c)(trudcr by having it~ night ~padcd farther a part

than the compressinn section, thc vent night section being positioned aficr thc compression

flight section e)(truding the mixture Through an e)(trusion die as a composite and shaping

thc compositc in a vacuum calibr<ltion device to a dcsired profile. '1he process l'urthcr

indudes the stcp of co-extruding a second thermoplustic on 10 the natural fihcr-

thermoplastic composite for some applications (e.g., window~, doors and siding).showcd

lower hygroscopic compamtive to hanl and soil wood fiber PP compositcs Ill]

Yang cI al. [121 studied sisa\l?VC composites with respect to the effects of fiber and

matri)( modification, Processing parameters on the mechanical and water resistmce

properties. Their main objective is to obtain the best processing parameters and interface

modification to make novel sisal/PVC Compositcs. To make good usc of Sisal fiber and

PVC, it is important to improve the interface. So that better mechanical propertie~ of the

composite can b<:obtained. But unfortunately, their results show that thermal treatment,

acetylaling and coupling agent improve neither the interface nor the mechanical

properties. On the contrary, the untreated sisal_fIber_reinforced PVC composite posses

better mechanical properties. These results have been explained by the small fiber-

volume fmction (18.5%) of their composite and the melting processes method that leads

to the poor immersion of fiber in thc PVC matrix. Also, both treated and untreated

sisal/PVC composites have quite good moisture resistance.
Manikandan et at (l3J studied the tensile properties of shorl sisal_fiber_reinrorced

polystyrene composites. Untreated and benzoylatcd Sisal fibers were used to produce the

Composite and tbe influences of fiber length, fiber content, fiber o,icntation and fiber

benzoylation were investigated Variation in fiber length produecs no considerable change

in the modulus of the composites but gives maximum tensile strength (25M Pa) at a fiber

length of about lOmm.
Bledzki ct al. (14J worked out research on wood PI' composites of dilTerent composition

have been prepared using malice anhydride--polypropylene(MAH-PP) co_polymer of

different peroentage. Tensile, flexural, fracture toughness and impact test of the prepared

were carried out. From the resu!l it is observed that the hard wood fiber PI' composites by

using mileated Pi' shows comparatively better performance to sofi wood fibe, PI'

composites.

- ,-



Kabir et .'11.[151 worked on PP-13aga'se compositcs. They round that the density

decreases with thc increases of fiber addition. The tensile strength nr composite product

decreases with the increases of fiber addition They found that the fiber bums uut above

1800c,so polymerization process couid not proceed.

Jang et al. [16] studied the mechanical properties ur several hybrid composites containing

bolb continuous fibers and whiskers .Adding a small amuunt of inclusion in lbe epoxy

resin ean result in an improvement in the energy absorbing ability of a fiber composite. A

unifonn dispersion of the particulate whisker phase is essential to the achievement of

balanced mechanical properties. Raz;r,ak and Bhuiyan reported the structural l17] and

electrical [18] properties ofPP Bijoypur white clay (BWC) composites. Due to inclusion

ofBWC lbe PP structure was modified.

Mayama et al. [19] werkcd on the composite sheets are prepared by luying mixti.lres of

reinforcing fibers with a three dimensional structure, hydrophilic polymer (A) particles

WIth average diameter 5 - 2000 !-1mand moisture-absorbing particles (13) with ratio of

average diameter ofB partieies to avcrage diameter of A particles )-3.3-1 in a mold on a

planer surface and heating the mixture at or above the m.p. of A to give porous composite

with the core containing A and B and have the surface partially or wholly containing A

and B. The sheets are useful as shoe insole and dew inhibitor. Thus 100 hundred parts

Sunfine SH (HDPE) and 0.3 part polyglycerol isostearate were mixed to give a

hydrophilic polymer which was mixed with three parts pes and fed to a mold containing

a fiber structure composing polyester fibers and polyamide mono filaments. The mold

was heated at 140_150oC to give a composite sheets showing moisture abso'Plion 0.01

gig H20 abs0'Ption 0.86 gig porosity 46.7% dimensional change after water absorption

0.16% tensile strength 35 Kg/em" and impact strength 13 Kg-cmlcm'.

Rowel el al. [20] results suggest that agro-based fibers nte a viable alternative to

inorganIc mineral-based reinforcIng fibers in commodity fiber thennoplastic composite

materials as long as the right pro<:<:ssingconditions are used and for application. These
renewable fibers have low densities and high specific properties and thcir non-abrasive

nature Permits a high volume or filling in the composite. Kenar fibers, for cxample, havc



excellent specilic properties ami nave potential to be outstanding reinforeing fIllers in

plastics, Severaltypcs of natura I fibers, e.g., Kcnaf, Corncob, Oat hulls, rice hulls, Peanut

hulls and soybean hull residue, were blended with Fortilene 1602 PI' and then injectiOn

molded, with the fiber wt, fractions varying to 60% A compatibiliL.cr or a coupling agent,

e.g., Epolene G 3002 a maleic anhydride-grafted Polypropylene, was used to improve the

non"polar matrix and the polar lignocellulosic libers. The ~pu<:ijictensile and flexural

moduli of a 50%, by wI. (39% by vol) of Kenaf-PP composites compare favorably with a

40% by wl. of glass Iiber {l9% by vo!.).pP injection molded composites. Further more,

Preliminary results suggest that natural Iibcr-PP composites can be reground and

recycled.

Monteiro et a1. [21] studied Onthe structural characteristics and mechanical properties of

coir Iiber and polyester composites. Random orlcnted coir fiber_polyester composites

were low-strength materials, but could be designed to have a set of ncxural strength

building elements. The lack of an efficient reinforcement by colr fibers the composite

was attributed to their low modulus of elasticity in comparison with that of the bare

polyester resin. With the fabrication route used, two different products were obtained,

namely: rlgid composites, for tiber loading less than 50% wi, and agglomerates, when the

tiber loading was higher than 50% wt.



1.3 Objective of the Present Study
As mentioned in the introduction, composites with natural fiber reinforcement play

important role in the development of ~ciencc und technology. From the review of

literature it is seen that lot of efforts have bf;lllnput on the study of natural fiber reinforced

composites for their modified mechanical, eloctrical, thennal, etc. properties. The usc of

sawdust and their effects on the composite properties arc not well studied. The use of

sawdust, derived trom the renewable source, as reinlorcing fibers in thermoplastics

composites may provide positive benefits with respect to ultimate disposability and raW

material utili ••.ation.

This work was aimed at preparing and characterizing sawdust reinforced PVC

composites. The composite of different compositions of sawdust and PVC were prepared

by hot press molding method. Density and water absorption of the ditTerent composites

were measured. The tensile and flexur-I! strengths of the sawdust reinforced composite

were also investigated. Investigation of mechanical prop<:rties allowed to the understan

ding the effect of sawdust on this property.

DTA and TG were employed for the thermal analyses of the composites. DC electrical

measurements were performed at different applied voltages and different tcmperdtures on

PVC-sawdust composites of ditTerent compositions to understand the effect of sawdust

on the electrical properties. These studies indicate the relation between structure and

prop<:rty,which help finding applications ofthesc composites in science and technology.

- " -



1.4 Summery of the Thesis
To make this research work reader friendly this dissertation has been configured into six

chapters.
In the first chapter, a general introduction is presenled where an idea about the natural

fiber, composite, fabricated composite are summarized. Some earlier and recent works of

a number of literatures arc reviewed to understand the scientific importance of tho~e

studies needs for lbe present invesligalion and the objectives of the 5ludy.

In chapter two, the details about polymer, classification about fibers are described.

Cla:;silicatiotls of composite material5 arc briefly describe<!. Deformation, stress, strain

and thermal analysis are focused at the end oflhis chapter.

The experimental procedures are briefly explained in chapter three alOng with description

of the sample preparation, raw materials .Tbe instrument, measurement principles are

discussed briefly. Testing method is explained lastly in this chapter.

In chapter four, results and discussion arC thoroughly explained. Bulk dcn5ity, thermal

analysis and mechanical properties (tensile and flexural) arc discussed and current

voltage characteristics arc discussed at the end of this chapter.

Finally the conclusions of the work done and suggestions for future reooarch on these

composites are included in chapter five.

- 9 -
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2.1 polymer
A molecule has a group of aloms, which have slro~g bonds amo~g them~lves

but relatively weak bonds to ac;jaccnt molecules. EJ<ample5 of small molecules arc

watcr(HJ;O),Methanol(CI'I,OH),carlxlIldioxide ami so on plllyme,-" co~lJlin thousands III

million of atoms in a molecule which is large, they are also called macrom(,lccul~,

polynu:I'ii arc prepared by joining a large number of small molccul~ called monomen;.

Polymers can be thoughl of •••' big buildings and monomers as the bricks that go into

them, Monomers are generally simple organie molecuies containing a double bond or a

minimum of lwo active functional groups. Polymers are structurally much more complex man

mctaIs or ccrnmics.They are cheap and ea~ilypossible. On the other hand, polymers have lower

sLrengthand modulus and lower ternpcralure usc limits prolonged cxposure to ultraviolet light

and somcsolvcntcan cause the degradation of polymer properties.

Because of predominantly covalent bonding, polymers arc generally poor conductor of heat and

electriclly. Polymers however arc generally morc resistant to chemical man other metals.

2.1,1. General classification of polymers

Polymers are classified onmany points of view.According to-

1) Solll"CC

2) Nature of the backbone chain of polymers.

3) Characterislic towards that.

4) Ultimate nature.

S) Chemical structure

6) Methodorsynthesls

7) Composition

8) Polarity
Polymers are mainly two types sueh as-

I) Thermoplastie Polymer

2) Thennosetting Polymer.

Thermoplastic Polymer-These polymers soften on heating and can be converted into

any shape that they can retain on cooling. The process of heating, reshaping and retaining

!he same on cooling can be repeated sevcml times sueh polymers, that soften on heating
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and stiffen on coolillg are tcnned lhermopWstics polymen; example polyelhylene, P.V .C,

Nylon etc.
Thennopl3Slics have one or two dimensional molecular structure and lhey tend to soften

atlln elevated temperature and show exag,geralcJ melting poinl. Another advantage is

that the process of sifting at elevated temperature can be reversed to regain its properties

during cooling, fa<.--ilitlltingapplication of mould the compounds.

This type of polymer consists ofJinear molecular chains which arc not cross-linked.

Instead, the attractive forces between the chains are the weaker secondary bonding forces,

1,e, Vanderwall's fo=. Thus they are nolas rigid as the thcnno sets, and exhibit upon

heating.
The advantages ofthcrmoplaslic syslcn15 over thermo ~eL~arc that there arc no chemical

reaction invelved which often result in the time required fer hcatillg, shaping and cooliJJg

the structure,

Thermoplastic resIns arc sold as molding compounds. Fiber reinforcement adapt for these

resiru;. Since the fiber are randomly dispersed, the reinforcement will generally be

almost isotropic. However, when subjected to molding processes, lhey can be aligned

directionally.

Briefly some important characteristics ofthermoplaslies are given bc1ow-

.Short melling time

.Processing is easy

• Re<;yclable

• High fraeture toughness

• Poor chemical resistance

• High shrinkage.
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As our compositc plate is madc by using PVC rcsin as matrix therefore we havc only

discussed about PVC re:.in below .
PVC is one of the least stable or commercially available polymers. Thc polymer fusl well

known during World Warl I as a substitute for natural rubber for wire insulation and for

water proofshecting. After Ihe war it retained some of these applications uses inlhe areas

of flexible sheeting, hose piping and small moldings. In many instanccs poor formulation

gave the material a bad reputation which took some years to eradicate. Over the years

many of the additives came under scrutiny concerning their toxicity bul the discovery that

the monomer had a number of undesirable toxic characteristics caused considerable alarm

and revision of manufacturing procedures in the 1970s. Mure recently there have been

worries concerning the use of plastici~.ers in applications requiring contact with food. In

addition there has been concern about the nature of Ihe decomposition products of fire

and of oompositing. Finally, as a long cstablished matcrial it was considered to be down

market or indeed obsolescent Not surprisingly, it has been subject to incrcasing

substitution by newer polymers. In the massive form poly vinyl chloride is a colorless

rigid material with limited heat stability and with a tendency to adhere to metallic surface

when heated. For these, and other, reasons it is necessary to compound thc polymer with

other ingredients to make useful plastlcs materials. By such means it is possible to

produce a wide range of products, including rigid piping and ~ofi elastic cellular

materials.
Polyvinyl chloride has a good resistance to hydrocarbons but some plasticizers

particularly the less polar Olles such as dilutees separate, are extracted by materials such

as iso- octane. The polymer is also resistant to most aqueous order transition temperature.

Polyvinyl Chloride compounds are reasonably good electrical insulator over a wide range

of frequencies but above the second order transition temperature their value as an

insulator is limited 10 low frequency applications.

Thermosetting polymer- These polymers undergo some chemical change on heating and

convert themselves into an in fusible m~s. They arc like the yolk of the egg. which on

heating sets into a mass and once set, can not be reshaped such polymer, that become and

infusible and is soluble mass on heat are called thermosetting polymers. Ex-phenols,
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polyester, epo){ies resin,
This group of polymers is characterized by three- dimensional netWorks. Such non-

linearity occurs when these arc more then two reactive sites per monomer and ero,s-

linking takes place between linear chain,. Indeed, this type of polymer is initially cured

or hardened by the application oCheat, hence the tenn thenno set.

Thenno sets arc the most popular of the fiber composite matrices. Aerospace components, auto

mobile parts, dcfensc system, etc usc a great deal of this type of fiber composites. Again, in

tenns of molecular structure different configuration of polymers is as follows-

Linear polymer-This type of polymer consists of a long chain of atom with attached side

groups. Ex_polyethylene, polyvinyl chloride.
Branched polymer-Polymer branching can occur with linear, cross-linked or another type of

polymer.
Cross-linked polymer-In these case molecules of 011chain arc burned with those of matter,

cross linking of molecular chain result in three dimcru;ional networks.. Cross linking make

sliding of molecules past one another difficult.Thus making the polymers strong and rigid.

Ladder polymer-If we have two linear polymers linked in a regular matmer, we get a ladder

polymer not unexpectedly.Ladder polymer are more rigid that lin= polymers.

2.1.2. NatuI1ll and Synthetic polymer-Depending on their origin, polymeru can be grouped as

natural or synthetic, Those isolated from natural materials arc called nalUra!polymers. Typical,

Tropical ClWffiplesarc cotton, silk, wool and rubber, cellulose rayon and so on are infect

chemical modification oC natural polymer.
Polymers synthesis sized from low molecular weight compound arc called synthetic polymer.

Ex_polyethylene, PVC, Nylon.
2.1.3. Organic and Inorganic polymer-A polymer whose backbone chain is essentially made

of carbon mom is termed an organic polymer. The atoms a1taehedto the side valences of the

backbone carboo ltIom arc however, usually those of hydrogen, OJ<ygCll,nitrogen etc. The

majority of synthetie polymers arc organic and they are very extensively studied.
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2.1.4 Brief Description ofsome polyme,""]22]

polyethylene-

Monomer -Ethylene (H1C=CH:a)

Polymermuion- LDPE- Free ralica! Initiated chain polymerization

HOPE: Ziegler-Nattaor metal oxide catalyzed chainpolymerization.

M!jor uses (I..DPE)-Film3Ildsheet (95%) bouse wares and toys(16%),wire and cable eoating(5%)

Q-]DPE}-Boules(40"10), house wares containers, Ioys (35%), ti~ 10%, film and sheel (5%).

Polypropylene

ICH3
Monomer: Propylene (CHt=C-H)

Polymcrization-Ziegler-Natta catalyzed chain polymerization.

Monomer -Vinyl chloride (HC1= C-H) Polymerization-Fre<: radical initiated chain

Polymerization-Ziegler-Nalta eataly1-cd chain polymerization.

Uses-fibre products (30%), house-wares (15%), automotive parts (15%)

Poly Vinyl Chloride Cl
I

Monomer- Vinyl Chloride (HC2=CH)

Use-pipe and filtings (35%), film and sheet (15%) flooring materials (10%), wire

and cable insulation (15%), auto motive parts (5%) and adhesive and coating

Poly (Vioylidene Chloride)

Monomer - Vinylidene CWoride (CH2=CCb)
Polymerization-Free radical initiated chain polymerization.

Usc-Film and sheeting for food

packing. Poly styrene

Monomer-styrene (C(,HsCH=CH2)

Polymerization-Free radical initiated chain polymerization.

Use- Packing and containers (35%), house wears, toys and

recreational equipment (25%), appliance parts (10%) disposable

food containers (10%)



2.2. I<'ibcrs

Fibers may be found in almost any part of the plant - stems, leaves, roots, fruils, and

even seeds. Physical properties of fiber, such as, breaking strenbrt!J.,extensibility,

flexibility and moi5ture absorption etc. all depend on a number offaetors of which the

length or size of the fiber molecules, the mode of aligrunenl amongst them and the

nature and inten5ity of inter chain cohesive forces are important. In pure edJuloses

fiber thc lateral cohe5ive fi)ICeSincluding hydrogen bonds have maximum intensity in

the crystalline regions, where the chain molecules are arranged in a more organized

manner. The crystalline portions contribmc in the strength and rigidity of fibers, while

amorphous portions, which allow the better freedom of movement of the chain

molecule account for extensibility, flexibility and moisture affinity

Like tensile strength, the other properties of fibers, such as extensibility and

flexibility are also influenced to a great extent by the ero5s-linkage5 in the amorphou5

region5 usually, the low inter chain cohesion in the amorphous regions permits a

better freedom of movement to the chain molecules as a result ofwhieh the5e regions

in part the above useful qualities to the fiber.

2.2.1. Structure and occurrence of fibers
Although put to so many different uses, and perhaps differing in texture, strength,

chemical composition, and place of origin, with few exceptions fibers arc alike in that

they arc sclerenchyma cells and serves as the part of the plant leave:;. For the most

they arc long ccll with thick walls, correspondingly small cavities, and usually pointed

end5.The walls often contain lignin as well as cellulose. Fibers may occur singly or in

small groups, but more likely to fonn sheets of tis5ue with the individual cells

overlapping and inter locking.

Among the more important may be montioned the Pa/maceae, MU.l'Gccae,Liliaceae,

AmaryIlidaceae, Urlicaceae. Ma/vaceae. Linaccae, lJombacaceac, Legum/nasal'.

Moraceae, Tiliaceae. and Bromeliaceae.

Main organic components of the natural fibers are Cellulose, Hemicellose, Lignin,

and related products. Now we deseribe about them:
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Cellulose

Cellulose pertains to the class of carbohydrates. It contains 44.4 percent of carbon, 6.2

percent ofhydwgen and 49.4 percent of oxygen"

Cellulose is the prindpal constituent of all plant life. II is a Jinoar polymer of

anhydroglucose units linked in"1 and 4 position by a P-glycoside Jinks. the empirical

fonnula of cellulose (Ce;I-IIOOl)n corresponds to a polyanhydridc of glucose. The two

tenninaJ glucose residues of a cellulose molecule contain two diD'ercntend groups; one

contains a reducing hemiacetal group in the position Cj, and is therefore, known as the

reducing end group, where as the other contains an extrd secondary hydroxyl group in

the positionC4and is knovmas the non-reducingend group. lhe structure ofecllulose is
written as follows:

The structure of ccUulose :

Cellobiose re.~idue= repeating unit of cellulose

There arc one primary and two secondary alcoholic hydroxyl groups in each basic

anhydrous-D-glueose unit (C6HIOOS)n, which arc ammgcd in positions 2, 3 and 6

respectively, on the basic unit The reactivity of the hydroxyl groups varies in

different reactions. In many reactions (mainly esterification) the primary hydroxyl

groups have a greater reactivity. The two secondary hydroxyls, at the second and third

carbon atoms, differ somewhat in their reactivity. The primary hydroxyls of cellulose

elementary units are responsible for the storability and dye ability of cellulose

materials. Cellulose is highly stereo specific. The high hydroxyl content of cellulose

- 16-
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might suggest high water solubility. This is because of stitTness of the chains and

hydrogen bonding between

,, ,OH 01-1 ,, ,, , , , , ,, , , , ,, , , , , ,, , , , , ,,, , , , , ,, , , , , ,, , , , , ,, , , , ,, , , , , ,, , , , , ,
, , , , , ,
, , , , , ,, , , , ,
'OH 'OH

,
'OH

Hydroxyl groups of adjacent ehain as shown in the following figure. Hydrogen

bonding in adjacent chains; Besides hydrogen bonding, another type of linkages called

"Semiacetallinkages" is present octwcen the adjacent chain molecules of cellulose.

From X-ray dilIr"ction diagram, it has becn concluded that cellulose has two regions:

crystalline and amorphous. In the amorphous region the polymcr chains end to be folded,

and consequently, they will have rather different properties thc crystalline Ieb>ion.1\ is in

disordered regions that the mosl of the chemical reactions lake place with cellulose.

Again, polymeric fibers arc never completely crystalline. TIlls interconnection of

crystalline and amorphous regions enhances the strenb'!h oftha pclymer.

As early as 1920, Herzog and Janeke [23 J recognized thal cellulose from such widely

different soW'Cesas eolian, ramie, wood, jute and flax gave identical X-my diagranl and

concluded thai these fibers had identical crystalline structures.

Hemi cellulose

Hemi cellulose is a group of ecll wall polysaccharides. The isolated hemi cellulose is

amorphous substance. The cellulose and lignin of plant cell walls closcly

interpenetrated by a mixture ofpolysaccharidcs called hemi cellulose. It is soluble in

dilute alkali and they arc readily hydrolyzed to pentose and hexose's with some

uromc acids.
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Sarker and others [22J showed xylose linked with methyluronic acid formed the basic

building units ofhetni cellnlose in jute. 1l appeared that six xylose units were linked with

J-melhyl glucuronic acid unib.
Thc hcmi cellulose i~ relatively short chain compounds and, therefore, occupies

longitu- dillally thc same space as the anhydroglucose unit in cellulose chain. The

short chain polysaccharides would, therefore, pack rigidly into the oriented cellulose

strueture bctwecn which some cross bridging or looping may also occur.

The structure of hemicellulose:

I[ II

" """ 011

0)L ,,--
-0 '"'" ,

H II ,,-
"

,
" 0 ,

" "

Lignin

Most plant tissues contain, in addition lo carbohydmte and cxtractives, an amorphous

polymeric gummy material is called lignin. The nature of lignin and its relationship to

cellulose and other constituents oj" fiber are still nncertain. Unlike cellulose and hemi

cellulose, lignin gives a series of color reactions that indicate the presence of compounds

for which these reactions are typical. Isolated lignin is generally an amorphous material

having average high molecular weight.

Lignin is an insoluble, resin like substance of phenolic char,LCter. It is built up to a

large extent, of phenyl propane building stones, oftcn having a hydroxyl group in the

Para position and mcthoxyl group/groups in Meta position/positions to the side chain.
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Besides, there may be carbon to carbon or carbon to oxygen bonds joining the

aromatic ring to the portions of structure. The lignin molecule, thus being

polyfunctional due to the presence of alcoholic and phenolic hydroxyl groups, may

exist in combination willi two or more neighboring chain molecules, cellulose Of

hemicellulose, serving the function of a ero~s-1inking agenl. Postulated monomer in

lignin as shown below.

Over all structure of lignin:

HO

OCH3 Oil

\
O-r-CH2

C112
Io(I(H3

OCH3 C
I

O-~-CH2 (

CH2
Io(\(H3
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Association of celhilosepemieelluloses and lignin

There is no conchL~ivc proof with regard to the chemical union of hemi cellulose with

cellulose in the fiber. "Theopinion is tlmt hemi cellulose, except xylem, can't inter into

cellulose crystallites due to spacing difficulty. The eellulosans, mainly xylem, associated

with the true cellulose in the cellulosic structure, arc relatively short chain compOlUlds,

and uccupy lungitudinally the saBlCspace as tilc glucose units in the cdlulo~ie chains.

Xylem and cellulose are laid as a mixed crystallite stmcture probably with incrusting

cement consisting of lignin and hemi cellulose.

Structural unit or lignin:

OH)C! 4-hydroxy-3-methoxy-phenyl propane

Regarding the possibility of cell<.tlose-Iigoin combination, the view is that the lignin

can't enter the cellulose crystallite due to the same spacing difficulties, but a small

amount of lignin is intimately associated at the ccll wall boundaries 01"cellulose.

Chemical union exists between ligni.n and hcmi cellulose and it is the ester type

linkage between the alcoholic hydroxyl group of lignin and the carboxyl group of

polyuronic acid of hemi cellulose, and the ether type linkage betwcen phenolic

hydroxyl group oflignin and hydroxyl group ofhemi cellulose.

2.2.2. Economic classification of fibers

Organic fibers are dividcd inlo two main groups, natura! fibers are man-made fibers.
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l'ibcrs & c!assilicati\ln <:hart [241 i~ given below.

Organic

Natural Fibers Man-made Fibers

1-
Naturall'llpcr Synthetic

us

Misce
Hanco

ProteinCellulose
estcn:

Cellulose
(myon)S,oI

A"d
Fruit
Fiber

Animal
Origin

Leaf
Fiber

Wood Bast
Fiber Fiber

Vegctable
Origin

1

Wood and
hair fibers

Silk and othcr
filamcnts

Vegctable libers are particularly interesting for reinforcement of concretc. Tne

vegetable world is full of examples where cells on groups of cell are designed for

strength and stifliless. A sparing use of resources has resulted in optimization of the

cell function. Cellulose is a natural polymer with high strength and stiffness per

weight, and it is the building material of long fiber cells. These cells can be found in

tbe stem, the leaves, or the seeds of plants. Here, under a few successful result of

evolution are described.
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(a) Bast fibers (flax, hemp, jute, kenar, ramie (china glass»

In general the'bast consists ofa wood core surrounded by a stem. With in the stem

there are a number offiber bundles, each containing individual fiber cells or

lilaments. The filaments arc made of eelluluse and herni-cellulose, bonded together by

a matrix, which can be lignin or pectin. The pectin surrounds the bundle, thus holding

them on to the stem. The pectin is removed during the reefing process. This enable

separation orthe bundle from the rest of the stem.

After fiber bumUes arc impregnated with a resin during the processing of a composite,

the weakest part in the material is the lignin betwcen the individual cells. Especially

in the case of flex, a much stronger composite is obtained if the bnndle arc pre.treated

in a way thut the cells are separated, by removing the lignin between the cells.

Flex deliver:; s!rong and slifffibers and it can be gro.wn intemperate climates.

The fibers

Can be spnn to fine yam for textile other baste fiber are b'Town in wanner

climates. The

Most common is jute, which is cheap and has u reasonable strength and resistance

to.rot.

Jute is mainly used for packing. (Sacks and balsa) As far as composite

applications arc

Concerned, flax and hemp are two fibers that have replaced glass in a number o.f

ComP9nents, especially in the German autumotive industries.
> !.

(b)Leaffibers (sisal, abaca, banana, pulque, palm)

In general the Jeaffibers are coarse than the bast fibers. Applications are ropes and

coarse textiles; with in the total production ofleaffibcrs, sisal is the most important. It

is obtained fwm the agaves plant. The stiffness is relatively high and it is often

applied as binder twines.
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As lar as compositcs arc concerncti, sisal is ol"tcllapplieti with nax in hybrid mats to

provitie good penneability when the mut has 10 be impregnated with a resin. In some

interior application sisal is prcferred because its low level of small compared to fiber

like flax. Especially manufaelUring process at increased temperatures fibers like flax

can cause smdl.

(i)Seed fibers (cotton, choir, kapok)

Cotton is the most common seed fiber and is used for textile all over the world. Other

seed fibers arc applied in less demanding application such as stuffing of upholstery.

Coir is an exception to this. Coir is the fiber of the coconut husk; it is a trick a.nd

coarse but durable liber. Applications are ropes, marring, mat making and brushing.

With the rise of composite materials they're in a renewed interest for natural fiber.

These moderate mechanical properties restrain the fibers from using theul in high tech

applications, but for many reasons they can complete with glass fibers. Advantages

and disadvantages detennine the choice.

It is possible to classify fibers in six groups based on their utiliwtion, as follows:

(d)l'extile Fibers
The most important use of fibers at the prcsent time is in connection with the textile

industry, which is concerned with the manufacture of fabrics, netting, and cordage. In

making fabrics and netting, flexible 'fibers arc twi~ted together into thread or yarn and

then woven, spun, knitted, or othernise utilized. Fabrics include cloth lor wearing

apparel, domestic usc, awnings, sails, etc., and also coarser materials such as gunny

and burlap. Tbe fabric fibers arc all of commercial importance. Netting fibers, which

are used for lace, hanunocks, and form~ of net, include many of the commercial fabric

fibers and a host of native fibers as well. Both commercia! and native Iibers used for

COrdab'e.For this purpose the individual fibers are twisted together ra.ther than woven.

Twine, binder twine, fish lines, rope, hawsers, and cables are among the many kind of

cordage.

- 23 -



(e) Brush Fibers
These are tough and stiff fibers, or even twigs and small stems, which arc utilized in

the manufacture of brushes and brooms.

(f) Plaiting and Rough Weaving Fibers
Plaits are flat, pliable, fibrous strands which are interlaced to make straw hats,

sandals, basket, chair seals and the like. More clastic strands are roughly woven

together of meetings and thatched roofs of houses, while supple twigs or woody fibers

are used for basket, chairs, and other fonns of wickerwork.

(g)Filling t<'ibers
These fibers are used in upholstery and for stufflllg mattresses, cushions, etc.; for

cuking the seanls vessels and in cash and barrcls and stiffening in plaster; and as

packing materials.

(h) Natural Fibers
These are usually tree bastes which are cxlrdCtedfrom the bark in layers or sheets and

jXlundedin to rough substitutes for cloth or lacc.

(i)Paper Making Fibers

Paper making fibers include wood fibers, textile fiber utilized in either the raw or

mWlUfacturedstate, or many other kinds. It is obvious that anyone plant cannot be

restricted absolutely to any single group in this economic classification, since tIlC

same fiber may be used for different purposes and since the plant may yield mOrethan

one kind of fiber.

(j) Textile fibers anclbeir classification

Textile fibers are those fibers, which have sufficient length, strength and cohesiveness to

pennit them to be made into a continuous length suitable for fabric construction.

Textile fibers are classified according to the source and chemical combination as

follows:
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A Natural fibers

1. Animal

(a) llair fibcrs-she.;,p's wool, mohair, camel's hair, alpaca, vicuna, Llama.

(b) Cocoon fibers-silk,

2. Vegetable
(a) Seed hairs-colton, kapok, and milkweed.

(b) Bast fibers-flax, hemp, jute, cotton tree fiber, ramie.

(c) Lcaffibers -abaca (Manila hemp), pineapple fiber.

3. Mineral
(a) Asbestos.

B. Synthctit fibers:

I. Regenerated cellulose-Rayon.

(a) ViS<.:use.

(b) Cuprammonium.

(e) Fortisan.

(i) Regular.

(ii) Fortisan-36.

2. Cellulose eslers

(,) Acetate.

(b) Arne!.

3. Protein fibers

(al Animal-Casein.

(b) Vegetable, corn-vicm-d.

4, Glass
5. Metals-gold, silver, aluminwn.
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o. Nylon.

(a) Type-66

(b) Type-6

7. Polyesler libra.

(a) Dacron.
8, Acrylic fibres

(a) OrIon.

(b) Acrilan.

(0) Dyne\.

9. Vinyl derivatives

10. Vinyon H.H.

2.2.3 Sawdust
The chief raw materials used for the sample preparation arc PVC and Saw Dust fiber.

l'YC is collected from local market. Sawdust fiber is used as reinforcement agent,

obtained from Sawmill. Saw dust fiber is a complex mixture of chemical compounds,

which are built up by natural process during the growth of the plant stem. The

composition ofSuw Dust fiber is not unifonn. The condition of soil, climate, maturity

oflhc plants, retting ele. Make considerable variatiun in the constituents of the fiber.

Sawdust is kept 24 hours for drying. Dried sawdust is separated by sieve analyzer.

2.2.4 AdvantAges of natural fibcr:s

I) Low specific weight, which result in a higher specific strength and stiffness than

glass. n,is is a benefit especially in parts designed for bending sliffuess.

2) It is a renewable resource, the production requires little energy, CO. is used while

oxygen is given back to tbe environment.

3) Predicable with low investment allow cost, which maJu:s the material an

interesting produced for low wage countries.

4) Eric ally processing no wear offooling no skin irritation.

5) Thermal rC(;ycling is possible, where glass causes problem in combustion fumaces.

6) Good thermal and acoustic insulating properties.
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Disadvantages of natural fibers

1) Lower strength properties, particularly its impact strenglh.

3) Variable quality, depending on unpredictable in11uenees such as weather.

4) Moisture absorption, which cases swelling of the fibers.

5) Restrictcd maximum processing tempcrature.

6) Low durability, tibcr treatmcnl can improve this considm,lbly.

7) l'o()r fire resistance.

2.2.5. Principles of fiber reinforcement

The mechanical properties of a composite can depend on many factors as alluded to in

the introduction. Basically, these factors include the specific properties of the matrix

and the reinforcing agcnts, their rcspective volumc fraction, the shape, si7.e

distribution and orientation of the reinforcing phase and the bond between the

reinforcement and it matrix. Let us examine in more detail the relationships between

these factors and their influence on the mcchanical behavior of composite materials.

2.3 Composite Materials
Composite materials have been da.,<~i(jedin rnilllYway>; depending on thc idea>;and

concepts that need to be identilied. A useful and all embracing clas.~ificationin set Olltwith

some examples. Most na1uraIIy occurring materials dt;rive their superb properties from a

combination of two or more components, which can be distinguished readily. When

examined in the OOdy,which have high strength combined with enormous, flexibilities, are

made of stiff fibers such as collagen embedded in a lower stiffness matrix.

A microscopic e:-:aminalion of wood and bamboo reveals a pronounced fibril

structure, which is very apparent in bamboo when il is fractured. It is not surprising

that bamboo has been called natunu fiberglass.
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Practically, everything is a composite material in this world. Thus a common piece of

metal is a composile of many gmins (or single crystals). Such a definition would

make thing quite unwieldy. Therc1orc, it must be agreed on an operational definition

of composile materials lor our purposes in lhis te:<t. We shall call a material that

satisfies the following conditions a composite material.

1) It is manufactured (naturally occurring composite, such as wood are cxeluded).

2) It consists of two or more physically and/or chemically distinct, suitably arranged

or distributed phases with an interface separating them.

3) It has characteristics that are not depided by any of the components in isolation.

The composite idea can be relatcU also to the m<lcro seal. This is particularly relevanl

to engineering components, which may consisl o[two or more malerial~ combined to

give a performance in service, which is superior to the properties of the individual

materials.

Similarly, Concrete beams, which have excellent compreSSive strength, arc gIven

some strength in tension by reinforcing the concrete with steel bars. Helicopter blades

combine structural material for strength and stiffness with erosion resistanl materials

to protect the leading edges from damage.

Overoll, the properties exhibited by a composite material are strongly influenced by the

properties of the individlJill constituents, their respective amounts, shape, orientation and

distribution, plus any synergislic interaction bet" these cot1StituenL~when they are combined

in composite furmation.
It can be made by mixing the separ<ttcmaterials in such a way that the dR,-persionof one

nlatrix in the other can be done in a conlrolled way \0 achieve optimum properties. The

properties are superior and possibly unique in some specilic respects, to the properties of the

individual components.
Fibrous jXllymericcompound~ are non homoj,,'encouscompound materials, their base is a

JXllymcric matrix reinforced by fiber or particles. For the sound selection of the

experimentally determinable characteristics and mathematical apparatus for processing the

best results, it must be dctl:rmined to which of isotropic and an isotropic materials classes

does the material belong. Depending on \he she relationship of reinforced elements and their

arrangement in the polymeric matrix two large groups of rcinforced maleria1~can be

~28-



identified r.mdomly reinforced ( matrix and particles) and regularly reinlorccd or oricnlcd

(matrix e<mtinuous fibers) malcrial~_Th~ first group of mall-'lials ine<>rporatesrcinforcL'Tllcnt

consisting of particles the sizes of 'Whichare commensurate in aU direction or of discrete

fibers, for example, short fiber length, whiskeIs etc. The matrix plays a minor role in the

tensile load carrying capacity of a composite s\nleturc. However, selection of a matrix has a

major influence on the internal shear as well as in plane she<ll"properties of the composite

material. The internction between fibers and matrix is also important in designing damage

ill""'" __
Finally, the process ahility mid defect:; in a composite material depend slrongly on Ule

physical and chemical ehamcteriwtion such as viscosity, melting point and curing

temperatures of the matrix.

The primary consideration in the selection of a malrix on is its basic mechanical properties.

For high performance composites the 1IlO5tdesirable mechanical properties of a matrix arc-

1) High tensile modules, which influences the compressive strength of the

composite.

2) High fracture toughness, which conlrob ply delaminating and crack grov.ih.

For polymeric matrix composite, there may be other considerntions such as good

dimensional stability at elevated tcmpenltUlll~and insislencc to absorb moisture and

solvents. The loaner usually means that the polymer must have high glass transition

temperature. In practice, the glass transition temperature should be higher than the

maximwn use temperature. ResL'llance to absorb moisture and solvent means that the

polynl<.'Ishould not dissolve, swell, CIlICk,or other wise degrade in hot lwet envirmuncn15 or

whcnexposed 10 solvents.

Traditionally, thermo set polymers (aloo called resin) have been used as a matrix

mater for fiber reinforced composites. ~tarting materials used in the polymeriT.dtion of

m_
set polymers are usually low molecularwcigltt liquid ehcmiew with very low viSC<.lSity.

Fibers are either pulled through or immersed in the chemicals before the polymerization

reaction begins. Since the viswsity of the polymer at the lime offiber incorporation is very

low, it is possible to achieve a good wet-out between the fibers and the matrix without the aid

of high tempero.nuc or pressure. Among OthL'Iadvantages of using theano set polymers arc

their thcnnal stability and chemical resistance .• Ibcy aloo exhibit much less creep and stress

R:laxalion then thermo plastic polymers. The dIsadvantages arc their limited storagc life
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(be1orothe tina! shape i~molded) al room lcmpcral.o.JrC,lon~ labrication time in lhe mold mID

10w~1min10fuilure, which also contribules 10their low impact ~Irengths.

Ibe composite material contains a matri" and fibers. Polymer used may be PVC, PP, PI!'..,

2.3.1. Broad Oassifieation of composite materials

1) Natural composite
Wood, bone, bamboo, sawdust, IllI.lsc1eNalum1composite and other tissue materials.

2) Micro composite materials: Metallic alloys e. g. slecls, tongllcd thermo plastic, e.g.

impact polyst:rrene, ADS. Shed moWingc(>mponcn!sRcinforceu thcnnopl<C!tics.

3) Macro composites

(Engineering products)

Galvanized sleel, Reinlorced beams, Helicopter blades Skis. A more relevant classificution

concerned with micro composite based on size, shape and distribution of thc two! more

phases in the composite can bc made. Classification of micro composite materials

I) Continuous fibers in matrix aligned, random

2) Short fibers in matrix- aligned, r'dIldom.

3) Particulates (spheres plate, ellipsoids, irregular in matrix).

4) Dispersion ~1rcngthenedas for three above, with particle ~i;rL.-<IO,llm.

5) Lamellar slruclW'CS.

6) Skeletal or inlcrpcnctratingnctworks.

7) Multi component, fiber, particles etc. According to the <.XlTIlpositeoommittee of

Gcnnan society for Metallurgy the following groups comprise the composite malerials.

4) Fiber composik Refractory whiskcror polycrystalline fiber arc imbedded into a matrix

for improvement ofmeehanical properties.
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5) Laminated composites: Melallic foils and foil like structures respeeuveJy, as well

as thin riblxms are imbe<Jdcd into a malrix, or the C<lmpo>;ileis built up from layers of

various materials or by layers made of laminates (i, e. foil, ribbons, sheet etc) and the

matrix.

6) Mawrial with surface Iaycrs- In contrnsl to the idcal materials these layers iU"every

thin. They iU"eapplied by different methods and include points. The layer thickness rnnges

from a few mm to 100m. They serve for corrosion and oxidation protections and

improvement of wear, and impact other physical properties ill the malerial surface.

7) Pllrticle wm(llL<itc: '11,; .• group eneomp"s..= a wide [""<lllgeof m,1lerinls. II illclud~ lor

instance the t'ITlbeddingof nonmetallic inorganic particles for improvement of mechanical

properties of matters (Dispersion hardened metal,) and also mal.erialswhich consists of

non-metallic binder phase (hard metals)

"
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3) Vactiumbag,

pressure bag,

2.3.2. Manufacturing rout&'!for fiber Reinforced plastic producl~ 127J

DilTerent types of composite material based on pla.<;liemanufacturing prorelS ure-Bag

molding process, Resin Sheet Molding Compound (SMC) Process, Comprcs.'iion molding.,
Resin transfer molding (RTM), and Vacuum A~isted resin Trrmsler Moldillg (VARTM)
etc.

Some descriptions of manufacturing of PMC are given in the following tlble

manufacturing routes : Outline of lUbricationand processing methlXls.

1)Hand lay-up : Chopped stand mal~, woven moving and other fabries

made foml. The fibers me plagued on lhe mould and

impregnated with fusion by painting and rolling. Layers are built up until design thickness

is achieved. Molding cures without heat or pressorc.

2) Spray up : Chopped roving and resin sprayed simultaneously

into prepares prepared mould and rolled before the

Resin cures.

: Layers of fiber usually wridiItttional sheets are pro

impregnated with resin and partially cW'edto form a

pre- peg. '100 pre-pcg sheets are slacked or the mould

surfaces in prcdetennim: oricnlalioll, covered wilh a

Oexible bag, and consolidated wringa vacuum or press

bag in and autoclave at tile required using tempcmlure.
4) filamcnt wondering : Continuous roving or stands of fibers are led over

rollers and b'Uidesthrough a bath of m>in and then word, using a prognun controlled

machine, into a Il1llI1dreIat predetermined angles. The resin in partiaUy or completely

cured before removing the component, usually a tube from tlli:mandrel.

5) Centrifugal castings : Mixtures of fiber and resin are inlroduccd into 11

Rotating mould and allowed (0 cure in a site.
6) Hot pross molding : Heated matched dies or tools arc loaded with raw

Material (sheet molding compoWJd SMC, dough

Molding compound DMC. cloth or

Unidirectional Pre-peg) pressed to the shape (lfthe
cavity and cured.
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7} Injection mokling

Transfcrmolding

8) l'ullrusion

9) Cold l're;s Molding

10)Resin injection

II) Rcinfon:ei reaction in

involving to compounds

injection molding

:Molten or pla:;\ici:lcdpolymer mixed with~hort

iibers is infi:ctiol1,usually at high pressure, into the

cavity o[a~plit would ,md allowed to solidify or

cunnI'.
: A continuous feed olTlCers,in pre- ~Ieded

(lfientalioIlSis impregnated with resin and poured

Through a healed die to give tile shape of tile frnul

Scclioll(e.g. lubes or I-beam) partial or complete

Cure OCClllliduring passage through the dic.

: A low pressure and low temperature in which

Ebers arc illlpregnated with TL'Sinandthen pressed

bet" matched dies. Heal is generated

during the cure.
; Fibers in doth forman: placed in the tool, which

is injection at low pressure into the cavity and

flows through the 10 fibers to fill the mould space.;

:Which an: mixed inunediately before injection is

used. Fibers arc eitherp1accd in the dosed mould

belore resin is injected or added as short fibers to

one of the resin components to furm .slurry before

injection.



2.3..3. Reinforced Plnstic.

Reinforced plastics. also called polymer eomposit"", are now important clues of

engineering materials, Tiley arc distingui,hed by attractive mechanical properties and

corrosion resistance unique nexibility in design eapabilitic., and case of fubrieation.

Tile word "composite" means. "consisting of two or more distinct parts." Polymer

composites consist of one or more discontinuous phases embedded in a continuous
pllage polymer malrix.

The discontinuous phase is usually harder and stronger than the runlinuous phase, and

is called the reinforcement. Tile matrix can be classified as thermoplastic (capable of

being separately hardened and softened by increase and decreases, respectively, in

temperature) or thermo set (c1mnging into a substanlially infusible an insoluble

material when cured by the application oflleat, or through chemical means).

The properties of composites are strongly influenced by the properties of their

constituents and the distribution and interactions among them. Tile eonstituenls

usually interaet in a synergistic way, providing prOperties that are not accounted for

by a simple volume fraction sum of tile components. Along witll the volume fraction

and the distribution of discrete units in the discontinuous pllase, the interfacial area

plays an important role in determining the extent of interaclion between the

reinforcement and the malrix and in this way - the final properties, is dominated hy

the chemistry and tllwlogy or the matrix resin and by the lype nnd physicai form of

the rcinrorcement.

Tile use of reinforcing agent makes it possible for any thermo set- or thermoplastics

malrix property to be improved or changed to meet varying requirement. Most

polymer wmposite>; developed llius far liave been fabrication to improve mcelianieal

properties such as strength, stiffness, or tougliness. The slrenglhening efficicnt of the

discontinuou~ phase play the most important role in these product and the

slrengthening mechanism depends strongly on the geomelry of the reinlorccments.

Thcrcrore, polymer composition can be classified according to reinforcement
geometry,



2.4 Mcehanieall'ropcrlics' "r COOlI,osite'

2.4.1 Deformation
When an enginc<:ring nmterial (as ~ompositc) i, subjected to [("ces, such as those

typically imposed by service louds, its atoms may be displaced from their equilibrium

posilions. Any displacement from the position or separation results in an energy

increase. This requires work, with is supplied hy Ihe forces creating the displacemenl.

Thus it is clear Ihat this premise holds whether the material is stretchcd, causing the

atoms to separatc, Ihus bringing attractive forces inlo play, or compressed, bringing

the atoms closer together and causing repulsion.

2.4.2 Elastic deformatiun
The displacement of atoms from Iheir equil ibrium positions con,titutes deformation.

Such defomlalion is termed elastic if the at(lmScan rCSUmctheir equilibrium positions

when the imposed lorces are released. Elastic deformation then is recoverable and

indieatcs the relative resilience of a materiaL For example, a rubber band can be

stretched quite far yet snap back 10 its original dimensions upon being released. A

slightly different manner of slating Ihis concept of elasticity is that il is the property of

a material 10 relurn to its initial form and dimension alter the deforming force IS

removed.
The process of elasHc deformation Is presented schematically in tile figure. Here the

atoms arc repented as "hard" sphere, on a lattice, when no forecs are applied, the

assume equilibrium separatioll (a). A relatively small tensile force tends to pull the

atoms apart producing clastic detormation (ad.Tneir separation i~now slightly larger

than ll<J.However, when the toree is relca.>cd, the atoms resume their equilibrium

positions and nOdeformation or displacement remains. The material is restored to its

initial eondilion.

2.4.3 Plastic deformatillD
If the englneering material undergoes deformation, wnieh exceeds tne clastic

capability (ela~llc timit) to rc~lore the atoms to their equilibrium positions, Ihe

dctormation is permanent and termed plastic. Plaslic delormalion is non_recoverable

and leaves the atoms permanentiy displaced from their original positions where the

forees are released. Deformation of materials may be entirely eiastie, or ela~tie plus

plastic. The total deformation m3Y then consist of tne combined ela>tle and plastic

portion.
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Plastic deformation of engineering materials is pennant:J1t in that work or energy musl

be supplied to restore the atom,>to their original equilibrillm positions. For instanCC,

the effect of this type of defurmation can be alleviated by thermal treatments, when

necessary.

2.4.4Enginecring <trail"

We have just briefly examined the response of atoms to deformation by mechanical

forces. It this concept of atomic displacement is extended to bulk engineering

materials, we can define the deformation in terms of the original dimensions uf the

.\

I'
p

1=\0+1'11

•

Figure 2.2 Deformation ofa bar prodoeed by a:<ialload

ratio of the dimensional change to tbe original dimension. For example, consider a

bar of Length (10)as shown in the figure. Under the action of an applied load (p) this

bar experiences deformation [28} and dongutes to a new length (Jr). The ratio of this

change in length to the original length (to) Is the "average linear strain" (e) and can be

expressed as follows:

01,~-
I,

This quantity is referred to as the average linear strain because only the dimensional

change in the axial direction is considered and it is considered over the entire length

of the sample. In reality. because its volume remitters constant, the bar diameter docs

decrees slightly, resuitlng in a decrease in the cross - sectional area, but for small
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strains this response in usually in signifieanl. Average strain (e) is commonly relCrred

to as the engineering strain and expressed in units of inJin or mmlmill. However, stern

may also be trealC<las a dirnen~ionless quantity because these units cancel.

2.4.5 True strain
Since a material undergoing defOllnation is continuously changing its dimension (i.e.

longth and width or diameter), a more precise dcl"inilionof strain is given by the ralio

of Ihe change in dimension to the in~tantaneous dimension [29]. in the case of round

bar, this may be viewed as the change in length (di) with respect to the instantaneous

length (I) al any point in the prottS'. This ratio is actually the true strain (E) and is

expressed as fonows.

dlE~-
I

A more specifie expression for E is obtainer by placing some limits On the above

equation. F<)rexample, if the initiai length i~ to and the final lengtb is tr. we can

integrale this equation as follows.

I
f dl

E~ j-
I Io
I

= [lnlJ/
v

==(In/fl-(lnl)

I
=1nL

I.
The engineering strdin (c) is related to the true strain and this relationship can be

demonstrated as follows.
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I
orc=...L.-1, I,

1or, -.L_r=\
I"

Then substituting these results we obtain

E=ln{c+l)

In addition tl> linear strain, an enginetlTing material can experience ~hear strain (r),

tllis type of strain is <.Iucto the displacement of parallel planes ["",ugh a cerlain angie

(G) as shown in the figA.5 The shear strain i" therefore dcline<J as the ratio of the

displacement (x) to the distance (h) between the planes, expressed as follows: r

2.4.6 Shear strain

,

o

Fig 2.3 Shear displacement on parallel planes ofa solid material

'Stress' is the result of the internal response that a material exhibits whel' toree, arc
imposed on it. To simplify matters at this point, we will assume that the forceS acts

2.4.7. Stress
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2.4.7. Stress
'Stress' is the result of the inlernal Tc,ponse lhat a material exhibits when forccs aTC

imposed on it. To simplify matters at this point, wc will ru,sume that the fon:es acts

uniformly over a certain area, Then we ean state that the internal espouse, the stress, is

a force per unit area.
Consider the load (P) applied to the cylindrical bar in figure. The bar remains intact,

indicalor thaI the extema! force is balanced internally by a respollse of lhc material. It

we sectioll this bar at any particular location (normal to the axis of the applied load) p

must be opposed by the stress [28] produeed in each elemental area. It these

increment of area become smaller and smaller in the limit-

P=adA

Since it previously assumed that the force uniformly applied over the cross section,

the summa or stress over the entire area may he expressed a follows:

A
P""O" f dA

o
Or,P=crA

Therefore, the StTCSSean be expressed as -

Where, 0" = average stress

P = load or force

A = cross sectional area over which the force aet.

Strcss is commonly dcnotcd ill 0"i1S lblm', or io international unil~ (SI) or l';u;ca! (I'a),

Sincc the Pascal is a rather small value of stress, it is customary to express stress

values in mega Pascal (M Pal, where the prefix M stands for 10
6
.

2.4.8 Engineering stress
A common application of thc stress concept is termcd the engineering stress. This

particular expression, which is used in many dcsign calculations and analyzes is given
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Follows:

p
a~-

A,

The only modification to our basic stress eqlllition is Au,which represents the original

area; therefore, engineering stress treats cross sectional area as a constant. Although

this is not completely accurate, for elastic striations in the loading direction the

corresponding changes in cross sectional area are generally small. Furthermore, most

design and structures are b<lsedon service conditions in the structure~, arc based on

service conditions in the clastic range, thus the engineering stress is very useful

parameter,

2.4.9 True stress
The concept of engineering stress treats the area under consideration as a constant

(Ao).ln reality, however, the area docs not remain constant and in the case of am

axially loaded tensile bar , gradually decreases as the stress (and corresponding

manifestation of Poisson's ratio offect.

The true stress therefore can be expressed as follows:

O"~= l!...-
A,

Where A; i~ the actual instanlanoous area ovcr which the forcc is acting. Ordinarily,

the true stress in larger than the engineering stress. However, in the elastic region,

changc in area is usually inconsequential and the engineering stress in sufficiently

accurate. When the elastie timid is excecded and plastic strain come into play the di

The true stress is (0-,,)is related to the enginccring stress (28) in thc following manner.

P A,
o-~=--

A, A"

p
~-

In this type of analysis the volume of matron is constant (even thought the dimensions

may change). Therefore the following relationships also applied.

Initial volume (Vu)= instWltaneousvolume (Vj)
_ 4 I •



Ao Ii
0', -~-

A, 10

Substituting above gives us-

I,
cr" ~ (1'-

I,

But from the section 011 ~traill, since t is any instant in time it is equivalent to Jr,we

can sub~titute for I,ll"as folluws:

o".=(e+l)
Thus, the true stress equals the engineering stress times the quantity engineering strain

plus 1.

2.2.10. Stress Strain Relationship: Hooke's law [30]

In most materials for values of stress below the clastic limit, stress is proportional to

strain as follows:

{J=Ee

In order to analyze the stress strain behaviur of a composite will consider a simple

situation where a matrix containing cuntinuous cylindrical fibers is deformed in

direction pn!ltlc to the long axis of the fiber, as illustraled in the following. If we c.an

assume that no slippage occurs at the intcrface betwecn the fibcrs and malrix, the

elongation is the same in both phases. There fore, the engineering strain in the

composite may be expressed as-

Ee=e(=em=61Ila

Where,

e(= Strain offlbcr

em= Strain of matrix



Further more, when these strain arc clastic the engineering stress in the respective

eomposile can be determined by applying Hook's law as follows-

Where

O"t = Stress of fiber

0"," = stress of matrix
Er= elastic constant of fiber

I'm ~ elastic constant ofmatri"

In mo~t cases, the modulus of the fiber is greater than that of the matrix, buy design

thus, for a given stmin the stress in the fiber is greater than the matrix stress. Although

this is a bmy-simplified analysis it serves to illustrate the extremely important concept

fiber reinforecment. Generally, the fibers are more highly stressed than the matrix

when a load is applied to the composite. The mechanism permits tronsfer of the stress

from the matrix to the reinforcing phase. As a result, the compo~ite can su~taingreater

stress them the un-reinforced matrix material. This concept of utilizing the advantages

of one material such as high modulus or high sLrength, in conjugation \Vith the

advantages of another, such as low density of corrosion resistance, is the very essence

of composite material.

2.4.11. Elastic modulus

The elastic modulus (E) IS a mea~ure of the stiffness of an cnginecring material.

Examination reveals that for a given stress; greater values of E result in smaller clastic

strains. meaning that the higher the elastic modulus, the smaller elastic strains,

meaning that the higher he elastic modulus, tlle smaller the response of the structure

to a particular SUeS5,this parameter is important for design and amylases purpose,

cspedally in computing the allowable displacements and deflections of Ctlb>ineering

components or structure.
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Although the modulus of elasticity is a structure insensitivc property, it i~ intended by

temperature. As temperature i~ increase<.\E decreases, thereby rooucing the stiffens of

a material. Tlus reduction io clastic behavior is duc to an inverse relationship between

the modulus and the inter-atomic or inter-ionic distance in nlctals and ceramics

respectively. Therefore as we increase and E gradoally decreases. [25]



2.5 Electrical Conduction Mechanism

Introduction
This chapter begins with a brief discussion of the existing theories on the dc electrical

conduction mechanisms, wh.ich arc lollowed by descriptions of the experimental

techniques used in the mcasurements of J-V characteristics and thermally activated of

current density of dilTerent samples, are discussed on the basis of the diOerent

existing thcories on dc electricalconductionmechanisms.

2.5.1. Theories on DC electrieal eonduction meehanism
Polymerizalionof organic compounds by glow discharge techniquehas been knoV>llfor

abont three decades and used for producing polymer thin lilms. Rccause of their high

resistivity, these materials havc JOlllld important applicalions as illsulators arc

eapacilorsin integrate<lmicroelectronics,passivation layersfor integratedcircuit, etc. is the

de electrical conduction in plasma-polymerizedmaterials. the camers may either be

electronicor ionicin nature and conductionis consideredthrough the film, rather along the

plane of the film. The low field properties, which are usually ohnlie in nature but the

high field electrical properties cannot be described by a single conduct:-process.

Usually various field strength ranges manifest different electrical conduction

mechanisms. The charge carriers may be electrons, holes, ions, or polurons.

Discussion of the four ways arc given below [31, 32]
a) Band Conduction: 'Thermallyactivated electrons can be injected from the valence

band to the conduction band of the insulator if the forbidden bandwidth is small

enough. The electrons may be thermally activated over the reduced thermal excitation

into the conduction band from trapping levels in the dielectric.
b) Tunneling Pweess: The tUlmelillgof eledrons may take place fwm metal catJlOde

into the conduction band from trapping levels in the dielectric directly between the

valence band and the conduction band from the valence band directly into the metal

electrode.
c) Impurity Conduction: In this process electrons hop from onc trapping (impurity

level) center to another without going up into the conduction band.

d) Space Charge ElTects: In some cases charge injection into the conduction band,

tunneling or impurity conduction may result in a build up of space charge within the

bulk material, which sets a li~it on the charge tnm5porL When the injected camer
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density is greater than the free carrier density, eurrcnt becomes ~pace"charge-limited.

In general, if the carrier generation proces~ is slower than transport of the carrier:

through a dielectric, the conduction is controlled cither by Schottky or PF mechanism

At reasonable applied fields thcre wiil nunnally be a sulTieienl supply of carrier [33]

available to enter the insulator from the cathode(negatively biased electrode) H

replcnish the cwriers dnlWtl out,ofthe bulk of the insulator. Under these conditions the J-

V characteristics of the sample will be determined by the bulk properties of -insulator,

this conduction process is thus referred to as bulk.limited. At high fields, or H the contact

is blocking, the current capable of being supplied by the cathode to lie insulator will

be less than that capable of being carried in the bulk of the insulator. Under these

conditions the J-V characteristics ofthc sample will be controlled primarily by conditions

existing nt the eathode-insl.llator interface; this conduction process referred to as being

emission-limited or contact-limited.

A power Jaw can express the variation of current density with voltage in a mataai

generally:

JooV'" .. _ ._ .•••. _._._." .•.•.•.•.•.•.•. _ .•.•. _._ .•••. _ .•••• _ . .(1)

where, n I s a power factor. When n is unity, the conduction is ohmic. If the value of n is

less or more than unity, then the conduction proccs~ is other than ohmic.

Direct current resistivity at responsible applied fields there will normally be a sufficient

supply of ewriers available to enter the insulator. Prom the J-V el1ar<lctcristics of a

sample, it could be understand the conduction process by the bulk properties of the

insulator, bulk limited or contact limited.

Electrical conduction is the transport of charge carriers through a medium under the

influence of an elecu1eal field. The electrical conductivity is obtained by measuring the

eurrent flowing through a piece of the materials and using the sample dimensions to

calculate [33] from the equation.

(1= (dlAV) I, ..................•..........•........•....................•. :: (2)

Where d (m) is thc sample thickness, A iL~area (m:!), and V the potential across the

material in volts.
The ll.'lual.type of electrical measurement has involved measuring the eurrent as a

function of potential, temperature and in some cases ambient atmosphere. The

conductivity and its changes with voltage, ambient atmosphere and temperature are then
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related 10the physic! processes tIuough to be according ill the materiaL Frequently, it is

found thallhc conductivily varies exponenlially wilh temperalure T(K) according 10the

equation
a=(Juexp (E,! kT ) , (3)

Where k is the Bolwnann constant and E, is the activation en~rgy.

The resistivity is the reciprocal of conductivity.

2.5.2. Thcrmally activated (ondu(tion pro(csses

(a) Electronic conduction
The band theory of solids has be<:napplied to understand the electrical behavior

polymers. An important feature of the band system is that electrons are delocalizcd

spread over the laltice. Some deloealiz.atioll is expected when an atomic orbital or

atom overlaps appreciably with those of more than one orits neighbors.[34,351In

polymer system, the conductivity is influenced by the factors such as dopanl level,

morphology of polymer, concentration of conducting species, temperature, ele.

(b) Ionic (onduction
In bulk material ionic conduction occurs due to the drift of defect under the influence

of an applied electrical field. The degrees of ionic impurities that may be totally

ignored in lhe ,"ontext of olher properties may have a significant elTcd on

conductivity. A theoretical expression may be derived for the current density,

J=sin h (eaEl2kn (4)

Where E is the electric field and a is the distance betwecn neighboring potential wells,

e=cleetronic charge.
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2.6 Theory of Thermal Analysis

2.6.1 Differential Thermal Analysis (DTA)
The term thermal analysis is frequently used 10 describe analytical experimental

techniques, which are used to investigate the behavior of a sample as a function of

temperature. On heat_treatment organic or inorganic polymers may ondergo structural

physical and chemical changes due to dehydration, phase transition, molecular

reorientation, destruction of crystalline, oxidation and decomposition, incorporation

some functional groups, etc. A systemic investigation of the thermal behavior

polymers in air, vacuum or in inert atmosphere provides information about the nature the

changes a takes place in polymers. Such changes can conveniently be understood

employing DTA and TGA [36]
The technique of DTA is an important tool to study the structural and phase changes

occurring both in solid and in liquid materials during heat treatment. These changes

may be due to dehydration, transition from one crystalline form to another, destruction

of crystalline structure, melting, oxidation, decomposition, degradation temperatures

etc. DTA is a process of accurately measllring the difference in the temperature betWeen

a thermocouple embedded to u sample and a thermocouple in a standard inert muterial

such as aluminum oxide while both are being heated at a uniform rate.
The principle of DTA consists of measuring heat changes u..~sociatcdwith the sisal or

chemical changes occurring when uny substance is gradually heated, The thermocouple

(platinum-platinum rhodium 13%) for DIA is incorporated at the end of the of the

balance beam cerumic tubes, and the temperature difference between the holder on the

SlImple side and the holder on the reference side is detected. This signal is amplitied and

becomes the temperature difference signal used to measure the thermal change of the

sample.
These difference of temperatures appears because of the phase transitions or

chemical reactions in the sample involving the evolution of heat and is known as

exothermic reaction or absorption of heat know as endothermic reaction. The

ellotbermic and endotbermic reactions are generally shown in the DTA traces as
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positive lIJ1dnegati\'e deviatinns respectively from a base line. So, DTA offers a

continuous thennal record ofrcacrions in a SIImple.The lITeMunder the bands or peaks

of DTA speetraare proportional 10 the amount o(helltabsOibs or evolved from the

Sllmple under investigllDon, ••.here temperature JJ1dsample dependcntlhcrmal rcsiSlIUlCC

arc the proportionality factors. Thus DTA is needed primarily for the mcusuremenl of

tmnsition tempenllUrc.

Fig.2.4 Principle ofDTA measurement
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2.6.2
Thnmos:nrvimt1rir
An!lysis

The TGA is ! sped!1 brllllch of lhenmil l\I1n1ysis.which eXllI11incsIhe mass chllJ1gl'of a

sample It';! function of lempemtun: in lIle Sl'lIImingmode or lIS! function of Lime in the

isolhenn!1 mode. Not nil Ihermal eVl:rlts bring aboul a ehnnge in Ihe mllSs of the

sllITlple(foreXlll11plemelling. eJYStlIlIizationor glass transilion). bUl there are SlIme ''Cry

importlDll exceptions which include absorption. sublimlliioo. vapori1.11tion.oxidmioo,

reduction IlJ1ddecomposition, The TGA is used to charllcterize the decomposition nnd

thermal stability of mall.'rinls under 11variety of conditions, and 10 examine the kinetics

of the physiro.ehemical processes oceumng in the sample. Sample wei~t chlll1ges are

measured lISdescribed below in Fig.

Figure shows the sample balance beam Md reference balance bellm

independently supported by 11driving coil/pivot. Whcn 11weight chllJ1ge occurs at

bellm end, the movement is conveyed 10 lIle opposite end of Ihe beam via the driving

coillpivol. when oplical position sensors detect chllJ1ges in Ihe position of 11slit.

signlll from the optical position sensor is sent to Ihe balllI1ce drcuit. blllnnce circuil

supplies sufficient feedbllCk current 10 ihe driving coil so Ihat the slit is 10 Ihe balllJ1ce

pgsition. The currenl running 10 the dri,~ng coils on the sample lII1dThe currenl

running 10 the driving coil on the refemlce side is detected IlI1dcon'",rted into ~ght

signals.FigA.7 Principal ofTGA measurement.

2,5 mrrelTflli,,1 Thenn,,1 Analysb-Differenlial fonn of thennogmvimetric IS defined

DTG,
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Sample Preparation
3.1.1 Raw Mllterill1s: The chief mW malcrial~ uscd for the smnplc preparation arc Poly

vinyl Chloride (PVC) and Sawdust. PVC is collected from local market. Sawdust were

colleetcd from sawmill.

Sawdust of Garjan wood

Scientific name ,ofGarjan _Diplerocamus lurbinaIUl'.

Table 1 shows the sizc distribution of collected sawdust. From the sawdust two groups
ha,!ing two size I) Imm-500[.'m a",12) 500 [.'10-125 [.l1Oare scparalc<1lor
experimentation, The chemical composition ofsiLe was performed according to tne

TAPPI standard method Table show chemical composition of sawdust.

Contents Amounts (wt"Io)

Lignin 25.7

Berni cellulose 22.1

Alpha cellulose 42.4

o
Equipmcnts: Several equipments were bused in the fabrication of polymeric matrix

composite. The main equipments are as follows:
1. Paul OttoWeber-Press
2. Hounsfield test equipment

3. Oven
4. Blender
5. Sieve shaker

PfOlWcber Press
The compression _ molding process is very widely used to produce articles from

polymer materials. Above picture shows a typical mold employed for compression

molding. The mold is made of two halves- the upper and the lower halves or the male

and the female. In most cases, the lower balf cOlltains a cavity ""ben the mold is closed.

The gap between the projected upper half and the cavity in the lower one gives the

shape of the molded artic1e.ln this research work, we worked with a lype of mold which
_51 -
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have the upper and lower halves but have no cavity in any half in the mold. These twJ

halves are completely plane with smooth surfuce platens which also acts as heater and

cooler sImUltaneously.1n lhis of molding process one have 10 make die fur casting wilh his

desired size, We made a die, ...michhas a ring of inside diameter 146 mm and outside

diameter 158 mm, and have twJ disc (or plates) on each side, each of 7.5 mm in thickness.

Tncompression molding, the polymenc materials and sawdust are subjected to heat and

pressure in a single stoke. This is accomphshed by using a hydraulic press with healed

plllTlts,Molding time CIlTlbe as high as 12O"cIITldinitial pressure 50KN heating pressure

lOOKN. The actua1 time IITldpressure depends on lhe theological, 1hermal, ;md other

properties oflheplas6c and sawdust % to be molded, The composite are placed into lhe die so

as to :finme die As the mold closes down under pr<:SSUre,the composite is squeezed or

compressed between the mo halves IITldcompeted to shape inside me die. Under lhe

mfluence of heat, the compacted mass get cured and hardened to shape. After completion of

healing lhe mold is allowed to cold down. When cooling is completed the cold mold is

taken remolded by hand or IfIYsuitable device. The following photograph shows the Paul-

Otto Weber Press

~Inn,

fig, 3,1 shows the Paul-Otto Weber Press,

"



3.2 Slimple Preparation Proe••~ure:

The samples were prepared in the following steps~

3.2.1 Sawdust separation
Table 1 shows the size diStribution of collected ~aw dust. From the sawdust two groups

having size i) I mm-500 urn and ii ) 500 urn -l25um are separated for experimentation.

To get sized sawdust by sieve analyzer, shows the size distribution of collected ~aw dust.

From the sawdust two group having size i) I mm-500 micron and ii ) 500_125micron are

separated for experimentation. Sieving time 20 min and amplitude 20 min.

3.2.2. Mixing
Mixing is the major part for this experimentation. If the mixing of the sawdust and matrix

are not done homogeneously, the quality of tile products "btained will be very pOM. So

more the homogeneously mixed raw materials, more improved properties of the products

will we get to get homogeneous mixing we used a blender where blending was done for

three minutes al400rpm for each specimen.

3.2.3. Casting
Special molding device is made by steel to very close tolerance for the molding process.

The mixture of sawdust and matrix is cast by ~imply pouring the mixture into the mold

and leveling it to the desired thickness. Oniy slight stamping or hammering on the mold

is required lor sufficient compaction

3.2.5. Curing and controlling
On pouring the fiber or matrix mixture into the special molding device, sufficient

pressure of 50-100 kN is applied to get the desired shape and possible homogeneity. The

applied pressure is measured by using a pressure gauge, set in the device. Heating is done

electrically and the temperature set at 1200 C. Only 1.45 minutes is required to reach the,
temperature. The temperature was kept for 30 min. Aller completion of heating the initial

pressure wus set zero and an additional pressure of 50kN was applied to avoid the kind of

voids and to have a thickncss. This additional pressure was kept for one hour.
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3.2.6. Cooling anlille moilling
Cooling is essential throughout the curing operation. Cooling was done by tap water

through the outer llfea of the heating plates of the hydraulic press machine. Cooling time

is required for 15 minutes. When the specimen is made by the Weber Pressure hydraulic

press the specimen is removed by a sel up device which is made as a makeshift device.

Aller the cooling the specimen adheres very strongly and sO thm we can not separate it

from the mold. So for the de molding a device is neccssary which we made as a

makeshift.

110mm

..- I ,

./
L 7.5m'"

Top View

Front View

Figure3.2.4 Different views of the ten~lle test 5p••clmen

----------".

Front View

figure 3.2.5 Dlifllrent views of f1exur.1 t,,"t specimen

SIde View

o
Side View



Tnting
3.4. Bulk dtl"ily: Bulk den~ly specimen WllS prepared according to tile ASTM C.
134

D-WsN
Where, D" Density oftltc specimen, Kglm) W," Weight ofllle
specimen. Kg, IIIldV - Volume of tile 5JltCimen, m',

In this way the density of each sample is

mCllsured [40J

3.5. Mt('hanical1'~inl:

3.5.1. Uninnlllinling machine (UTM): Hounsfield UTM 10KN (HIOKS) ~

used for test of tensile, flellural strenglh. compression shear and other mechaniealllnd

physieal properties ofmlllenals. The following phOlogJ"llphshe",,!he UllIchine.

Fig.3.4 she"" the Univerul testing machine .

.,,.



3.5.2. Electric Balance (HPlOD): The c!ectri"al balance used for measurement

weight of the sample. The balance is sensitive and it can measure 111000 gm

accurately.

3.5.3. Tcsting method:

a) Tensile Strcngth (i):

Tellliile specimen was prepared according to ASTM Method

The test speed was 1mmlmin.
Tellliile Strength=Applied load of the load bearing area/Cross sectional area

6=PIA
=P/A.KNlmm~
=IO]P!A.N/mm~
=IOJplA.Nll0-'im~
=103PIA.MPa

b) Energy calculation [43]
The total energy absorbed by a specimen is calculated by calculating the area under
the load vs. displacement curve of that specimen, and the area under the curve is
calculated. by using the trapezoidal method.

We know, the area of a trapezoidal = width X average length

Considered this example: following is a tensile load Vs. displacement curve of a
specimen. Now, considered our target is to calculate the area Wider the curve that
means the energy absorbed by the specimen.
We can divide the area under (the curve in numerous trapezoid shaped segments and
thus, """h segmenl will cOllsid.cr as a lrapcmid..
Let's, consider a segment wbere X values are from 0.02 10 0.05 mm and
corresponding Y values becomes 240N and 402N respectively.
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That is X]= 0.02mm

Xl = 0.05mm
And, YI = 240N

Y2=402N
So the with ofllie defined trapezoid is= (X,X2)

= (0.05-0,02) mm
= .03m

Aud the average height = (yi+Y2)12
= (240+402)!2N =321 N

So, the area of the trapemid will be = width x average heighl

= (X,-X2) x (yi+Y2)/2 = (0.03 x 321) N-mm = 9.63 Now, lo calculate the euergy

absorbed per m2 we need to divide the obtained result by the cross sectional area of

the specimen, Let, the cross sectional area or the specimen is =32mm so, the energy

per m! will be = (9.63f32) KJ/m2

= 0.3009 KJ/ml similarly the area under the segments can be calculated and then by

summing up all the values of these segments the total area under the eurve can (be

obtained. Thus, the total energy absorbed will be =8 (area of trapezoids)

c) Tensile strain

Tensile strain is calculated according to ASTM D-638M-91 a.

TaJSilcstrain=Ex.tl':r'ISion/25

d) Flnunal Strength [41]

Flexural specimen was prepared according to ASTM D790M, 3 point loading. The

specimen dimension was 125 x 10 x 6-8 mm and support span was 96 mm. The test

speed was taken as 2.6 mm/rnin. The strength may be calculated for any point of the

load deflection by means ofthe following equation-

S = 31'Lf2801

Where,

S = stress in the ouler fibers at mid span, M Pa,

P = load at a given point on lhe load - dcflectioo eUJYe,N

L = support span, mm, B = width of specimen tcsled, mm, D = depth of tested

specimen, mm.
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e) Flexural Straio; Flexural spL'<.:irnenwas prepared according to ASTM D&OM, 3

point loading. Nominal fraction change in the length of an clement of the outer

surface of the test specimen, where the maximum strain occurs. It may can be
calculate(! for any deflection using the following equation.

8r=6DdlL2

Where, 6'r=Main strain ill the ouler ~urfacc,mm/rnm.

0= Maximwu denection oflbe center oflhe beam, mm
d= Depth, nun.

(I) Tangent Modulus of Elasticity-

The tangent modulus of elasticity often called the modus of elasticity is .the ratio,

within the elastic limit of stress to coaesponding ~1rain.It is calculated by drawing

slope of the tangent to the initial ~lraight line portion of the load del1ection curve by
equation .

EB=LJrnl4bdJ where, EB=modulusof elasticity in banding

L= Support span

b= Width of beam tested

d= depth of beam lested

m= Slope of the tangent to tbe initial straight line
portion of the load deflection curvc.
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3.6. Thermal Testing
3.6.1 Thermal Analysis
Thennal analysis includes a group of tc\:hniqm:swhcre >orncphysical property of the sample is
monitoredunder controlled conditionswith variationof tempcraturcat a program rate. When the
mass change is monitored the result>, which indicates chemical reaction" are called Thermo
gmvimetric (TG). When heal absorption is monitored. the result indicate crystalli73lion,phasc
change Cle.as wcllas reactions.Thi, is called Dillcrential analysis (DTA).Togelhcr, they are a

powerful method of analysi,.

3.6.2. TG/ DTG Analysis
The TGIDTA modules use a horimntal differential system balance mechanism. Sample

weight changes are measured as described below:
Sample balance beam and reference balance beam are independently supported by

driving coil/pivoL When a weight change occurs at the beam end, the movement is

conveyed to the opposite end of the beam via the driving coil/pivot, when the optical

posilioll sensors dclccl changes ill lhe pllsilion of u slit .TIle signal from till; optical

JXlsition sensor is senl to the balance circuit, The balance circuit supplies sufficient

feedback current to the driving coil so thaI the slit return to the balance position. Thc

current n.mning to the driving coil on the reference side and the current to the driving ooil on

the reference side is detected and converted into weight signals. Differential form of"thermo

gravimetric is defined DTG.

DT A Analysis
The thennocouple for UTA measurement is incorporated in the end of each of the
balance beam ceramic tubes, and the telllpt.-'Hllurcdifference between the holder on !he

sample side and the holder on the reference side is detected. The signal is amplified and

becomes the temperature diflerence sigoal used to measure the thermal change of the

sample.
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Fig:60 Photogmph shows the IX: measurement setup
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3.7 D.C. Electrical Properties of composite
3.7.1.Intro"'uetion: The D.C. measurement set up is shown in Jig- For D.C. electrical

measurement of composite, c\eetrodinl;, Keithly 614 electrometer, D.C. power supply,

specimen chamber and heating coil are used. A brief description of these instruments

is given below.
3.7.2. Instrument use'" in Eleetrical measurement

The following equipmeut was used fOfD.C. measurement.
a)Keitbiey 614 eleetrometer: A Digital Keith Icy 614 electrometer (model 614,

Keithly instrument Inc. ClcvchUl"',Ohi", lJSA) was used r"r dc current mcasurelllCn1.

It can measure a wide range of D.C. voltage, currents, resistance range of this model

is from 1 olun to 2*10" ohm using the constant current range as low as 10,,14A.

Voltage range is 10 uv to 20 v with an input impedance of greater than 5* 10 ohm.

b)D.C. Power supply: A regulated D.C. power supply (Model Agilent 6545 A) was

"'"for electrical rneasuromenK 'This unit is capable of supplying voltage. D. C. from 0 to

120v with a current range 0 to 1.5A. The input vollage of this unit is 220 v a. c.

e)Oil Rotary Pump: An oil rotary pump was to evacuate the specimen chamber. A

pressure of about 10,12torrcan be attained using this pump

d)Specimen Chamber: Specimen chamber shown in fig 4.1 is designed and

fabricated in the laboratory with the help of university workshop. This unit is

basically consists of two main parts. mainly the stainless steel tube and the sarople

holder.
A stainless steel tube having inner diameter of .045m and 1cnj,>1h0.24 ill is used. The

lower end of the tube is elosed by welding a circular piece ofstain1ess steel sheet. At the

top of the tube one flat stainless steel sheet (.092I:.09m")with a circular hole (diameter

.045 m)at its centre is welded. Another stainless steel (same as above) with a hole of the

same dimension is welded to a stainless steel sheets. This prevents the air leakage when

it is evacuated. The uppor portion can be fixed to the lower portion by screws. The top

opening is closed tightlywith a Teflon stoppor.A thick layer of mica sheeL~placed Ollto
the ioside wall and bottom of thc stainless sheet tube for electrical insulation. The

distance bet" the lead is about .014 m. This is a side tube welded to the stainless steel

tube which act~as an outiel of lhc chamber. A rotary vacuum pump is connected to the

chamber through the side tube with the help of the rubber tube. By this pump a pressure
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of about can be obtained. Required lcmpcr ••.turc in the chamber can be maintained by a

heating tape which is wrapped outside the steel tube and its temperature is controlled by

available transformer.

c)Hellting tape: A heating tape was used to heal thc specimen chamber. It is about 1.75

m long and .03 ill width tape and having the resistance of 15 Olunlill. It,;;an be wrapped

around the specimen chamber easily.

f) Variac: A Yamabishi volt side (type ss-260.10 No 38-1) was connected to the heating

tape and controls required temperature.

g)Kcithly Micro voltmetcr: In this experiment two microvoltmeler DMMC(Modcl 197

A) was used. One meter was used for mca~uremcnl or e. m. f. lICrOSSa Cr-AI thcrmo

couple attached kJ the specimen! Another meter was used for measurement 01"current

through the specimen for different volmge and different temperatures.

h)Electroding: Silver Paint was pasted at opposite llat faces of specimen for good

electrical conduction. Then specimen was kept for a several hours for complete drying

of the paint before taking conductivity measurement.

3.7.2. OC eurnmtvoltage and current temperature measurement

i)DC current voltage (I-V) measurement: A Keithley 614 electrometer and

mierovoltmctcr DMMC was set in the current mode for recording the current through the

sample at different applied voltages. In this case voltage was varied from 0 to 120 volt.

'j) Current-Temperature measurement: The electrometer was set in current model for

the direct measurement of current at different temperature. To raise the temperature,

the specimen chamber was heated by a heating tape which can be easily wrapped

around the specimen chamber.
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RESULTS AND DISCUSSION

Physical and Meehuleal properties of rVC_."",dnst composites

4.1 Bulk Density
Fig.4.1 sbows the effect of sawdust addition on bulk density of composite materials.

With the increase of sawdust addition the density decreases and follows the rnix\nre

rule

FigA.l Effect of Sawdust Addition UD BulK Density
of PVC-Sawdust Composite

15 20

SawdWltAddition (wl%)

25

Similar effect was found by Kunger and Alam [47] in tbe carbon fibre reinlbrced pp

composites. The density of virgin PVC product is I36g1cc, tIu: value is in the range of

1.30-1.58g1cc found in the literature [48]'The density of sawdust was found to be in

the range of 0.5-0.8 glee, which is lesser than that of pvc. As a result the density of

the composites decreases with the increase of sawdust addition.

4.2 Flexural Properties

Fig. 4.2 shows the effeel of fiber addition on flexural strength of PVC-Sawdust

composites. It reveals that the flexural strength offabrieated product slightly increases

with the increase of sawdust addition. For PVC flexural Slrength is found to be 15 M

Pa. Up to20 (wt%) sawdust addition both the sawdust and the matrix bear the load and

make resistance to slip as in the case of age hardening of metals. The sawdust's are

well distributed and the interfacial bonding between the sawdust and matrix is high.
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Consequently flcxural strcngth slightly increases with the incrcase of sawdust

addition. Similar effect was lound by Shaboamc [48].

Fig 4.2 Effect of Sawdust Addition on NormaliZed Flexural
Strength on PVC-Sawdus\ Composites
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Fig. 4.3 shows thc effect of sawdust addition on flexural strain of PVC-sawdust

composites. It is seen that the flexural strain of fabricated product increases with the

increase of fiber addition. For PVC flexural strain is 0.007%. Here the percentage of

strain increases continuously with the increase of sawdust addition.

Fig, 4.3 Effect of Sawdust Addition on Flexurai Strain on PVC.
Sawdust Composites

u,
1/1 0,8
c-g 0.6

:::: 0.4
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o
o 10 15
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Fig. 4.4 shows the effect of sawdust addition on Tensile modulus ofrVC-sawdust
composites. It shows that tensile modulus decreases with the increases of sawdust
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addition(1M _21291.25 M Pa). Composition of the sawdu~t and the polymer arc nol

well distributed.

Fig.4.4 Effectof Sawdust AdditionOilTall
Modulousof PVC-Sawdust Composites
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4.3 Tensile Properties
Fig. 45 shows the effect of sawdust addition on tensi1c strength of PVC-Sawdust

composites. Jt reveals thal the tensiie strength of fabricated producl increases with the

increase of sawdust addition. For PVC tcnsile strength is 8.395 M Pa. Thc increase in

tensile strength is probably cansed by a nnmber of reasons including a) dispersion of

the sawdust in thc matrix b) moisture pick up and c) decrease of interfacial defects

between PVC and sawdust composites. Interfacial bonding between the sawdust and

matrix may be become well. Similar effect was found by Shabnam [48]

i---j'ig.5 Effect ~fSawdus; Add~io-n.~~-.U'rS~fPVC---'-I Sawdust Composites

S 2.
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o 5 \0 15 20 25

Sawdust Addition(wt%)
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Fig. 4.6 shows the effect of sawdust addition on normalized tensile strain. It reveals

that the strain decreases with the increase of sawdust addition For PVC tensile strain

is 3.13MPa. It is apparent that the elongation dccreases with increasing sawdust

content.

Fig.4.6 EffectoJ'SawdustAdditionon Nonnalized
Tcnslic Strain

"E .a ': j, - ::=: til : :• :E ~o , 0.5 -
~~ o.

0 5 10 15 20 25

SawdustAddition ("10)
-_.~-~-----~---

Fig. 4.7 shows the effect of sawdust addition on Youug modulus of PVC-sawdust

composites. It shows that the YOllllg'smodulus of fabricated product increases with

the increase of sawdust addition Young modulus for PVC is 489.1l1MPa. The

presence of sawdust restrict the slip resulting in lesser ductility and consequently the

% of elongation decreases continuously with the increase of sawdust addition.

Young's modulus is a stiffness of a material. ThlL~stiffness of PVC sawdust

composites increases of sawdust addition eontinuou~ly within the limit of the present
study.

Fig.4.7 Effect of Sawdust Addition on Young
MOdulus of PVC -sawdust composites

5101520

S.wdu'IAdd,lOn (%)
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Fig. 4.8 shows the effect of fiber sawdust addition on normalized fracture energy of

PVC-sawdust composites The fracture energy of a material is a quantitative measure

of the fracture tougltness of it. It is observed that the fracture energy ofthe composite .

increases with the increase of sawdust addition. This increase in fracture eneIb'Ymay

imply that the toughness of the composite becomes better dueto the addition of

sawdust up to the wt"/oof sawdust added in this study.

Fig.4.8 Effect of Sawdust Addition on Normalized
Fracture Energy of PVC-Sawdust Composite

i?1.S r----------------.'"""---,
., 1.8. l----;---...:---~:---.w 1.4
~ 1,2. •

]: 1 •
u.O,S. •
-g 08
-sl04,
0°,2
Z "

" Sawdust Addlion(wt%)

Fig. 4,9 shows the effect of sawdust size on flexural strength of PVC sawdust

composite, It reveals that the flexural strength of fabricated product increases for the

maximum value at 500- t 25micron size and after that it remains constant

FllJ.4 9 Efeel of sawdust Size on Flexurat S'rength of
PVC.Sawdu,' C<nnpooite

Size of ""wdust(micron)
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Fig.4.l0 shows the effect of sawdust size on flexural strain of PVC-sawdust

composite It shows that the flexural strain of fabricated product increases up to 500-

125micron with decreasing sawdust size and then remains constant.

Fig. 4.10 Efect of Sawdust Size on
FExural Strain of PVC-Sawdust

Composites

500 125 p~

Sire of sawdust(mi:ron)

Fig.4.11 shows the effect of sawdust addition onvrs ofPYC -sawdust composite. It

is observed that the UTS of fabricated decreases for the value at 500-125 micron size

after that it contain same value.

Fig.11 effect of sawdust addition on UTS of
PVC -Sawdust composite

15

5

a

••~ 10

~

500 125

size(micron)
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,
Fig.4.12 shows the effect of5llwdust addition on rnllX.stl"llin o[PVC -S.",-dust
composite. It m=ls that (he max. strain o(fabricated product decreases for
maximum VlIlut III (1)1-500(2) SOO-12Smicron size after that it may consUInI.

Rg-12Bfect of sawdust size on maximum
strain of PVe-5awdust composite

~32~..,.".::: 3 . -------:--:----
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Fig 4.14 shows the DTA, TG and DTG curves ofsawdusl.
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FigAIS shows the DTA, TG and DTG curves ofoomposite .
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Fig 4.16 Show, the DT A of PVC, saOOUllIand composite_
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Swodu,t

Fig. 4.17 shov.s the TO of PVC, sawdusl and oornpusiie

Fig. TG of pvC, Sawdustand Composites
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FIg 4.18 Shows lhe DTG "fPVC, smvdust and compos;'''.
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4.5 Thermal Analysis

Fig.13 shows the DTA, TO and OTG curves of PVC. The TG curve shows that major

degradation occurs in two stages. OTA curves of PVC shows two cndo thermic peaks al

295.1°C and 455.20C.I" degradation (1'0),1" OTA peak and 1" OTO are related. And

similarly 200 degradation, 2"<1OTA peak and 2nd DTG arc related. The first one is for

dehydrochlorination and another one is for depolymerization 01'0 curves of PVC depict

that the maximum degradation occurs at the temperature 297°C with the rate of 343.59

mglmin. Two OTO peak obtained at 297.00and455.200c.

Fig.14 shows the OTA, TG and 01'0 of sawdust The TO curve shows an initial 2.7%

loss corresponds moisture content. Then the mass is continuous losing having initial

slower rate and ending is lhe faster rate. The lighter substances remove initially and then

havier material removed.( e.g. lignin)Two endo thermic OTA peak were obtained. The

peak at 68.90e is for removal of moisture. And the 2"<1one 365.10c is corresponds to

major degradation. Two DIG peaks were also found at 297.5°c and 363.20e which are

corresponds to removal lighter material and heavier material. DTO curve of sawdust

depicts that the maximum degradation occurs at the temperature 363.2oCwith the rate of

0.815mglmin. OTA curve of sawdust shows two endothermic peaks at 68.50C and
365.loC

Fig. 15 shows the TO, DTA and DTO curves of a composite. This fig. are reveals that TO

of composite two stage degradation temperature Here 01'0 shows two peaks one is at

274.30C.Where for DTA two endothermic peaks one is at 312.SoCanother is 463.00C.

Fig.16 shows the DrA traces of PVC, sa",dust and a composite. It shows that the top

eurve is for sawdust, bottom one is for PVC and the curve for composite in between

them. DrA of sawdust shows two endotheonic peaks at 73.9°c and 365.8°c. Here l'peak

forwatcr absorption. On the other hand, one peak is found at the same temperature as that

for PVC and composite at 294.5"C.The effeet of sawdust addition was also found in the
composite curve peak at 294.5° C.



Table I DTA for PVC, sawdw;t and composite.

Sample I' Peak{ C) 2" PeakCC)

PVC 294.5 457.2

Sawdust 73.9 365.8

Composite 294.5 457.2

Fig.17 shows the TO curves of PVC, sawdust and a composite. "Ibe top one is for

PVC, bottom one is for sawdust and middle one is for composite.

Here for sawdust on~et temperature 317.8oC where I've and composite the nearest

temperatures are 279.2~ and 274.4°e respectively two stages of degradation TO

curves of PVC and composite show. On the other hand for sawdust degradation

oceurs in one stage. Lastly 20% residue of sawdust remains where as 10% for PVC

and 11.9% residue for composite arc observed. The onset temperature and 50%

degnldation of temp of sawdust arc much higher than those of PVC and composite.

Fig18 shows DTG of PVC, sawdust and composite. For composite and PVC there are

two peak.

TabJe-2DIG of I'Ve, sawdust, compositc,(wt 10%sawdugl

Table 2 shows the maxImum degradallon temperature for PVC and composIte

accordingly arc296.7 and 299.lQC respectively where maximum temperature for

sawdust

Sample Maximum at( C) Degradation rale mg/min

eve 296.7 1.08
Sawdust 364.6 0.82
Composite 299.1 1.58

is 364.6DC.Nearcst degradation rate for PVC and composite respectively arcl.085

mg/minand 1.585 mg/min

But for sawdust it ocelli's at the rule of 0.85 mgfmin.2'" stage degradation temperalure

for PVC and composite are455.4°C and 460.2QC respectively.
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Here in the fig 4.19 with the increases of voltage, current increases linearly in the

lower temperature. The addition of sawdust in PVC may significantly increase the

electrical conductivity. It is seen that the dc electrical conductivity of the composites

increases as the concentration of sawdust increases It might be due to the increase of

polar groups in the composites and dipole originating from the presence of

asymmetric excess electron in the polymers. So it is obvious that as the polar

molecules concentration increases, the number of electrical charge carries increases

resulting in higher conductivity.
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Fig. 19 I-V curves at different temperature for PVC- sawdust composite with different

sawdust (500micron)
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The variation of current with voltage for different size sample is shown in this

Fig.4.20. It is observed that the conductivity increases as sawdust size decreases.

10""( 126m Icron ,

''"
'"
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< '" • ",e
i""
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-----..- 1OOC,,>, .
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Fig. 20 I-V curves at different temperature for PVC composite with 10wt%

Sawdust of 125micron and pan.
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Current at different voltage follows the J"" V" law. The value of 'n' close to unity.
This means that the conduction is ohmic in the lower temperature.

Table 3 : n values from I -V curves

Samples (wt%) n valus

a a"', 1.05

10 1.64

10 1,69

20 0"

The variation of current with voltage for the composites with different size sawdust is

shown in Fig 4.21, It is observed that ClJrrent increases with the increasing voltage

linearly. When size is fine, conductivity increases with the increasing voltage.

FIg.4.21I-V curves at room temperature for different
size sawdust compO$ite.
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From fig 4.22, up to ]0% resistivity decreases drastically and then it decreases slowly.

Initial decreases I the resistivity of the composites may be due to presents of hydroxyl

ion because of the presence of absorbed water and lignin in the sawdust. Above

lO(wt%) the resistivity decreases slowly because the further addition of sawdust does

not contribute any more to the conduct •.0" ,

Flg.22 RIoaistNlly vs%of weight 01 sawdUIII(500mlcron)

"

%Orwelghl
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CHAPTER-5

CONCLUSIONS

5.1Conclusions

5.2 Suggestion for future work



5.1 Cunclusions

The polymer-nntural Jibcr to mp",itcs arc 11111")1 ta" I lor lhcLIlow w,t, enVJ'Olln'C"l

friendly alld biodegradability. For this reason PVC - sawdu~t composiles with dlffclent

wt% of sawdust have been prepared by hot press molding method. The physical,

mechanical, thermal and electrical properties have been investigated.

Based on the studies of physical, mechafilcal, thermal, electrical properties of PVC-

sawdust composites following conclusions may be dravVD

I) Bulk density of the compo~ltcs decrea.,e~ WJth the increase of sawdust addition,

2) The flexural sLrength of lhe !iJ.bncaled product slightly lI1creases and flexural ~tralD

also increases with the increase of sawdust addition, The langent modulu, decreases with

the increase of sawdust addition. The sawdust may not be well distributed in PVC matrix,

Fracture energy of PVC-sawdllst composite increases with the increase of sawdust

addition. The flexural slram of fabricated product mcreases up to125 micron with

decreasing sawdust size and then remams con~1ant.

3) For the composites, the tenslle slrength increases With the increase of sawdusl

addition, 011 the other hand, the tensile strain decreases with the increase of sawdust

addillon .. The YOlUlg'S modulus increascs with the increase of sawdust addition.

Therefore stiffuess of PVC- sawdust composites Increases WIth the sawdust additioll

continuously. Also it is observed that UTS of fabricated product decreases for the

sawdust of 500-125 mlcron size after thaI Il ISmorc or le~s constant.

4) From I-V characteristics of the compo~itcs for different % of weight it is observed that

I-V curve shows ohmic behavior in the lower temperature. The dc eleetncal resi,tivity of

the composites decreases as the concentration of sawdust increases. Initially decreases
rapidly and than it decreases slowly,

5) From the TG, DTA, DTG curves of PVC sawdust and composites It JSfound that tho

thermal behavior lies between /hose of PVC and sawdust. Thermal stability Increases
with the increase ofsawdusL

In the end, the outcome of thIS study mdicale~ /hat these materials Can be used in the

industoal and household appilcation,
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Suggestion for further work

The following experimcnts can be carried out lor understanding of the electrical behavior
ofthesc materials.

1. Optical properties can be carried out by UV spectroscopic study.
2. A. C and D.C. eleclrical properties of a large ~cries of different size sawdust are 10

bc studied.
3. Fillers ate commonly employed in PVC compounds in order to reducc cost, They

may also be employed for technical reasons. China clay, calcium carbonate etc.
arc used for general purposc work. Such &amplescan be investigated.

4. The dielectric constant, loss factor and the dielectric strcngth may be measured to
find the dielectric application of the materials.

5. Further detail physical and mechanical properties should be investigated.
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