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Abstract

A simple hot press molding technique was used to produce Polyvinyt Chloride (PYVC)-
sawdust composites. The various physical, mechanical, thermal and clectrical properties
were investigated on composites prepared from P¥C and di (ferent size sawdust. Bulk

density has becn investigated and was found 1o decrease with sawdust addition.

The flexural strength of fabricated product slightly increase with the increasc of sawdust
addition where as [lexural strain increases with the increase of sawdust addition Tangent
modulus decreases with the increase of sawdust content. The lensile strength increascs
and tensile strain decreases with Lhe increase of sawdusl addition. Thus Young’s modulus

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

The thermal behavior of PYC- sawdust composites was analyzed by Thermogravimeiry,
Dilferential thermal Analysis and Differential thermogravimetry. Degradation have been

invesligated for sawdust, PYC, composite. The degradation hehavior of the composite is

intermediate to those of PYC and sawdusl.

The current —vollage (1-¥) characteristics of PYC —sawdust composiles having differcnt
weight (%4) sawidust have been investigated et dilferent lemperatures The [-¥ curves
show ohmic nature in the low lemperature and become non- ohmic at clevated
lemperatures. Resistivity have been calculated and is found to decreases with Lhe increase

of sawdust (wt%)cantenl.
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1.1 Introduction
Composite materials can be defined as substances consisting of two ar more physically
distant and mechanically separabie materials. Over last few decades, composite materials,
plastics and ceramics have beon the dorninant emerging malerials. The volume and
number of applicalion of composite malerials have grown steadify by penctrating and
conquering new markels relentlessly. Modern composile malesials constitute a significant
proportion of Lhe cngineercd materials, market ranging from cveryday products to
sophisticated high tech application. Whilc composite have already proven therc worth as
weight saving material, the currently chaflenge is to make them cost eflective. The ellcets
to produce economically attractive cotposite compounds have resulted in scveral
innovative manufacturing lechniques current being used in the composiles industry. The
composile technalogy of a polymeric matrix reinforced with man made fibers such as glass,
Kevlar, carbon, clc, has come of age especially with the advance in aerospace applications
since |950s

Materials property combinations and ranges have been, and are being, exlended by the
development of composite materials. . Composite materials vepresent nothing but a giant
step in the ever-constant endeavor of optimization in matetials property. Strictly speaking,
the idca of the composite is nat a new or recent one. Nature is fuli ol example wherein Lhe
idea of composile is used.. Wood is fibrous composite; ecllulose fiber in lignin matrix. The
ccllulose fibers have high lensile strength but are very (lexible. While the lignin malrix
joins the fiber furnishes Lhe stiffness [3]. Besides naturally ocourring composiles, therc are
many other engincering malerials that are composites in & very natural way. Among the
modern structural materials, the history of fiber-reinforced composiles is only three decades
old. However, in Lhis period of time, Lhere is & tremendous advancement in the science and
lechnology of the new classes of materials. The low density, high strength, high stiffncss
1o weight ratio, excellent durability, and design flexibility of fiber reinflorced polymers
are primary reasons for their wuse in many structural components in the air crall,

automotive, marine and other industries [4]



Natural fibers are a promising reinforcement 10 use in thermoplastic composites due to
their Jow density biodcgradable, lcss expensive and excellent mechanical properties as
alternatives to synlhetic (ibers ¢.g. glass, carbon ete. Further more the natural fibers such
as sisal, jute hemp, sawdust and fax efe. arc relatively cheap and obtained from

agricultural renewable resources in many devcloping countries in the world.

Composite [abricated using these natural libers have the potential over the synthetic fiber
composiles and are currently being explored in sectors like auwtomobiles and buildings.
The lightweight natural fiber reinforved polymers have a weight saving polenlial, lessening
the dependency of automobiles on fossil fuel resources. The natursl fibers however,

gxhibit large variation in quality, are thermally fess stable and are sensitive to moisture

absorption.

For manufacturing of reinforced composite materials, faclors such as fiber content, fiber
diameter, [iber length, void content matrix propertics, fber-matrix bonding, fiber
oricntation and liber properties are very important as they determine the [inal properties

of the naturat fiber reinforced composite compounds. [6]



1.2 Review of the Earlier Research Work

The history of human civilization and social development is strongly inleriwined with the
pervaﬂivelrolc of materials - namely, the substances that are accessible 1o mankind and can
he processed 10 exhibit the desired properties for making things. The compiexity ol
biomalerials availobie today 1s a result of the continual demand to improve the qualily of
hiomaterials needed for technological advancement. Biomalerial rescarchers around the
world work lo develop both new biomaterisls and also improve existing oncs. The new era
of science and technology know how in research development is a foundation for every
other procedure.

Sombatsompop and Caochanchanchaikul [7] worked out research on PYC sawdust
composite with diflerent silence coupling agent. Uniquc explanation arc given (o describe
changes in the mixing lorue and tensile and impact properties of PYC wood sawdust
composites afected by various types and concentrations of silence coupling agcnis.
Concentration of .5-1.0 and 1.5% coupling agett arc recommended far the optimization of
the tenstle and impact properties of the composite, respectively. Changes in the tensile and
impact properties of the composites, with low sawdust coplent were more sensitive to the
addition of silence coupling agenls ihan those with high sawdust content. The effect of
sawdust conlent they found that (he composites with a higher sawdust content exhibit a
Jower tensile strength than those with a lower sawdust content. Composile with higher
sawdust content were likely 10 conlain grealer moisture content because Lhe wood
sawdust was hypetlink and ihe water molccules on the fiber surface could promote of
accelerate Lhe sell condensation reaction of (be coupling agent and increasing Lhe wood
sawdust content automalically :ncreased Lhe interfacial defects in the PVC malrix.
Sombatsompop ct al. [8] carried out rescarch on maleic anhydride gralled PP and impoct
modifiers oo mechanical properiies of PP/wood sawdust composiles. The concentration
of wood sawdust was also varied. The experimental resulls revealed (heir increasing the
wood fiber into the PP matrix reduced the overall strenglh and toughness of the
gomposites. 1t was observed that the higher the impact cancenteation, the greater the
improvement in 10ughness of the PP wood composiles, and there fore an impact modilier
with high co monomer conlent and high meit (low rate is recommended. They suggestad

that the wood fiber content was increased, the overall strength and toughness of the
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composiles decrcased. The toughness of the PPAwood composites could be regained by
adding an impact moditicr content enhanced the toughness of e composiies.

Las Penas |9] worked on the compositc materials comprise @ matrix of thermoplastic PP
or mixlures with polymers, additives, clabilizers, anti- oxidants, dyes, ele. charge or
reinforcement of vegelables fibers. The fiber may coir, sisal, jule, hemp, rmmig, flax,
cotlon, kapok, and kenal, alone in mixtures wilh or without pretreatment (o enhance
compatibility with the matrix, and as fibers of .5-12 micro . ot ground into a granulate
material. The composite may conlain 30-70% fibers and may be processed by extrusion,
calentering lamination, optienally coated with another woven of non woven malerials and
finally molded in cold molds (o obtain {inal forms. The malerials have mechanical
properties which are improved with respect o conventional similar malerial and are
indeed for use as inicrpal Jining motor vehicles, essentiafly, in the construction induslry
as insulation or decorative materials, in the packing industry.

Bledzki and Faruk[10] worked on four type of wood fiber (hard, solt, long, wood chips)
were used to prepare wood fiber reinforced PP composites. The effect of coupling agent and
fiber length and geometry on the performance ol wood fiber PP composites has been
invesligated. Wood chips pp composiles showed better tensile properties comparative with
other wood fiber pp composites with addition of 5% MAH-PP. Hard wood fiber pp
compositcs showed betler impoct valuas compared Lo other. Long wood fiber and wood
chips PP compuosiles showed [pwet hygroscopic comparative 10 hard und sofl wood fiber pp
cOmposiles.

Thermoplastic- natural fiber composiles containing polymeric interfacial blending agents. A
natural Tiber-thermoplsstic compositc COMPriscs porous natural celiulose {ibers, @
thermogplastic material, a porosity aid, and an interfacial blending agent which is a
polymeric subsiance. A process of preparing such composite includes ihe sieps of mixing the
natural Mbers and the thermoplastic material in a blender with a porosity sid and an
interfacial biending agent to from a mixture; adding the mixture to a heated extruder;
compressing the mixture with an extruder screw having a piurality of Night seclions, at
teast one of the Aight seclions serving as a compression flight sections which compresses Lhe
mixture by having its flight spaced closer together than other adjacent flight sections, and at

\cast one other vent (light sections which allows gaseous reaction producis Lo be removed



from the extruder through a vent in the extruder by having its (light spaded farther a parl
than (he compression section, the vent Might section being positioned afler the compression
flight section exlruding the mixture Through an cxlrusion dic as a composite and shaping
the composile in a vacuum calibration device o a desird profile. ‘The process lurther
includes the sicp of co-extruding a second thermuplastic on to the natoral fiber-
thermop)astic composite for some applications (e.g., windows, doors and siding).showed
lower hygroscopic comparative to hard and sofl wood fiber PP composiles (1]

Yang et al. [12] studied sisal/AVC composites with respect 0 the efTects of [iber and
matrix modification, Processing paramcters o the mechanical and waler resistance
properiies. Their main objective is to oblain the best processing parameters and interface
modification 1o make novel sisal/PYC Composites. To make good use of Sisal fiber and
PVC, it is important {0 Improve the inlerface. So that better mechanical properties of the
composile can be oblained. But unforiunately, their rosults show that thermal t{realment,
acetylaling and coupling agent improve neither the interface nor the mechanical
propertics, On the contrary, ihe untreated sisal-fiber-reinforced PYC composite POSSES
betler mechanical propertics. These resulls have been explained by the small fiber-
volume fraction (18.5%) of their composite and Lhe melting processes method that leads
to the poor immersion of fiber in the PYC matrix. Also, both treated and untreated
sisal/PVC composites have quite good moisture resistance.

Manikandan et al, [13] studied the Lensile properties of shor sisal-liber-reinforced
polysiyrenc composiles, Untrcated and benzoylated Sisal fibers were ysed 1o praduce the
Composite and the influences of fiber length, fiber content, fiber oricntation and fiber
benzoylation were invesligated Vanation in fiber length produces no considerable changs
in the modulus of the composites but gives maximum tensite strengih (25M Pa) at a fiber
jength of about 10mm,

Bledzki et al. [14] worked out research on wood PP composiles of dilferent composition
have been prepared using malice anh}rdride-pnlyprnpylene{hMH-PP} co-polymer of
different percentage. Tensile, flexural, fracture toughness and impact test of the prepared
were carried out. From the result it is observed (hat the hard wood fiber PP composites by
using mileated PP shows comparatively better pecformance to soll wood [liber PP

composites.



Kabir et al. |15] worked on PP-Bagasse composiles. They found that the density
decreases with the increases of fiber addition. The tensile strength of composite product
decreascs with the increases of fiber addition Thoy found that the fiber burns out above

180"c,50 polymerization process could not proceed.

Jang et al. [16] studied the mechanical properties vl scveral hybrid composites conlaining
both continuous fibers and whiskers .Adding a small amount of inclusion in the epoxy
resin can result in an improvement in the cnergy absorbing ability of a fiber composite. A
uniform dispersion of the parliculate whisker phase is essential to the achievement of
balanced mechanical properties. Razzak and Bhuiyan reported the structural [17] and
eleclrical [18] properties of PP Bijoypur white clay (BWC) composites. Due to inclusion
of BWC the PP struclure was modilied,

Mayama et al. [19] worked on the composite sheets are preparcd by laying mixlures of
reinforcing fibers with a three dimensional structure, hydrophilic polymer {A) particles
wilh average diameter 5 — 2000 pm and moisture-ebsorbing particies {13) with ratio of
average diameter of B particles to average diameler of A parlicles 1-3.3-l inamold ona
planer surface and heating the mixturc at or above the m.p. of A Lo 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 isostcarate werc mixed to give &
hydrophilic polymer which was mixed with three paris PCS and fed 1o a mold conlaining
o fiber structure composing polyester fibers and polyamide mono filaments. The mald
was heated aL 140-150%C 10 give a composite shests showing moisture absorption 0.01
g/g H,0 absorption 0.86 p/g parasity 46.7% dimensional change alter water absorption
0.16% tensile strenpgth 35 Kp/em? and impact strength 13 Kp-cinfom’.

Rowel ct al. [20] results suggest that agro-based fibers are a viable aliermative to
inorganic mineral-based reinforcing fibers in commodity fiber ihermoplastic compasile
materials as long as the right processing conditions are used and for application. These

renewable fibers have low densities and high specific properties and their non-abrasive

nature Permits a high volume of filling in the composite. Kenal [ibers, for cxample, have



excellent specilic propertics and have potential Lo be outstanding reinforeing fillers in
plastics, Several Lypes of natural fibers, ¢.g., Kenaf, Comcob, Oat hulls, rice hulls, Pcanut
hulls and soybean hull residue, were blended with Fortilene 1602 PP and then injection
molded, with the fiber wi, fractions varying to 60% A compatibilizcr or a coupling agent,
¢.g., Epolenc G 3002 a maleic anhydride-grafied Polypropylcne, was uscd to improve the
non-polar malrix and the polar lignocellulosic fibers. The specific lensile and exural
moduli of a 50%, by wt. (39% by vol) of Kenaf-PP composites comparc favorably with a
40% by wi. of glass liber (19% by vol.)-PP injeclion molded compaosiles. Furber more,
Preliminary results suggest that natural fiber-PP comnposites can be reground and

recycled.

Monteiro et al. [21] studied on the structural characleristics and mechanical properiies of
coir (iber and polyester composites. Random oriented coir fiber-polyester composites
were low-sirength materials, but could be designed to have a set ol Nexural sirength
building elements. The lack of an eflicient reinforcement by coir fibers the composile
was altributed to their low modulus of elusticity in comparison with that of the bare
polyester resin. With the fabrication route used, two dilferent products were obtained,
namely: rigid composites, for fiber loading lcss than 50% wi, and agglomerates, when the
fiber loeding was higher than 50% wt. '



1.3 Objective of the Present Study

As mentioned in the introduction, composites with natural [liber reinforcement play
imporiant role in the development of seience and technology. From the review of
literature it is seen Lhat lot of efforts have been put on the study of natural fiber reinforced
composiles for their medified mechanical, eloctrical, thermal, ele. propertics. The use of
sawdust and their effects on the composile properties are not well studied. The use of
sawdust, derived trom the renewable sourec, as reinforcing fibers in thermoplustics
composiles may provide positive benefits with respect 1o ultimate disposabilily and raw

material utilizalion.

This work was aimed at preparing and characterizing sawdust reinforced PYC
composites. The composite of different compositions of sawdust and PYC werc prepared
by hot press molding method. Density and water absorption of the ditferent composites
were measured. The tensile and flexural strengths of the sawdust reinforced composite
were also investipated. Investigation of mechanical properties allowed to the understan
ding the effect of sawdust on this property.

DTA and TG were employed for the therma) analyses of the composites. DC clectrical
measurcments were performed at dilferent applied vollages and different lemperaturcs cn
PVC-sawdust composites of dilfercnt compositions lo understand Lhe eifect of sawdust
on the electrical properties. These sludics indicate the relation between struclure and

property, which help finding applications of these composites in scicnce and technology.



1.4 Summery of the Thesis

To make this rescarch work reader friendly this disseriation has been conligured into six
chapters.

In the first chapler, a general introduction is presented where an idea about the natural
fiber, composile, fabricaled composite are summarized. Some carlier and recent works of
a number of literatures arc reviewed o understand the scientific importance of those

studies needs For Ihe present investigation and the objectives of the study.

In chapier two, the details about polymer, classification about [bers are described.
Classifications ol composile materials are briefly described. Deformation, stress, strain

and thermal analysis are focused at the end of this chapter.

Thie experimental procedures are bricfly explained in chapter three along with description
of the sample preparation, raw materials .The instrument, measuremant principles are

discnssed briefly. Testing method is explained lustly in this chapter.

In chapler four, resulls and discussion arc thoroughly cxplained. Bulk densily, thermal
analysis and mechanical properties {tensile and flexural) arc discussed and cumrent

vollage characteristics are discussed at the end of this chapter.

Finally the conclusions of the work done and suggestions for future research on Lhese

composiies are inciuded in chapter five.
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2.1 Polymer

A molecule has a group ol atoms, which have siong bonds among themsclves
but telatively weak bonds (o acjacent molecules. Lxamples of small molecules arc
W‘ﬂlCT(l‘]:G},Mﬁhﬂﬂﬂl(c|.'|3.|]H},Gill'|.ﬂﬂ dioxide and so on pulymers contain thousands to
million of atoms in a molecule which i5 large, they are also called macromolecules,
polymers arc prepared by joining @ Jarge number of small molecules called monomers.
Polymers can be thought of as big buildings and mopomers as the bricks thal go inlo
them. Monomers are generally simple orgenic molecules containing a double bond or a
minimum of Iwo active functional groups. Polymers are structuraliy much more complex man
metals or ceranics. They are cheap and easily possible. On the other hand, polymers have lower
sirength and modulus and lower lemperalure usc limits prolonged cxposurc Lo ultraviolet light
and some solvent can cause the depradation of polymer propertics.

DBecause of predominantly covalent bonding, polymers arc generally poor conductor of heal and
electricily. Polymers however arc generally more resistart o chemical man other metals.

2.1.1. General classification of polymers

Polymers are classified on many points of vicw. According to-

I} Source

2) Nature of the backbone chain of polymers.

3) Characteristic lowards thad.

4) Ultimate nature.

5} Chacmical struciare

6) Method of synthesis

7) Composition

8) Tolarity

Polymers are mainly two types such as-

1) Thermoplastic Polymer

?) Thermosetting Polymer.

Thermoplastic Polymer-These polymers sollen on heating and can be converled inte
any shepe lhat they can remin on cooling. The process of heating, reshaping end retaining
(he same on cooling can be repeated several times such polymers, that solten on heating
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and stiffen on cooling are tenmexd thermoplastics polymers example polyethylene, F.V.C,
Nylon clc.
Thermoplastics have one or two dimensional molecular structure and they tend o sotlen
al an clevated empernture and show exapperated melling point. Another advanmge is
that Lhe process of sifing ot clevated temperature can be reversed (o regain its properties
during cooling, facilitating application of mould the compounds.
This type of polymer consists of linear molecular chains which arc not cross- linked.
Instead, the attractive forces between Lhe chains ere the weaker secondary bonding forees,
1, ¢, Vander wall's forces. Thus they are nol as rigid as the thermo sets, and cxhibit upon
hating,
The advantages of thermoplastic systems over thermo sets are thal there arc no chemical
renctian invoived which ofien result in the time required for heating, shaping and cooling
Lthe structure,
Thermoplestic resins are sold as moding compounds. Fiber reinforcement adapt for Lhese
resins. Since the fiber are randomly dispersed, the reinforcement will generally be
almost isotropic. However, when subjected to malding processes, (hey can be aligned
directivnally.
Briefly some important characleristics of thermoplastics are given below-
*Short melling time
*Processing is casy

* Recyclable

*High fracture loughness

* Poor chemical resistance

* High shoinkage.
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As out composilc plate is made by using PVC resin as matrix therefore we have only
discussed about PYC resin Delow e

PVC is onc of the feast slable ol commercially available polymers. The polymer first well
known during World Warll osa substitute for natural rubber for wire insulation and for
water proof sheeting. After the war it retained some of thesc upplications uses in the arcas
of flexible sheeting, hose piping and small moldings. In many msianccs poor formulation
gave lhe material a bad rcpulation which took some years o eradicate. Over the ycars
many of the additives came under scrutiny concerning their Laxicity but the discovery Lhat
the monomet had a number of undesirable toxic characieristics caused considerable alarm
and revision of manufacturing procedures in the 1970s. Morc recently there have been
wories concemning the use of plasticizers in applications requiring contact with food. In
addition there has been concem about the natre of the decomposition products of fire
and of compositing. Finally, as a long established material it was considercd to be down
market or indeed obsolescent Not surprisingly, it has becn subject to increasing
substitution by ncwer polymers. Ln the massive form poly vinyl chloride is a coloriess
rigid material with limited heat stability and with a lendency to adhere 10 metallic surface
when heated. For these, and other, reasons it is necessary to compound the polymer with
other ingredients to make uschul plastics materials. By such means it is possibie to
produce 8 wide range of products, including rigid piping and soft elastic cellular
materials.

Polyviny! chloride has a good resistance to hydrocarbons but somc plasticizers
particularly the less palar ones such as dilulees separate, are cxlracted by materials such
as jso- oclane, The polymer is also resistant to most aqueous otder transition temperature.
Polyvinyl Chiotide compounds are reasonably gaod clectrical insulator over 2 wide range
of frequencies but above the second order transilion lemperature Lheir value as an

insulator is limited to low frequency applications.

Thermosetting polymer- These polymers undergo some chemical change on heating and
convert themselves into an in fusibke mass. They are like the yolk of the egg, which on
heating scts into a mass and once sel, <an not be reshaped such polymer, that become and

infusible and is soluble mass on heal are called thermosetiing polymers. Ex-phenols,
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polyester, epoxics 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 cross-
linking takes place between lincar chains. Indeed, this type of polymer is initially cured
or hardened by the application of heat, hence the term thermo set.

Thermo sels are the most popular of the fiber composite matrices. Agrospoce components, alto
mobile parts, defense systems clc use a great deal of this Lype of fiber compaosites. Apain, in
terms of moleculer struciure dilferent conliguration of palymers is as follows-

Linear polymer-This type of polymer consists of a long chain of alom with attached gide
groups. Ex-polycthylene, 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 on chain are bumned with thosc of matier,
crass linking of molecular chain resull in three dimensional networke. Cross linking make
gliding of molecules past one another difficult. Thus making the polymers strong and rigid.
Ladder potymer-1f we have two finear polymers linked in a regular manner, we get a Jadder
polymer not unexpecrodly. Ladder polymer are more rigid thal linear polymcTs.

2.12. Naturul and Synthetic potymer-Deperding on (heir oriyin, polymers can be grouped as
natural or synihetic. Those isolated from natur! malerials are called natural polymers. Typical,
Tropical examples arc cotion, sillg, \;.ml end rubber, cellulos¢ rayon and s0 on are infect
chemical medification of natural polymer.

Polymers synthesis sized from low molecular weight compound are called synthelic pelymer.
Ex-polyethylene, PYC, Nylon.

2.1.3, Organic and Inorganic polymer-A polymer whose backbone chain is essentially made
of carbon alom is lermed an organic polymer. The aloms altached Lo the side valences of the
backbone carbon alom arc however, usually thase of hydrogen, oxygen, nitrogen cic. The
rajority of synthelic polymers arc organic und they are very exiensively studied.
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2.1.4 Brief Description of some polymers 122]

Polyethylene-

Monomer —Elhylene (H2C=CHa)

Polymerization- LDPE- Free radical Initiated chain polymerization

HDPE: Ziegier-Natta or metnd oxide catalyzed chain polymerizalion.

Major uses {{ DPE)-Filmand sheet (95%) house wares and toys( 16%),wire and cable coating(5%)
(HDPLEYBotles (40%4), house wares conlainers, loys (35%), fittings 10%, flm and shect (5%0).
Polypropylcne

| CHj;
Manomer; Propylenc {CHz=C-H)

Polymerization-Ziegler-Natta catalyzed chain polymerization.

Monomer -Vinyl chloride (HC;= C-H} Polymerization-Frec radical inilialed chain
Polymerizalicn-Zicgler-Natla catalyzed chain polymerizaiion.

Uses-fibre products (30%), house-wares (15%), auiomotive pans (153%)

Poly Vinyl Chloride Cl

Monomer- Vinyl Chloride (I1C;=CH)

Use-pipe and [ittings {35%), film and sheet (15%) {looring maletials (10%), wire
and cable insulation {15%}, auto molive paris (5%) and adhesive and coalinp
Poly (Vinylidene Chloride)

Meonomert - ¥inylidene Chloride (CH=CCly)
Polymerizalion-Free radical initiated chain polymenzalion.

Usc-Film and sheeling for food

packing. Poly styrene

Monomer-styrene (C;HsCH=CHa)

Polymerization-Free radical initiated chain polymerization,
Use- Packing and containers (35%), house wears, toys and
recreational equipment (25%), appliance parts (10%) disposable
food conlainers (10%)
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2.2. Fibers

Fibers may be found in almost any part of the plant — steins, leaves, roots, fruils, and
even sceds. Physical properties of fiber, such as, breaking strength, extensibility,
flexibility and moisture absorption etc. all depend on a number of factors of which the
length or size of the fiber molccules, the mode of alipnment amongst them and the
nalure and intensity of intcr chain cohesive forces are important. In pure celluloses
fiber the lateral cohesive forces including hydrogen bonds have maximum intensily in
the cryslalline regions, where the chain molecules are armanged in a more organized
manner. The erystalline portions contribute in the strength and rigidity of fibers, while
amorphous portions, which allow the betler freedom of movement of the chain
molecule account for extensibility, flexibility and moisture aflinity

Like tensile sirength, the other properties of fibers, such as cxiensibility and
fexibility are also influenced to a greal extent by the cross-linkages in the amorphous
regions usually, the low inter chain cohesion in the amorphous regions permils 4
betier freedom of moverment to the chain molccules as a result of which these regions

in part the above useful qualities to the liber.
2.2.1. Structure and occurrence of fibers

Although 1:Ilul to so many different uses, and pcrhaps differing in texture, strength,
chemical composition, and place of origin, with fow exceptions libers arc alike in (hat
they arc sclerenchyma cells and scrves as the part of the plant leaves. For the most
they arc long cell with thick walls, corrcspondingly small cavities, and usually peinted
ends. The walls oficn conlain lignin as well as cellulose. Fibers may occur singly or in
smull groups, but more likely lo form shects of tissue with the individual cells

overlapping and inter locking.

Among the more imporiant may be mentioncd the Palmaceae, Musaceae, Liliaceae,
Amaryiliduceae, Urticaceae, Malvaceae, Linacene, Bombacaceae, Leguminosae,
Moraceae, Tiliaceae, and Bromeliaceae.

Main organic components of the natural fibers are Cellulose, Hemicellose, Lignin,
and related products. Now we describe about them:
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Cellulose
Cellulose pertains (o the class of carbohydrates. It contains 44.4 percent of carbon, 6.2

percent of hydrogen and 49.4 percent of oxygen-

Cellulose is the principal constituent of all plant lile. It is a lincar polymer of
anhydroglucose units linked in 1 and 4 position by a Sglycoside links. The empirical
formula of cellulose {CgH1p0s) n corresponds to a polyanhydride of glucose. The two
terminal plucose residucs of a cellulose molecule contain two different end BrOUps; one
conlains a reducing hemiacetal group in the position C;, and is thercfore, known as the
reducing end group, where as the other contains an extra secondary hydroxyl group in
the position C4 and is known as the non-reducing end group. The structure of cellulose is

writien as follows:

The structure of cellulose -
ClH,0E CHy Ol L
H
OH I§ i
H
_ H {JH

Cellobiosc residue = repeating unit of cellulosc

There arc one primary and two secondary alcoholic h ydroxyl groups in cach basic
anhydrous-D-glucose unit {CgH,005) n, which arc armanged n positions 2, 3 and 6
respectively, on the basic unit. The reactivity of the hydroxyl groups varics in
different reactions. In many reactions (mainly eslerification) the primary hydroxyl
groups have a preater reactivity. The two secondary hydroxyls, at the second and third
carbon atoms, differ somewhat in their reaclivity. The primary hydroxyls of cellulese
clementary units are responsible for the storabilily and dye ability of cellulose

materials. Cellulose is highly stereo specific. The high hydroxyl content of ccllulose
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might suggest high water solubility. This is because of stifIness oF the chains and
hydrogen bonding between

Hydroxy! groups of odjacent chain as shown in the following figure. Hydrogen
bonding in adjacent chains: Besides hydrogen bonding, another type of linkages called

"Semiacelal linkages" is present beiween the adjacent chain molecules of celiulose.

From X-ray diffraction diagram, it has been concluded (hal cellulose has two regions:
crystalline and amorphous. In the amorphous region the polymer chains end to be folded, -
and consequently, Lhey will have rather differcnt properiies the crystalline reggion. [t i5 in
disordered regions lhat the most of Lhe chemical reactions lake place wilh celluiose.
Apain, polymeric fibers arc never completely crystalline. This interconnceiion of

crystalline and amorphous regions ¢nhances Lhe strength of the polymer-
As early as 1520, Herzoyg and Janeke {23} recognized that cellulose (rom such widely
different sources as colton, ramie, wood, jule and flax gave identical X-ray diagram and

concluded (hat these fibers had identical crystaliine structures.

Hemi cellulose

Hemi cellulose is a group of ccll wall polysaccharides. The isolated hemi celiulose is
amorphous substance. The cellulose and lignin of plant cell walls closely
interpenetrated by a mixture of polysaccharides called hemi cellulose. [t is soluble in
dilute alkali and they are readily hydrolyzed to pentose and hexose’s with some

uromic acids.
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Narker and olhers [22] showed xylose linked with methyluronic acid formed the basic
building units of hemi cellulose in jute. it appeared (hal six xylose unils were linked with
1-meihyl glucuronic acid units.

The hemi cellulose is relatively short chain compounds and, therefore, occupics
longitu- dinally Lhe same space as the anhydroglucose unit in cellulose chain. The
short chain polysaccharides would, therefore, pack rigidly into the oriented ccliulose
slruciure between which some cross bridging or looping may also occur.

The structure of hemicctulose :

1l il

1

Lignin

Most plant lissues conlain, in addition Lo carbohydrate and extraclives, an amorphous
polymeric gummy material is called lignin. The nature of lignin and its relationship (o

cellulose and other constituents of fiber are still uncertain. Unlike ccllulose and hemi

cellulose, lignin gives a series of color reactions that indicate the presence of compounds
for which these reactions are typical. Isolated ligin is generally an amorphous madcrial
having average high molecular weight.

Lignin is an insoluble, resin like substance of phenolic character. It is built up to a
large exlent, of phenyl propane building stones, ofien having a hydroxyl group in the
Para posilion and methoxyl group/groups in Meta position/positions to the side chain.
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Besides, (here may be carbon to carbon of carbon {0 oxygen i:lnnn{]s joining the
aromalic ring to the portions of structure. The lignin molecule, thus being
polyfunctionpal due to the presence of aleoholic and pbenolic hydroxyl groups, may
exisl in combinaticn with 1we or morc neighbaring chain molecules, celluluse or

hemicelulosc, serving Lhe fanction of a cross-linking agent. Postulaled monomer in

lignin as shown below.

Over all siructure of lignin:

OCH3 1y OCH3 ¢
| e
HO ﬂ-—?——cm@f{]-—i—cm{
Cl12 CH2
; ;
N, OCH3 e DEH3
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Association of cellulose hemicelluloses and lignin

There is no conclusive proof with regard Lo the chemical union of hemi cellulose wilh
cellulose in the fiber. The opinion is that hemi cellulose, except xylem, can’t inter inlo
cellulose crystallites due to spacing difficulty. The cellulosans, mainly xylem, associaled
with the true ccllulose in the cellulosic structure, arc relalively short chain compounds,
and oceupy longitudinully the same space as the plucose units in the cellulesic chains.
Xylem and cellulose are laid as u mixed crystallile structure probably with incrusting

cement consisting of lignin and hemi cellulose.

Structural upit of lignin:

HO —CH3;CH;CH;

OH,3C 4-hydroxy-3-methoxy-plieny! propane

Regarding the possibility of cellulose-lignin combination, the view iz that the lignin
can’t enter the cellulose crystallite due to the same spacing difficulties, bul a small
amount of lignin is intimalely associated at the cell wall boundaries of cecllulose.
Chemical union exists between lignin and hemi cellulose and it is the esler type
linkage between the alcoholic hydroxyl group of lignin and Lhe carboxyl group of
polyuronic acid of hemi cellulose, and (he ether type linkage belwcen phenolic
hydroxyl group of lignin and hydroxyl group of hemi cellulose.

2.2.2. Economic classification of fibers

Organic [ibers are divided into two main groups, natural fibers are man-made fibers.
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Vibers & classilication chart |24 is piven below.,

Orpanic

Natural Fibers Man-made Fibers

Vegelable Animal Natural Paper Synthetic

Orgin , Origin

‘ ‘ | Cellulose  Celiulose  Protein  Mis
Wod Bast  Leaf Sced ulose clidlose ein isce

) ) : (rayom) csters lanco
FFiber Fiber  Fibwer And s
Fruit
Liber
Wood and Silk and other
hair libers ; [tlaments

Vegetable [ibers are particularly interesting for reinforcement of comcrete. The
vegelable world is full of examples where cells on groups of cell are designed for
strenglh and stifficss. A sparing use of resources has resulted in optimization of the
cell function. Cellulose is a natural polymer with high strength and stilfncss per
weight, and it is Lhe building material of long fiber cells. These cells can be found in
the stem, the leaves, or the seeds of plants. Her, under a few successful result of

evolution are described.,
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(a) Bast fibers (flax, hemp, jute, kenaf, ra mic (china glass)}

In general he'bast consisis of a wood core surrounded by a stem. With in thg stem
there are a number of fiber bundles, cach containing individual fiber celis or
filaments. The [iaments are made of cellulosc and hemi-cellulose, bonded togeiher by
a malrix, which can be lignin or pectin. The peetin surrounds thc bundle, thus holding
(hem on to the stem, The pectin is removed duning the reefing process. This enable

separation ol the bundle from the rest ol the stemn.

Afler fiber bundles are imprepnated with a resin during the processing ol a composite,
the weakest part in the material is the Jignin between the individual eclis. Especially
in the case of flex, a much stronger composite is oblained if the bundle are pre-treated

in a way that the cells are scparated, by removing the lignin between the cells.

Flex delivers strong and stiff fibers and it can be grown intemperate climates.
The fibers

Can be spun to [ine yarn for textile other baste fiber are grown in warmer

climates. The

Most common i jute, which is cheap and has a reasonable sirenglh and resislanec

to rot.

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

applications are
Concemed, fax and hemp are two fibers (hat have replaced glass in a number of

Components, especially in the German automotive industrics.

(b)Leuf fibers (sisal, abaca, banana, pulque, palm)

1a general the leaf fibers are coarse than Lhe bast fibers. Applications are ropes and
coarse Lextiles: with in Lhe total production of leal fibers, sisal is the most important. It
is obtained From Lhe agaves plant. The stiffness is relatively high and it is ofien

applied as binder twines.
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As Lar as compositcs arc concerned, sisul i ollen applicd with lax in hybrid mats o
provide good permeability when the mat has 1o be impregnaled with a resin. In some
interior application sisal is preferred because its low level of small compared Lo fiber
like flax. Especially manufacturing process al increased lemperatures fibers like Max

can cause smell.

©Seed fibers (cotton, choir, kapok)

Cotton is the most common seed liber and is used for textilec all over the world. Other
seed fibers arc applied in less demunding application such as stufling of upholstery.
Coir is an exception to this. Coir is the [iber of the coconut husk; i is a trick and

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

With the rise of composite materials they're ina renewed interest for natural fiber.
“Those moderate meehanical properties restrain e fibers from using them in high tech
applications, but for many reasons they can complete with glass fibers, Advanlages

and disadvantages determine the choice.

It is possible Lo classily fibers in six groups based on their utilization, as follows:

(d)YTextile Fibers

‘The most important use of fibers a1 the present time is in connection with the textiie
industry, which is concerned with the manufacture of fabrics, neiling, and cordage. In
making fabrics and netling, flexible fibers are twisted together into Lhread or yarn and
(hen woven, spun, knitled, or otherwise ulilized. Fabrcs incinde cloth for wearing
apparel, domestic use, awnings, sails, elc., and also coarser malerials such as gunny
and burlap. The fabric fibers are all of commercial imporance. Netting fibers, which
are used [or lace, hammocks, and forins of net, include many of the comunereial {abric
(ibers end a host of nalive [ibers as well, Both commercial and native libers used [or
gordage. For (his purpose Lhe individual fibers are Iwisled together rather than woven.
Twine, binder twine, fish lines, rope, hawsers, und cables are among the many kind of
cordagg.
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{c) Brush Fibers

These are lugh and stifl Gibers, or cven twigs and small sicms, which are utilized in

the manufacture of brushes and brooms.

(I) Plaiting and Rough Weaving Fibers

Plaits are flat, pliable, fibrous strands which are interlaced to make siraw has,
sandals, baskel, chair seals and the like. More clastic strands arc roughly woven
together of meelings and Lhalched roofs of houses, while supple twigs or woody [ibers

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

(g)Filling Fibers
Thesc fibers are used in upholstery and for stuffing matiresses, cushions, elc.; for
cuking the seams vesscls and in casks and barrcls and stiffening in plaster; and as

packing malerials.

(h) Natural Fibers

These are usually tree basles which are extracted from the bark in layers or sheets and

pounded in to rough substitutes for cloth or lace.

(i)Paper Making Fibers

Paper making fibers include wood fibers, textile fiber utilized in eilher the raw or
manufachired state, or many other kinds. It is obvious that any one plant cannot be
restricled absolutely to any single group in this economic classilicalion, since (he

same [iber may be used for different purposes and since the plant may yield more than

one kind of fiber.

(j) Texfile fibers andtheir classification

Textile [ibers are those fibers, which have sufficient lengih, sirength and cohesivencss Lo
permit them to be made into & conlinuous length suilable for fabric construction.

Textile fibers are classilied according o the source and chiemical combination as

follows:
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A, Matural fibers

1. Animal

(a) Hair fibers-sheep's wool, mohair, camel's hair, alpaca, vicuna, Llama.
(b} Cocoon fibers-silk.
2. ¥egelable
{a) Seed hairs-collon, kapok, and milkweed.
(b) Rast fibers-flax, hemp, jule, cotlon iree fiber, ramie.

{c} Lcal (ibers -abaca (Marnila hemp), pincapple fiber.

3. Mineral
(a) Asbestos.

D. Synthetic ibers:
1. Regencraled cellulose-Rayon.
{a) Viscuse.
{b) Cuprammonium.

{c) Fortisan.
(1) Regular.
(ii) Fortisan-36,
2. Cellulosc cslers
{a) Acelale.

(b) Amel,
3. Ptolein fibers

{a) Animal-Cascin.
(b) Vegetable, corn-vicara.

4, Glass
5. Metals-gold, silver, aluminum.
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fr. Nylon,
{a) Typc-66
(&) Type-6

7. Polyester hbre.

{(a) Dacron.
8. Acrylic fibres

{a) Orlon.
{b) Acrilan,

{c} Dynel.
9. Vinyl denivatives
10. Vinyon H.H.

2.2.3 Sawdust
The chief raw materials used (or the sample preparation arc PYC and Saw Dust fiber.

PVC is colleeted from local markel. Sawdust [iber is used as reinforcement agen,
oblained from Sawrmill. 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 of Saw Dust fiber is not unifonn. The condition of soil, climale, maturity
of the plants, relling etc. Make considerable variation in the constituents of the fiber.

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

2.2.4 Advantages of natural fibers

1) Low specific weight, which result in a higher specific sirength and stiffness than
glass, This is a benefit especially in parls designed for bending stiffness.

2) It is a renewable resource, the production requires little encrgy, COs is used while

oxypen is given back o the environment.

3) Predicable with low invesiment at low cost, which makes the material an

interesting produced for low wage countries.
4) Eric ally processing no wear of fooling no skin irritation.
5) Thermal recycling is possible, where glass causes problem in combustion furnaces.

6) Good thermal and acoustic insulating properties.

_26 -



Disadvantages of natural fibers
1) Lower strength properties, particularly its impact strength.
3) Variable quality, depending on unpredictable influences such as weather.
4) Moisture absorption, which cases swelling of the lbers,
5) Reslricted maximum processing lemperalure.
&) Low durability, fiber trealment can improve this considerably.

7} Paor lire resislance.

2.2.5. Principles of fiber reinforcement

The mechanical properties of a composile can depend on many factors as alluded Lo m
{he introduction. Basically, these factors include the specific properties of the maltrix
and (he reinforcing agents, their respeclive volume [raction, the shape, size
distribution and orientation of Lhe reinforcing phase and the bond berween the
reinforcement and il matrix. Let us examine in more delail the relationships belween

these factors and Lheir inMluence on the mechanical behavior of composile materials.

2.3 Composite Matcerials

Composile malcrials have been classified in muny ways depending on the ideas and
cancepts that need to be identilicd. A useful ond all cinbracing classification i set out with
some examples. Most naurally occurting materials derive their superb properties from a
combination of two or more compoments, which can be distinpuished readily. When
examined in the body, which have high strength combined with enormous, Nexibilities, are
made of stiff fibers such as collagen embedded in a lower stiffness matrix.

A microscopic examination of wood and bamboo reveals a pronounced [ibril
structure, which is very apparent in bamboo when il is Fracturcd, IL is pol surprising
(hat bamboo has been called natural fiberglass.
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Practically, cverything is a composite material in this world. Thus a common piece of
metal is a composile of many grains {or single cryslals). Such a definition would
make thing quile unwicldy. Therefore, it must be agreed on an operational definition
of composile matenals for our purposcs in this text. We shatl call a material that

satisfies the following conditions & compasite material,

1) It is manulactured {naturally occurring compasile, such as wood are excluded).
2) 1t consists of two ot more physicaily and/or chemically distinet, suitably arranped
or distributed phases with an interface separating them.

3) it has characleristics that are not depicted by any of the componenls in isclation.

The composile idea can be related also o the macro seal. This is particularly relevant
10 engincenng componcnls, which may consist ol two or more malcrials combined o
pive a performance in service, which is superior o the properties of the individual

materials.

Similarly, Concrele beams, which have excellent compressive strength, are given
some strength in tension by reinforeing the concrete with steel bars. Helicopter blades
combine structural material for strength and stiffness with erosion resistant malenals

to protect the leading edges from damage.

Overall, the properties extubited by a composite matetal are sTongly influenced by he
properties of [he individual constituents, their respective amounts, shape, orientation and
distribution, plus any synergislic inleraction bet” these constituents when they are combined
in composile formation.

It can be macke by mixing (he separulc malcrials in such a way that [he dispersion of one
matrix in [he other can be done in a controlled way 1o achicve optimum properties. The
properties are superior and possibly unique in some specilic respects, Lo the properties of the
individual componcnts,

Tibrous polymeric contpounds are nan homogencous cornpound materials, their base is a
polymeric matrix reinforced by fiber or partictes, For the sound selection of the
experimentally determinable characteristics and mathematical apparatus for processing the
best resulls, it must be determined 1o which of isotropic and an isctropic mulerials classes
does the maerial belong. Depending on the she relationship of reinforced clements and theit
arrangerment in the polymeric matrix bwo large proups of reinforced malenals can be
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identified randomly reinforced ( matrix and paricles) and regularly reinloreed or oriented
(matrix continuous fibers) materials. The first group ol malenials incorporates reinforcemant
consisting of pariicles the sizes of which are comunensurate in atl direction or of chscrele
fibers, for example, short fiber length, whiskers eic. The malnx plays a minor mle in the
tensile load carmying capacity of a composite structure. However, selection of a matrix has a
mejor influence on the iniernal shear as well as in plane sheur properiics of the composile
matedal. The inleraction between fibers and matrix is also important in designing damage
plemnl structures.

Finally, the process ability ww defects in a composite matenal depenid strongly an the
physical and chemical chamctlerization such as viscosily, melting point and curing
temperatures of the matnix.

The primary consideration in the sclection of 2 mairix on is ils basic mechanical properties.
For high performance composiles Lhe most desirmble mechanical properties of a matrix arc-
1) High lensile modules, which infloenees the compressive strength  of he
composile.

2) High fracture (oughness, which controls ply delammatng and crack  growih.
For polymeric matrix composite, here may be other considerations such as good
dimcnsional stability at elevaled temperalures and insistence (o absorb moisture and

solvents. The former usually means lhat the polymer must have high glass transiuon
lemperature. In practice, Lhe glass lransition temperature should be higher than the
maximum use lemperature. Resistance o absorb moisture and solvent mcans thal the
polymer should not dissolve, swell, crack, or other wise degrade in hot fwel enviconmenls or
when exposed lo selvents.

Traditionally, thermo set polymers (also called resin) have been used as a matrix
mater for Aber reinforced composites. Slarting malenals used in the polymerizaton of
thermo
set polymers are usually low molecular weight liuid chemical wilh very low viscosity.
Fibers are cilher pulled through or immersed in the chemicals before the polymerizauon
reaction beyins. Since the viscosity of the polymer at the time of fiber incorporation is very
low, it is possible to achieve & good wet-oul between lhe fibers and the malnx without the aid
of high temperature or pressure. Among other advaniages of using thermo sct polymers arc
their thermal stability and chemical resistance. ‘They also exhibit much less creep and stress
relmation then thermo plastic polymers. The disadvantages are their Limiled storage lifc
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{beiore the {inal shape is molded) al room winperalire, long labricalion Gme in the mold and

low sirain o flure, which also contribules to Lheir Tow impact strengths.

The composile material conlams a matrix and fibers. Polymer used may be I'VC, PP, PE,
2.3.1. Broad Classification of composite materials

1) Natural composite

Wouxl, bone, bambeo, sawdust, muscle Nabural composile and other tissue matcrials.

2) Micro composite materinls: Metallic alloys ¢. g steels, ongued thermo plastic, e.g.
impact polystyrene, ABS. Shect molding components Reinforeed thennoplastics.

3) Macro composiles

(Engincering products)

Galvanized stecl, Reinlorceed beams, Helicopter blades Skis. A more relevant classification
concemed wilh micro campesite based on size, shape angd disinbution of the two/ more
phases in Lhe composite can be made. Classification of micro composile malerials

1) Conlinuous fibers in matrix aligned, random

2) Shor fibers in matrix- aligned, random.

3} Particulates (spheres plate, ellipsoids, imegular in matrix).

4) Dispersion strengthened as for tree above, with paricle size<10* m.

5) Lamellor stnuctures.

6) Skelelal or interpenelrating Retworks.

7y Multi component, fiber, particles ete. According io the aomposile commitice of
German socicty for Metallurgy the following groups comprise the composile malcrials.

4) Fiber composite: Refractory whisker or polycrystalling fiber are imbedded into a maltrix
for improvement of mechanical properties.
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5) Laminated composites: Metallic {oils and {oil like structures respectively, as well
as thin nbbuns are imbedded inle a matrix, or the composile is built up from layers of
vunoeus malerials or by layers made of laminales (1, e. foil, ribbons, sheet etc) and the
malrix,

6) Material with surface layers- In contrust to the ideal maierals (hese Jayers are very
thin, They are applied by different methods and include points. The layer (hickness ranges
from a few mm o 100m. They serve for comosion and oxidation protections and
improvement of wear, and impact other physical properiics (0 the maierial surface.

7} Particle compasite: “This proup encompasses a wide rmnge of materials. 1 inclodes for
instance  the embedding of ponmetallic inorganic particles for improvement of mechanical
properties of  matters (Dispersion hardened mctals) and also malerials which consists of
non-melallic binder phase (hard metals)

[
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2-3.2. Manufacturing routes for fiber Reinforeed plastic products |27
Dillerent types of composite material based on plastic manufacturing process are-Bag
molding process, Resin Sheet Molding Compound (SMC) Process, Compression molding,
Resin transfer inolding (RTM), and Vacuum Assisted resin Transter Moldiag (VARTM)
efc.
Some descriplions of munulacturing of PMC are given in the following table
manufacinnng roulcs : Outline of labrication and processing methods.

1} Hand lay-up : Chopped stand mats, woven moving and other fabrics

made form. The fibers are plagued on the mould and
impregnaled with fusion by painting and rolling, Layers are built up until design tnckness
is achieved. Molding cures without heat or pressure.
2} Spray up : Chopped roving and resin sprayed simultansousty
into prepares preparcd mould and rolled before Lhe

Resin cures.
3} Vacuum bag, : Layers of fiber usually unidirectional sheets are pre
pressure bag, impregnated with resin and padially cured o form a

pre- peg. ‘The pre-peg sheets are stacked or the mould
surfaces in predetennine onentation, covered with a
lNexible bag, and consclidated using a vacuum or press
bag in and autoclave at (he required using temperature,
4] Filamenl wondering : Continuous roving or stands of fibers are feel over
rollers and guides through a bath of ressin and then wortd, using a program controlied
machine, inlo a mandrel at predetermined angles. The resin in partially or completcly
cured before removing the component, usually a tube fom the mandrel.,
3) Cenirnifugal castings : Mixtures of fiber and resin are inlroduced into a
Rotating mould and allowed to cure in a siie,

&) Hot press molding » Healed malched dics or Llools arc loaded with raw
Material (sheet molding compound SMC, dough
Molding cownpound DMC, cloth or
Unidireciional Pre-peg) pressed to the shape of ihe

cavily and cured.,
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T Injection molding
Transicr melding

$) Pultrusion

9 Cold Press Moldng

10) Resin injection

11) Reinforced reaction in
involving o compounds
injeclion molding

- Molten or plaslicieed polymet mixed with shorl

{ibers is infction, usually at high pressure, info the
cavity of a split would and allowedl (o soldify or
cUring.

. A conlipuous feed olficers, in pre- sclected
orientations is impregnated with resin angd poured
Through a heated die io give the shape of the Ao
Scclion (¢.g- tubes or 1-beam) partial or complete
(*ure oceurs during passage through the dic.

. A Jow pressure and low temperalure in winch
fibers are impregnated wilh resin and then pressed
bet” matched dies. Head is penerated
during the cure. -

- Kibers in cloth [orm are placed in the ool, winch
is injection at low pressure into the cavity and
flows through the to Gbers to filk te mould space. :
Which are mixed immediately before jection is
used. Fibers are either placed in the closed mould
before resin is injected or added as short fihcrs o
one of the resin comnponents to form shury before

jnjeclion.
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2.33. Reinforced Plastics

Reinforced plastics, alse called polymer composiltes, are now imporant clucs of
engincering malerials. They are distinguished by attractive mechanical properties and
corrousion resistance unigue Mexibility in design capabilities and case of fabrication.
The word “"composile” means, "consisting of two or more dislinct parts.” Polymer
composites consist of one or more discontinuous phases cimbedded in a continuous
phage polymer malrix,

‘The discontinuous phase is usually hander and stronger than the continuous phase, and
is called the reinforcement. The matrix can be classified as lhermoplastic (capable of
being separalcly hardened and soflencd by increese and decreases, respectively, in
temperature} or thermo set {changing into a subslantially infusible an insoluble
material when cured by the application of heat, or through chemical means).

The properties of composites are strongly influenced by the propedies of their
constiluents and the distribution and interactions among them, The constituenls
usually intcract in a synergistic way, providing propertics hat are not accounted for
by a simple volume fraction sum of the components. Along with the volume fraction
and the distribution of diserete units in the discontinuous phase, the interfacial area
plays an imporiant role in determining the exlemt of interaclion between the
reinforcement and the matrix and in this way - the final properties, is dominated by
the chemistry and theology of the matrix resin and by the type and physical form of
the reinforcement. .

The use of reinforcing agent makes it possible for any thermo set- or thermoplastics
matrix properly w be improved or changed w mect varying requirement, Most
polymer composites developed thus far have been fabrication w0 improve mechanical
properiies such es strengih, stiffness, or loughness. The sirengthening cfiicient of the
discontinuous phase play the most imporant role in these product and the
sirengthening mechanism depends strongly on the gecmelry of the reinforeements.
Theretore, polymer composition can be classified according to reinforcement

geometry,
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7.4 Mechanical Properties of Compoesites

2.4.1 Deformation

when an engineering nualerial (as composile) is subjected to forees, such as those
typically imposed by service loads, its aloms may be displaced from their equilibrium
positions. Any displaccment from the position or separation resulls in an energy
increase. This requires work, wilh is supplicd by ihe forces creating the displacement.
Thus it is clear that tis premise holds whether the materiul is sirelehed, causing the
atoms Lo separale, thus bringimg attractive lorces into play, or compressed, bringing
{he atoms closer together and causing repulsion.

2.4.2 Elastic deformation

The displacement of atoms from their ¢quilibrium positions conslitutes deformation.
Such deformation is termed elastic if Ihe atoms can resume their equilibrium positions
whert the imposed lorces are released. Elastic deformation then is recoverable and
indicates the rclative resilience of a material, For example, a rubber band can be
stretched quite far yet snap back to its original dimensions upon Deing released. A
slightly differcnt manner of stating this concept of elasticity is thal it is the properly of
a material 10 return to ils initial form and dimension afler the deforming force 1s
removed.

The process of elastic deformation is presented schematically in the [igare. Ifere the
atoms are repented as “hard” spheres on 2 lattice, when no forces are applied, the
assume equilibrium separation {a). A relatively small tensile foree tlends to pull the
atoms aparl producing elastic deformation (o ). Their separalion is now shightly larger
than 8p. However, when the force is released, the atoms resume Lheir equilibrivm
positicns and no deformation or displacement remains. The matcrial is restored Lo ils
mitial condition.

2.4.3 Plastic deformation

If the engineering matcrial undergoes deformation, which cxceeds the clastic
capability (clastic limil) to restore the atoms Lo (heir cyuilibrivm posilions, the
deformation is permanent and termed plastic, IMastic deformation is non-recoverable
and lcaves the atoms permancnily displaced from their ariginal positions where the
forces are rcleased. Deformation of malerials may be entirely clastic, or elastic plus
plastic. The total defarmation may then cansist of the combincd elastic and plastic

porticon.
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Plastic deformation of engingering materials is permanent in that work or encrgy must
he supplied to restore the atoms 1o their original equilibrium positions. For inslance,
the ellect of this type of deformation can be alleviated by thermal trestments, when

fnecessary.

2.4.4Engineering struin:

We have just briclly examined the response of atams (o deformation by mechanical
forees. It this concept of atomic displaccment is cxiended to bulk engineering
materials, we can define the deformation in terms of the ariginal dimcnsions ol the

material under consideration in olher wutds,

=

F

¥

Ly

— | —

|4 1 E I

ljlu"'ﬂ‘.l ‘

Figure 2.2 Deformalion of'a bar produced by axial load

ratio of the dimensional change to the original dimension. For example, consider a
bar of Length (i) as shown in the ligure. Under the action of an applicd Joad {p) this
bar expetiences deformation | 28] and elongates to @ new length (Ir). The ratio of this
change in length to the original length (to) is Lhe “average linsar strain” (e} and can be

expressed as follows:

qt .1

= ——=

i

‘[his quantity is referrcd to as the average lincar 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 remitiers constant, the bar diameter does
decrecs slightly, resulling 'n a decrcase in the cross — sectional area, but for small
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strains this response in usually in significant. Average strain {g) is commonly relcrred
to s the engineering strain and expressed in uniis of irdin or mm/mn. However, stem

may also be treated us a dimensionless quantily boeause these units cancel.

2.4.5 True straia

Sincc u material undergoing deformation is continuously changing ils dimension {1.&.
lengih and widlh ot diameler), @ inore precisc definition of strain is piven by the ratio
of the change in dimension to the instantancous dimension [29]. In the caxc ol round
bar, (his may be viewed as the change in length (d1) with respect Lo the instanlaneous
length (1) at any point in the process. This ratio is actually the true strain (L2 and i3

expressed as follows.

A morc specific expression for It is obtainct by placing some limits on the above
equation. For example, if the initial length is to and the fnal length is t. we can
integralc this cquation as Sollows.
{
L di
1
0
{
fn{] If
= o
:(ln;’f]-{ln!u)
L
L
The engineering strain (&) is related 1o the true strain and this relationship can be
demonstrated as follows.
_ I_,I" "'I”
!

47
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f
or, 4 _e=l

Then substituting these results we oblain

E=In{et+l)

2.4.6 Shear strain

In addition to linear strair, an engingering maleria) can experience Jhear strain (¥ b
this type of strain is Jue to the displacement of paraliel piancs through a ccriain angle
(G as shown in the figad.5 The chear strain is therefore Jelined as (he rau ol the

displacement {x) lo the distancc {h) betwecn the plancs, gxpressed as follows: ¥

1l

=

,__.\x,*____

Fig 2.3 Shear displacement on parallc plangs of & solid matcrial

2.A4.7. Stress
‘Glress’ is the result of the inlernal response that a malerial exhibits when forces arc

imposed on it. To simplify matters at this poini, we will assume that the forces acls
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2.4.7. Stress

*Stress’ is the resull of the intemal Tesponse that a material exhibits when [orees arce
impesed on it. To simplify matiers at this point, we will assume that the [orces acts
uniformly over a cerlain arca, Then we can state that the internal espouse, the slress, is
a force per unit arca.

Consider the load (P} applied to the cylindrical bar in Tigure. The bar remains intact,
indicator thal the external foree is balanced internally by a response of the malerial, It
we seclion his bar at any particular Jocation (normal o the axis of the applied load) p
must be opposed by Lhe siress [28] produced in cach clemcntal area. It these
increment of area become smaller and smaller in e limit-

P=gadA

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

the summa of stress over the cnbire ares may be expressed a follows:

A
P=c | dA
0
Qr,P=0gA

Therefore, the stress can be expressed us —

G’z

r

A

Where, o = averape slress
P = load or force

A = cross sectional area over which the foree act.

Stress is commonly denoted in units Ibfm’, or in international unils (S1) ol Pascal (Pa),
Since the Pascal is a rather small value of stress, it is customary to exprcss stress
values in mega Pascal (M Pa), where the prefix M stands for 10°,

2.4.8 Engineering stress

A common application of the stress concept is termed (he engincering stress. This
particular expréssion, which is used in many design calculations and analyzes is given

29
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Irollows:

P
0= =
Aﬂ

The only modification to cur basic stress equation is Ag, which represents the original
area; therefore, engineering stress Lreals <ross sectional arca as a constant. Although
this is not completely accurate, for elastic striations in the loading direction the
corresponding changes in cross sectional area are gencrally small. Furthermore, most
design and structures are based on service conditions in the structures, arc based on
service conditions in (he clastic range, thus the enginecring stress is very uselul

parameter,

2.4.9 True stress

The concept of engincering siress (reuts the area under consideration as a constant
(Ag).In reality, however, the area does not remain constant and in the case of am
axially loaded lensile bar , gradunlly decrcases as the stress (and corresponding
manifeslation of Poisson’s ratio cffect.

The true stress therefore can be expressed ag follows:

i

Guz_

A

:

Where A; is the actual instantancous arez over which the foree is acting, Ordinarily,
the true stress in larger than the cngineering stress. However, in the elastic region,
change in area is usually inconsequential and the e.nginecriné stress in sufficiently
accurale. When Lhe clastic limid is excecded and plastic strain come into play the di

The Lrue stress is (o) is related to the engincering stress (28) in the following manner.

P oA,

Oy= = —

AJ Au
P A A
4, 4 4

In (his type of analysis the volume of matrun is constant (even thought the dimensions
may change). Therefore the following relationships also applied.
Initial velume {Vy) = instanlaneous volume (¥}
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VDEV|

or, F’L.;.]n= ﬂ,li
oo Ao I
A e

)

Substituling above gives us —

e = J_L'

!

L]
But from the seclion on slrain, since  is any instant in time it is equivalent W 1r, we

can substitule for L/, as follows:
Oy = (ﬂ + l}
Thus, the Lrue stress equals the cngineering stress {imes 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 limil, siress is proportional 16
sirain as follows:
g=ELe

In order to anulyze the stress strain behavior of a composile will consider a simple
situation where a matrix containing continuous cylindrical fibers is deformed in
direction pratile to the Jong axis of the fiber, as illustraicd in the following. If we can
assume lhat no slippage occurs at the interface between the libers and matnx, the
clongation is the same in both phases. There fore, the enpineenng strain in the

composite may be expressed as-

Lc=er=en=Al/la

Wherc,
¢ = Strain of fiber

¢ = Strain of matrix
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Furher more, when these strain are clastic the enginecring stress in the respeclive

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

o= E-r. Cr

= Bin. €

Where

o = Stress of Niber

Ty, = stress of malrix

Er= elastic constant of fiber

Fm = clastic constant of matrix
In most cases, Lhe modulus of the fiber is grealer than that of the matrix, buy design
thus, for a given strain the stress in the fiber is greater than the matrix stress. Although
this is a bray-simplified analysis it serves to illustrate the extremely important concept
fiber reinforcemeni. Generally, the [ibers are more lighly stressed than the matrix
when a load is applied to the composile. The mechanism permits trnsler of the stress
from the matrix to the reinforcing phasc. As a result, the composile can sustain greater
stress them the un-reinforced matrix mailerial. This concept of utilizing the advantapes
of one material such as high modulus or high strength, in conjugation with the
advanlages of another, such as low density of corrosion resisiance, 15 the very essence

of composile material.

2.4.11. Elastic modulus

The elastic modulus (E} is a measure of the stilfness of an cngincering material.

Examination reveals Lhat for & given stress; greater values of [ result in smaller clastic
strains, meaning that the hiéhcr the elastic modulus, the smaller elastic strains,
meaning that the higher he elastic modulus, Ui¢ smaller the response of the siructure
1o a parlicular stress, this parameter is important for design and amylases purpose,
especially in computing the allowable displacements and deflections of engineering

componenis or structure.
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Although the modulus of elasticity Is a structure inscnsitive property, it is intended by
temperature. As lemperature i3 increased F decreases, therehy reducing the stiffens of
o material. This reduction in clastic behavior is due to an inverse relationship between
the modulus and (he intcr-alomic of imor-ionic distance in mctals and ceramics

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



2 5 Elcttrical Conduction Mechanism

Iniroduction

This chapler begins wilh a brief discussion of the existing thcories on the de electrical
conduction mechanisms, which arc followed by descriptions ol Lhe experimental
lechniques used in the imeasurements ol J-V characteristics and thermally activaled of
currenl density of different samples, are discussed on the basis of he diflerent
existing theories on dc electrical conduclion mechanisms.

2 .5.1. Theorics on DC electrical conduction mechanism

Polymerization of organic compounds by glow discharge {echnique bas been known for
pbout three decades and used for producing polymer thin lilms. Because of their high
resistivity, these materials have found important applications as insulators arc
capacilors in integrated microelectronics, passivation layers for integrated circuit, eic. is the
de electrical conduction in plasma-polymerized materials, the carriers may gilher be
eloctronic of ionic in nature and conduction is considered through the film, rather along the
plane of the [ilm. The low field properties, which are usually ohmic in nature bul the
high field electrical properties cannot be described by a single conducti-process.
Usually various field swength ranges manifest different clectrical conduction
mechanisms. The charge camiets may be electrons, holes, ions, or polarons.
Discussion of the four ways are given below [31, 32]

a) Band Conduction: Thermally activated 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 thermalily activaied over the reduced thermal excilation
into the conduction band from trapping levels in the dielectric.

b) Tunneling Process: The tunneling of elecirons may take place from metal cathode
inlo the conduclion band from trapping levels in the diclectric directly between the
vajence band and the conduction band from the valence band directly into the meial
electrode .

¢) Impurity Conduction: In this process electrons hop from onc trapping (impurity

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

d) Space Charpe Effects: In somc cases charge injection into (hc conduction band,
rupneling or impurity conduction may result in a build up of space charge within the

bulk material, which sets a limit on the charge transpor. When the injecled carrier
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density is greater than the free carrier densily, cumment becomes space-charge-limited.
In general, if the carrier generation process iz slower than iranspori of the carrier:
through a dielsclric, the conduction is controlled cither by Schotiky or PF mechanism

At reasonable applied fields there will nonmally be a sufTicient supply of carricr {33]

available to entcr the insulator from the cathode(negatively biased clectrode) H
replenish the carmiers drawn out of the bulk of the insulaior. Under these condilions the J-
V characterstics of the sample will be determined by the bulk properiies of -insulalor,
(his conduction process is thus referred Lo s bulk-timited. Al high felds, or A the contact
is blocking, the current capable of being supplied by the cathode o lie insulator will
be less than (hat capable of being carried in the bulk of the insulator. Under thesc
conditions the J-¥ characteristics of the sample will be controlied primarily by conditions
existing at the cathode-insulator interface; Lhis conduction process refermed Lo as being
emission-Jimited or contact-limited.

A power law can express the variation of current density with voltage in a malaai
generally:
Joc
where, n | s a power Factor. When n is unity, the conduction is ohmic. If the value ol n is

less or more Lhan unity, then the conduction process is other than olumic.

Direct current resistivity af responsible applied fields there will normally be a suflicient
supply of carriers available lo enter the insulator, From the J-¥ characicristics of a
sample, it could be understand the conduction process by the bulk properties of the
insulator, bulk limiled or conlact limited.

Electrical conduction is the transport of charge carriers through a medium under the
influence of an electrical igld. The electrical conductivity is oblained by measuring the

carrent Aowing through a piece of the malerials and using e sample dimensions to
calculate [33] from the equalion.

T (WAVIL v eeernsnees v neemissssns s (2)

Where d (m) is the sample thickness, A ils area (m%), and V the potential across the
material in volis.

The usual type of electrical measurement has involved measuring the current as a
fanclion of potential, tempersture and in some cases ambient altmosphere. The

conductivity and ils changes with vollage, ambient atmosphere and ternperature are then
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relaled to the physicl processes (hrough W be sceording in the material. Frequently, it is
found that the conductivity varics exponentially with lemperatune T(¥) according to Lhe
equalion

F=cfgexp ( L“,,fkl){'n
Where k is the Bolizmann constant and E; is the activabon energy.
The resistivity is the reciprocal of conductivity.
2.5.2. Thermally activated conduction processes
(a} Electronic conduction
The band (heory of solids has been applied to understand the electrical behavior
polymers. An imporlant feature of the band syslem is that clectrons are delocalized
spread over the latlice. Some delocalization is expecied when an atomic orbilal or
alom overlaps oppreciably with those of more than one of its meighbors.[34,35]In
polymer systcm, the conduclivity is influenced by the faclors such as dopani level,
morphology of pelymer, concenlration of conducting specics, lempetature, £1¢.
(b) lonic ¢conduction
In bulk material ionic conduction oceurs due lo the drift of defect under the influence
of an applicd electrical field. The degrees of ionic impurilies (hat may be tolally
ignored in Lhc context of other properlics may have a significunt ellcct on
conductivity. A theoretical exprcssion may be derived for the current deasity,
J=sin h{easzij(-ﬁl-)
Where E is (he electric ficld and a is the distance between neighbering potential wells,

c=eleclronic 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 lo describe analytical experimenlal
techniques, which are used to investigate the behavior of a sample as a function of
temperature. On heat-treatment otganic or inorganic polymers may undergo structural
physical and chemical chenges due to dehydration, phase transition, molecular
reorientation, destruction of crystalline, oxidation and decomposition, incorporation
some functional groups, ete. A systemic investigation of the thermal behavior
polymers in air, vacuum of inn inerl atmosphere provides information aboul the naturc the
changes a lakes place in polymers, Such changes can convenicntly be understood
employing DTA and TGA [36]

The technique of DTA is an important tool to study the structural and phasc changes
oceurring both in solid and in liquid materials during heat treatment. These changes
may be due to dehydraiion, transition from one crystalline form to anaiher, destruction
of ¢ryslalline structure, melting, oxidation, decomposition, degradation temperatures
ctc. DTA is a process of accurately measuring Lhe difference in the lemperature between
a thermocouple embedded to a sample and a thermocouple in a standard inert material
such as aluminum oxide while both are being heated at a uniform rate.

The principle of DTA consists of measuring heat changes ussocialed with the sisal or
chemical changes occurring when any substancc is gradually heated, The thermocouple
(platinum-platinum chodium 13%) for DTA is incorporated at the cnd of the of the
balance beam ceramic tubes, and the temperaturs differcnce between Lhe holder on the
somple 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 temperalures appeats because ef the phase transitions or
chemical reactions in the sample involving the evolution of heat and is known as

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

exothermic and endothermic reactions are generally shown in the DTA traces as
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positive ond negative devintions respectively from a base line, So, DTA offers a
continuous thermal record of reactions in a sumple, The areas under the bands or peaks

of DTA spectra are proportional 1o the amount of heat absorbs or evolved from the
sample under investipation, where temperature and sample dependent thermal resistance

are the proporionality factors. Thus DTA is needed primasily for the measurement of

transition tempersre.

Fig 2 4 Principle of DTA measurcment
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16.2

Thermogrevimetric

Analysis

The TGA is a special brmch of thermal enalysis, which examines the mass change of a
semple es 8 funetion of tempermture in the scanning mode or a3 a function of Lime in the
isothermal mode, Not all thermal events bring about a chenge in the mass of the
sample{for example melting, crystallization or glass transition), but there are some very
imporimt exceptions which nclude absorption, sublimation, vaporizotion, oxidation,
reduction and decomposition. The TGA is used to charecierize the decomposition and
therme! s1sbility of materials under a veriety of conditions, and w examine the kinctics

of the physico-chemical pmocesses occurring in the sample. Sample wright chenges ere

measured as described betow in Fig.

Figure shows thc sample balance beam and reference balance beam
independently supporied by a driving coil/pivot. When o weight change occurs at
beam end, the movement is conveyed w0 the opposite end of the beam via the driving
coilipivot, when optical position sensors detect changes in the position of & sht.
signal from the optical position sensor is sent to the balance circuit. batance cirguit
supplies sufficient feedback currem o the driving coil so that the slit is to the balance
position, The current running lo the dnving coils on the sample pnd The current

running to the driving coil on the reference side is detected and convened into weight

signals. Fig 4.7 Principal of TGA measurement.

1.5 Differentizl Thermal Analysis-Differontial form of thermogmvimetne is defined
DTG,
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Sample Preparation

1.1.1 Raw Materials; The chicl raw materiaks used [or the sample preparation are Poly
viny! Chloride {PVC) and Sawdust. PVC is collected from local market. Sawdusl were
collected from sawmill.

Sawdust of Garjan wood

Scientific name of Garjan -Diptercearpus turbinatus.

Table 1 shows the size distribution of collecled sawdust. From the sawdusl two groups
having two size 1) 1mm-500pm and 2} 500 pm-125 pm are separated lor
experinenlation. The chemical composition of siz¢ was performed according to the
TAPPI standard method Table show chemical composition of sawdust.

Table 1 Sicve Analysis of Sawdust Conioons YR
SaWduﬂt :"—"tmmlnl%\

<A=2mim 237

<Z>lmin 2.23 Lignin 25.7

<}=>500mic 48 04

=500>250mic 1407 _

250212 5mic 1112 Hemi cellulose 221
<]25=03mic 152

<f3=45mic 497 ‘

<45>Tan 576 Alpha celiulose 42.4

L

Equipments: Several equipments were bused in the fabrication of polymeric matrix
composile. The main equipments are as foliows:

1. Paul OttoWeber-Press

2. Houns[eld test equipment

3. Oven
4. Blender
5. Sicve shaker
P/O/Wcher Press
The compression - molding process is very widely used to produce articles from
polymer materials. Above picture shows a lypical mold employed for COMpression
molding. The mold is made of two halves- \he upper and Lhe lower halves ot the male
audlltlw fernale. 1n most cases, the lower half conlains a cavity when the mold is closed.
The gap between the projected upper half and the cavity in the lower one gives the

shape of the molded article.[n this reszarch work, we worked wilh a Lype of mold which
=51 -
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have the upper end lower halves but have no cavity in any half in the mold. These two
halves are completely plane with smooth surface platens which also acts es heater and
cooler smnultaneously. In this of molding process cne have o make die for casting with his
desired size, We made a die, which has a ring of inside diameter 146 mm and cutside
diameter 158 mm, and have two disc (or plates) on each side, each of 7.5 mm in thickness.
In compression molding, the polymenc materels and sawdust are subjected to heat and
pressure in a single stoke, This is accomplished by using a hydreulic press with healed
plants. Molding time can be as high as 120°c and mitial pressure SO0KN heating pressure
100KN. The actual tme end pressure depends on the theological, thermal, and other
properties of the plastic and sawdust s, b be molded. The composite are placed inw the die s
s o fill the die As the mold closes down under pressure, the composite is squeezed or
compressed between the two halves end competed io shape inside the die. Under the

influsnce of heat, the compacted mass pet cured and hardened o shape. Afler completion of
healing the mold is allowed to cold down. When cooling is compleled the cold mold i
taken remolded by hand or any sunable device. The followmpg photograph shows the Paul-
Otto Weber Press

Fig. 3.1 shows the Paul-Ctioc Weber Press.
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3.2 Sample Preparation Procedure:

The samples were prepared in Lhe foliowing stcps-

3.2.1 Sawdust separation

Table 1 shows the size distribution of colleeled saw dust. From the sawdust lwo groups
having size i) 1 mm-500 umand ii } 300 um -125um are separaicd for cxperimentation.
To get sized sawdust by sieve analyzer, shows the size distribution of collected saw dusL
From the sawdust two group having size i) | mm-500 micron and ii } 500-125micron are
separated for experimentation, Sicving 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 nol done homogencously, the quality of the products oblained will be very poor. So
more the homogeneously mixed raw malerials, motc improved properties of the products
will we get Lo gel homogeneous mixing we used a blender where blending was done for
threa minutes al 400rpm for cach specimen.

3.2.3. Casting

Special molding device is made by steel o very close tolerance for the molding process.
The mixlure of sawdust and matrix is cast by simply pouring the mixture into the mikd
and leveling it 1o the desired thickness. Only slight stamping or hammering on the mold
is required for sulficient compaction

3.2.5. Curing and controlling

On pouring the fiber or matrix mixture into Lhe special molding device, sufficient
pressure of 50-100 kN is applied to get the desired shape and possible homogeneity. The
applied pressure is measurcd by using a pressure gauge, set in the device. Heating is done
electrir:lal ly and the temperature set at 120° C. Only 1.43 minutes is required to reach the
temperature. The temperature was kept for 30 min. Adter completion of healing the initial
pressure was set zero and an additional pressure of S0KN was applied to avoid the kind of

voids and to have a Lhickness, This additionat pressure was kepl for one hour.
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3.2.6. Cooling and de molding

Cooling is cssential throughout the curing operation. Cooling was donc by lap waler
through the outer area of the heating platcs of the hydraulic press machine, Cooling time
is required for 15 minutes. When the specimen is inade by the Weber Pressure hydraulic
press the specimen is removed by a sel up device which is made as a makeshift device.
Alcr the cooling the specimen adheres very strongly and so that we can nol scparate it
from the mold. So for the de molding a device is necessary which we made as a

rmakeshift.

110 mym

N

25
g.-'/ i Z5mm
L ] | ]
Fromt View
Flgure 3.2.4 Diffarent views of the tensile test speacimen
118§
Front View
Side View

Figure 3.2.5 Diffarant views of flexural test speciman
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Tesling
3.4, Bulk densily: Bulk density specimen was prepared according to the ASTM C-
134

D= WY

Where. D= Density of the specimen, Kg/m® W, = Weigit of the
specimen, Kg, and V = Volume of the specimen, m’.

In this way the density of each sample is
measured [40]

3.5. Mechanical Testing

3.5.1. Universs! testing machine (UTM): Hounsfield UTM 10KN (H10KS) waa
used for test of tensile, fiexural strength, compression shear and other mechanicat &nd
physical properiics of meterials. The following photograph shows the machine.

HOUNSFIELD

Fig.3.4 shows the Universal testing machine.
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3.5.2. Electric Balance (HP200): The electncal balance used for measurement
weight of the sample. The balance is scnsitive and il can measure 1/1600 gm

acourately.
3.5.3. Testing method:

a} Tensile Strength (i):
Tensile specimen was prepared according o ASTM Method

The test speed was | mm/min.
Tensile Strenglth=Applied Joad of the load bearing area/Cross scelional area

6=P/A
=P/ A KN/mm*
=10°P/AN/mm”
=10°P/A N0 m?
=10°P/A.M Pa

b} Energy calculation [43]
The tolal energy absorbed by a specimen is calculated by caleulating the area under

the load vs. displacement curve of that specimen, and Lhe arca under the curve is
calculaied by using the trapezoidal methed.

We know, the area of a trapezoidal = width X average length

Considered (his example: following is a tensile load Vs. displacement curve of a
specimen. Now, considered our tarpet is to calculate the area under 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, cach scpment will consider as a lrapezoid.

Let's, consider a segment where X values are from 0.02 to .05 mm and
comesponding Y values becomes 240N and 402N respeclively.
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That is X;= 0.02mm
X;=0.05mm
And, Y,=240N
Y,=402N

50 the with of the defined rapezoid is= {XXz)
= (0L05-0.02) mm
= .03m

And the averoge height = (yl-+ys )2
= {240H402)2N =321 N

So, he arca of the trapesoid will be = width x average heighl

= (X,-X2) X (yity¥2 = (0.03 x 321) N-mm = 9.63 Now, lo calculalc the cnergy
absorbed per m” we need Lo divide the obtained result by the ¢ross seclional arca of
Lthe specimen, Let, the cross scctional arca of the specimen is =32mm so, the energy
per m® will be = (9.63/32) KI/m?®

= 0.3009 KJ/m” similarly the area under the scgments can be calculated and then by
summing up all the values of Lhese scgments the total area under the curve can (be
obiained. Thus, the total energy absorbed will be =8 (areu of trapezoids)

¢) Tensile strain

Tensile sirain is caleulated according to ASTM D-638M-91a.

Tensile strain =Extersion 25

d) Flexural 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
spced was luken as 2.6 mm/min, The strength may be calculated for any peint of the
load defleclion by means of the following equation-

S =3pL2bp’

Where,

8 = stress in the ouler fibers at mid span, M Ta,

I’ = load at a given point on Lhe load — delicction curve, N

L = support span, mm, B = widih of specimen tested, mm, T} = depth of tested

specimen, mm.
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¢} Flexural Struin; Flexural specimen was prepared according 1o ASTM D&M, 3
point loading. Nominal froction change in the length of an element of the ouler
surface of the test specimen, where the maximum strain oceurs. It may can be
caleulaled for any deflection using the following equation,

Sr=6Dd/1.2
Where, & =Main strain iz the ouler surfaee, mm/mm.

D= Maximum defleclion of the center of the beani, mm

d=Deplh, mm.

(I} Tangent Modulus of Elasticity-
The tangent modulus of elasticity often called the modus of elasticity is 1he ratio,
within the elastic limit of stress to comespending strain. It is calculated by drawing
slope of the tangent to the iuitial straight line portion of (he load deflection curve by
gqualion...,,.
Ep= L m/4bd’ where, Eg=modulus of elasticily in banding
L= Support span
b= Width of beamn tested
d

m= Slope of the tangent to the initial straightl line
portion of Lhe [owl deflection curve.

f

depth of beam tesied
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3. 6, Thermal Testing

3.6.1 Thermal Analysis

Thenmal analysis includes a group of techniques where some physical property of the sample is
monilored under controlicd conditions with variation of temperatun: &t a program rate. When the
mass change is monitored the resolts, which indicales chemical reactions, are called Thermo
gravimetric (TG). When heat absorpion is manitorexd, the result indicate crystallization, phase
change cte. as well as reactions, This is called Dilferential analysis (DTA). Together, they are a
powerful method of analysis.

31.62. TG/ DTG Analysis

The TG/DTA modules use a horizontal differential syslem balance mechamism. 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 oceurs at the beam end, the movement is
conveyed Lo the opposite end of the beam via the driving coil/pivol, when he optical
position sensors deteet changes in the pusition of a slit .The sigral from the optical
posilion sensor is sent to (e balance circuil The balance circuit supplies sufficient
feedhack current to the driving coil so that the slit return o the balance posilion. The
current running to the driving coil on Lhe reference side and the curren! W the driving coil an
the reference side is delected and converted into weight signals, Differemtial form of thermo
gravimetric is defined DTG.

DTA Analysis

The thermocouple lor DTA measurement is incorporaled in the end of each of Lhe
balance beam ceramic tubes, and the lemperature difference between the holder on the
sample side and the holder on the reference side is detecled. The signal is amplified and
bocomes the temperature diflerence signal used 1o measure the thermal change of the
sample
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Fig:60 Photogriph shows the DC measurement sctup
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3.7 D.C. Electrical Properiies of composite

2.7.1. Introduction: The 12.C. measurement sel up is shown in hig- For D.C. clectrical
measurement of composite, clectroding, Keithly 614 clectrometer, DnC. power supply,
specimen chamber and heating coil are used. A briel descriplion of these instraments
is given below.

3.7.2. lnstrument used in Electrical measurement

The following equipment was used for D.C. measurement.

a)Keithiey 614 clectrometer: A Digital Keilh ley 614 clectrometer {modei 614,
Keithly instrument Inc. Cleveland, Ohio, USA) was used for de current measurcment.
It can measurc a wide range of D.C. vollage, currents, resistance range of Lhis model
is from 1 ohm to 2*10" ohm using the conslant currenl range as Jow as 100 AL
Vollage range is 10 uvto 20 ¥ wilh an inpul impedance of greater than 5* 10 ohm.
h)D.C. Power supply: A regulated D.C. power supply (Model Agilent 6545 A} was
used

for electrical measurements. This unil is capable of supplying voitage. D. C. from 0 to
120 v wilh a current range 0 to 1.5 A. The input vollage of this unit is 220 v a. €.

¢)0il Rotary Pump: An oil rolary pump was Lo evacuale (he specimen chamber. A
pressure of about 10"2(orr can be attained using this pump

d)Specimen Chamber: Specimen chamber shown in fig 4.1 is designed and
[abricated in ihe laboratory with (he help of university workshop. This umt is
basically consists of two main paris, mainly (he staipless sicel tube and (he sample
holder.

A stoinless steel tube having inner diametcr of 045m and length 0.24 m is used. The
lower end of the tabe is closed by welding a circular piece of slainless steel sheel. At the
{op of the tabe one (lat stainless steel sheet (.ﬂ'ﬂx,ﬂgmz) with a circular hole (diameler
045 m)al its centre is welded. Another stainless steel (same as above) with a hole of the
carme dimension is welded Lo a stainless steel sheets. ‘This prevents the air lcakage when
it i3 evacuated. The upper portion can be fixed to the lower portion by screws. The lop
opening is closed tightly with a Tellon stopper. A Lhick layer of mica sheels placed on Lo
{he inside wall and bottom of the stainiess shest tube for clectrical insulation. The
distance bet” the lead is about .014 m. This is a side ube welded 10 (he slainless sieel
tube which acts as an outiet of (he chamber. A rolary vacuum pump is connected 1o he
chamber through the side tube with the help of the rubber tube, By this pump a pressure
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of aboul can be obtained. 12eguired lemperature in the chamber can be maintained by a

healing lapc which is wrapped oulside he sieel lube and ils temperature is controlied by

available transformer.

c)Heating tape: A heating tape was wsed to heal the specimen chamber. It is about 1.75

m long and 03 m width lape and having Lhe resistance of 15 ohm/m, It can be wrapped

around lhe specimen chamber easily.

f) Yariae: A Yamabishi volt side {type ss-260-10 No 38-1) was connected to the healing

lape and controls required temperature. )

gyKeithly Micro volimeter: In Lhis experiment two micovoltmeler DMMC(Model 197

A) was used. One meler was used for measurement of e m, £ aeross a Cr-Al themmo

couple attached 1o the specimen! Another meter was used [or measurement ol curmenl

Llhrough the speeimen for different voliage and different temperatures.

hjElectroding: Silver Painl was pasled al opposite flat faces of specimen for good

glecirical conduction. Then specimen was kept for a several hours for complete drying

of the painl before luking conduclivity measurement.

3.7.2. DC current vollage and current temperature measurcment

ODC current voltage (I-V) mcasurcment: A Keilhiey 614 clectrometer and

microvollmeler DMMC was set in the current maxde {or recording Lhe current Lhrough Lhe

sample at different applicd vollages. In Lhis case voltage was varied from 0 to 120 volt,
') Current-Temperature measurement: The electromeler was set in current model for

the direct measurement of current ot different temperature . To raisc the temperature,

lhe specimecn chamber was heated by a healing tape which can be easily wrapped

arpund the spccimen chamber.
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RESULTS AND DISCUSSION

Physical and Mechanical properties of PYC-sawdust composites

4.1 Bulk Density
Fig.4.1 shows the effect of sawdust addition on bulk densily of compesite materials.

With the increase of sawdust addition the density decreases and follows the mixture

rule

Fig.4.1 Effcct of Sawdust Addition on BulK Density
of PV C-Sawdust Composite
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Similar effect was found by Kuriger and Alam [47] in the carbon fibre reinforced FF
composites. The density of virgin PYC product is §.36g/cc, the value is in the range of
1.30-1.58g/ce found in the litcrature [48].The density of sawdust was found 1o be in
the range of 0.5-0.8 ce, which is lesser than that of PY¥C. As a result the densily of

the composites decreases with the incrcase of sawdust addition.

4.2 Flexural Froporiics

Fig. 4.2 shows the effect of fiber addition on flexural strength of PVC-Sawdust
composites, It reveals that (he flexural sirength of fabricated product slightly mcreases
wilh the increase of sawdust addition, For PYC HAexural sirength is found o be 15 M
Pa, Up 1020 {w1%) sawdust addition both the sawdust and the malrix bear the lead and
make resistance to slip as in the case ol age hardening of melals. The sawdust’s are

well disiibuted and the interfacial bonding between the sawdust and matrix is high,



Consequently flexural strength slightly increnses with the increase of sawdust
addilion. Similar effect was found by Shabname [48].

Fig 4.2 Effect of Sawdust Addition on Normalized Flexural
Strength on PVC-Sawdust Composites
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Fig. 4.3 shows Ihe effect of sawdust addition on flexural strain of PVC-sawdust
composites. It is seen (hat Lhe flexural sirain of [abricated product increases with the
increase of fiber addition. For PYC flexural strain is 0.007%. Here Lhe percentage of

slrein incrcases continuously with the increase of sawdust addition.

Fig. 4.3 Effect of Sawdust Addition on Flexurat Sirain on PVL-
Sawdust Composies
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Fig. 4.4 shows Lhe elfect of sawdust addition on T'ensile modulus of PYC-sawdust

composites. It shows (hat tensile modulus decreases with the increases of sawdust
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addition(TM -21291.25 M Pa). Composition of the sawdust and the polymer are nol

wel] distnbuted.

Fig. 4.4 Effect of Sawdust Addition on Tan
Modulous of PYC-Sawdust Composiles
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4.3 Tensile Properties |

Fig. 4.5 shows (he eftect of sawdust addition on tensile strength of PVC-Sawdust
composites. It reveals thal ihe tensile strength of fabricaled producl increases wilh Lhe
increase of sawdust addition. For PVC tensile strength is 8.395 M Pa. The inctease in
tensile strengih is probebly caused by a number of reasons including a) dispersion of
the sawdust in {he matrix b) moisture pick up and ¢) decrease of interfacial defecis
between PVC and sawdust composites. Interfacial bonding between the sawdust and

malrix may be become well. Similar eifect was found by Shabnam [48]

g, 5 Effcet of Sawdust Addition on UTS of PVC-
Sawdust Composiles
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Fig. 4.6 shows the effect of sawdust addition on normalized iensile sirain. It reveals
that Lhe strain decreases with the increase of sawdust addilion For PYC tensile sirain
is 3,13MPa. It is apparent that the elongalion decreases with increasing sawdust

conlent.

Fig.4.6 Eifcct of Sawdust Addition on Nommalized
Tenslic Sirain
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Fig. 4.7 shows the effect of sawdust addition on Young modulus of PVC-sawdust
compositcs. It shows lhat the Young’s modulus of fabricated product increases wilh
the increase of sawdust addilion Young modulus for PVC is 489.111MPa. The
presence of sawdust restrict the slip resulling in lesser duclility and consequently the
% of elongation decreases continuously wilh Lhe increase of sawdust addilion.
Young’s modulus is a stilfness of a maiterial. Thus stiffness of PVC sawdust
composiles increases of sawdust addition continuously within the limit of the present

study.

Fig.4.7 EHect of Sawdust Addition on Young
Modulus of PVC -sawdust composiltes
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1

Fig. 4.8 shows the effect of fiber sawdust addition on nonnalizé:d fraciure energy of
PVC-sawdust composites The fracture energy of a material is a quantitative measure
of the fracture toughness of it. It is observed that the fracture energy of the composile -
increases with the increase of sawdust addition. This increase n fracture energy may
imply that the toughness of the composite becomes better due to the addilion of
sawdust up to the wt% of sawdust added in this study.

Fig.4.8 EHect of Sawdust Addition on Normalized
Fracture Energy of PVC-Sawdust Composite
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Fig. 4.9 shows the effect of sawdust size on (lexural strength of PVC sawdust
composite. It reveals that Lhe flexural strength of fabricated product increases for the

maximum value at 500-125micron size and after that it remains constant

Figd 9 Efecl of Sawdust Size on Flexnral Sieengih of
PYC-Sawilusl Comrmosie
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Fig.4.10 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-

125 micron with decreasing sawdust size and then remains constant.

Fig. 4.10 Efect of Sawdust Size on
Flexural Strain of PVC-Sawdust
Composiles
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Fig.4.11 shows the effect of sawdust addition on UTS of PYC —sawdust composite. Tt
is observed that the UTS of fabricated decreases for the value at 500-125 micron size

after that it conlain same value.

Fig-11 effect of sawdust addition on UTS of
PVC -Sawdust composlte
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Fig.4.12 shows the effect of sawdust eddition on max stmin of PVC —Sawdus
composite. It reveals that the max. sirain of fabricated produc decreases for
maximum value at (1}1-500(2) 500-125micron size after that it may constant.

Fig-12Effect of sawdust size on maximum
strain of PYC-Sawdust composite
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Fig.4.13 shows Lhe DTA, TG and DTG curves of PVC,
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Fig 4.14 shows Lhe DTA, TG and DTG curves of sawdusi.
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Fip 4.16 Shows the DTA of PYC, sawdust and composite.
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Fip. 4.17 shows the TG of PVC, sawdust and composile
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Fip 4.18 Shows the DTG of PVC, savwrdust amnd composite.
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4.5 Thermal Analysis

Fig.13 shows the DTA, TG and DTG curves of PVC. The TG curve shows that major
degradaiion occurs in two stages, DTA curves of PYC shows two cndo thermic peuks at
295.1°C end 455.2°C.1% degradation ( TG), 1* DTA peak and 1% DTG arc related. And
similarly 2™ degradation, 2™ DTA peak and 2™ DTG arc related, The first onc is for
dehydrochlorination and another ouc is for depolymerization DTG curves of PYC depict
that the maximumn degradation occurs at the temperature 297°C with the rate of 343,59
mg/min. Two DTG peak obtained at 297.0%nd 455.20°%.

Fig.14 shows (he DTA, TG and DTG of sawdust The TG curve shows an initial 2.7%
loss comresponds moisture content. Then the mass is continuous losing having initiai
slower rale and ending is (he faster rate. The lighter subslances remnove initially and then
havier material removed.( e.p. lignin)Two endo thermic DTA peak were obiained. The
peak at 68.9% is for removal of moisture. And the 2 onc 365.1% is corresponds Lo
major degradation. Twoe DTG peaks were also found at 297.5% and 363.2°% which are
corrcsponds lo removal lighter malerial and heavier material. DTG curve of sawdust
depicls that the maximum degradation occurs at the temperature 363.2°C with the rate of

0.815mg/min. DTA curve of sawdust shows two endothermic peaks at 68.5°C and
365.1°C

Fig. 15 shows the TG, DTA and DTG curves of a compesite. This g. are reveals that TG
of composite two stape depradation temperature Here DTG shows two peaks one is at
274.3°C. Where for DTA two endothermic peaks one is at 312.5°C another is 463.0°C.

Fig.16 shows the DTA traces of PVC, sawdust and a composite. It shows that the top
curve is for sawdust, bottom one is for PYC and the curve for composite in between
them. DTA of sawdust shows two endothermic peaks at 73.9% and 365.8%. Here I° peak
for water absorption. On the other hand, one peak is found at the same temperature as that
for PYC and composite at 294.5°C.The effect of sawdust addition was also found in the
composite curve peak at 294.5° C.
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Table 1 DTA for PYC, sawdust and composite.

Sample [ Peak{"C) 2™ Peak("C)
PVC 294.5 457.2
Sawdust 73.9 365.8
Composite 294.5 457.2

Fig.17 shows the TG curves of PVC, sawdust and a composite. The top ene is for
PV, botiom cne is for sawdust and middle one is for comyposite.

Here for sawdust onset temperature 317.8°C where PYC and composite the nearest
temperatures are 279.2° and 274.4°C respectively two stapges of degradation TG
curves of PVC and composite show. On the other hand for sawdust degradation
ocecurs in one slage. Lastly 20% residue of sawdust remains where as 10% for PVC
and 11.9% residue f{or composite arc observed. The onset temperature and 50%
degradation of temp of sawdust are much higher than those of PYC and composite.
Figl8 shows DTG of PVC, sawdust and composite, For composite and PYC there are
two peak.

Table-2 DTG of PYC, sawdust, composite.(wt §0% sawdust)

Sample Maximum at("C) Degradation rale mg/min
PV 294.7 108
Sawdunst i6d 6 .32
Cormposite 299.1 I.58

Table 2 shows the maximum degradation temperatmre for PVC and composite
accordingly arc296.7 and 299.01°C respectively where maximum temperature for
sawdust

is 364.6°C.Nearest degradation rate for PVC and composite respectively arel,085
mg/min and 1.585 mg/min

But for sawdust it occurs at the rate of 0.85 mg/min.2" stage depradation lemperature

for PVC and composile ared455.4°C and 460.2°C respectively.
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Here in the fig 4.19 with the increases of vollage, current increases lineary in the
lower lemperamure. The addition of sawdust in PVC may significantly increase lhe
electrical conduclivity. 1t is seen that the do electrical conductivity of the composiles
increases as Lhe concentration of sawdust increases It might be due to the increase of
polar groups in the composiles and dipole onginating from the presence of
asymmetric excess electron in the polymers. So it is obvious that as lhe polar

molecules conceniratian increases, the number of electrical charge carries increases

resulting in higher conductivity.
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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 increascs as sawdust size decreases.
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Fig. 20 -V curves at different temperature for PVC composite with 10wi%

Sawdugl of 125micron and pan.
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Current at different voltage follows the Je= V" law. The value of ‘n’ close to unily.
This means that Lthe conduction is chmic in the lower temperature.

Table 3 - n values from I -V curves

Samples (wi%) n valus
g ad83
5 1.05
10 164
15 1.69
20 a9y

The variation of current with voltage for the compesiles with different size sawdust is
shown in Fig 4.21, Tt is observed that current increases with Lhe increasing voltage

linearly. When size is fine, conductivily increases with the increasing vollage.

Fig.4.21 |-V curves at room temperature for different
size sawdust composite.
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From fig 4.22, up to 10% resistivity decreases drastically and then 1 decreases slowly.
Initia]l decreases I the resistivity of the composites may be due Lo presents of hydroxyl
icn because of the presence of absorbed water and lignin in the sawdust. Above

10(wi%) the resistivity decreases slowly because the further addition of sawdust does

no1 contribute any more to the conductien,
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CHAPTER-5

CONCLUSIONS

5.1 Conclusions

5.2 Sugpestion for future work



3.1 Conclusions

The polymer-natural fiber compaosites are impeiant for theu low Losl, snvitonnient
frendly and biodegradability. Tor this reason TVC — sawdust composiles with diffeient
wi% 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, mechanical, thermal, elecirical properies of PY{-
sawdust composites follewing conclusions may be drawn

1) Bulk density of the composttes decreases with the increase of sawdust addition,

2) The flexural sirenpih of the fabncaled product slightly ncreases and flexuenl strmn
also Increases with ithe increase of sawdust addition, The langent modulus decreases with
the increase of sawdust addition. The sawdust may not be well distributed in PYC matrix,
Fracture enetgy of PVC-sawdust composite mcrcases with the increase of sawdust
addition. The flexural sirwn of fabricated product increases up tol25 mucron with
decreasing sawdust size and then remains constant.

3) For the composites, the tensile strength increases with the increase of sawdus
addition, On the other hand, the tensile sitain decreascs with the increase of sawdust
addihon.. The Young’s modulus increases with the increase of sawdust addition.
Therefore stifthess of PVC- sawdust composites increases with the sawdust addition
continuously. Also it is observed that UTS of Mbricated product decreases for the
sawdust of 500-125 micron size after that 1t 13 more of less constanl.

4) From I-V charactenstics of the composites for different % of weight it is obscoved that
1-¥ curve shows ohmic behavior in the lower temperature. The de electrical Iesistivity of

the composites decreases as (he concentration of sawdust incroases. Initially decreascs

rapidly and than it decreases slowly.
3) From the TG, DTA, DTG curves of PYC, sawdust and composites 1t 55 [bund that the
thermal behavior lies between those of PYC and sawdust. Theonal stability 1mcreases

with the increase of sawdusl.

In the cnd, the outcome of thus study indicates that these materials can be used in the

industnal and houschold application,
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Suggestion for [urther work

The lollowing experiments can be carried out for understanding of the clectrical behavior

of these malerials.

1. Optical properties can be carried out by UV spectroscopic siudy.

2. A.Cand .C. clectrical propertics of a large series of dilTerent size sawdust are to
be studied.

3. Fillers ate commonly employed in PVC compounds in order to reduce cost, They
may also be employed for technical reasons. China clay, calcium carbonate ete.
arc used lor general purpose work. Such samples can be investigated.

4. The diclectric constant, [oss faclor and the dielectric sirength may be measured to
find the dielectric application of the malcrials.

5. Further detail physical and mechanical properties should be investigated.
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