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ABSTRACT

Moisture absorption and dimensional stability of tengls is one major concern in any
engineering design, as well as in any environmBmis is because moisture absorption and poor
dimensional stabilities in any material is capabfeleading to the degradation and ultimate
failure of such a material. The purpose of thissaesh however, was to study the moisture
absorption as well as dimensional stability prapsrbf composites made from thermosetting
polymers, reinforced with diorite, sandstone, aohstalk. Other objectives of the research were
to determine possible applications of the differeatnposite materials as well as determine
which of the thermosetting polymer resins wouldhinest applicable as matrix material. Moisture
absorption was carried out using the long term insina procedure based on the ASTM D 570 -
98 standard. From the results of moisture absarptioe corn stalk-polyester composite was
found to absorb more moisture than the other sgitbd composite. The diorite-polyester
composite absorbed the least moisture and resnlticate that moisture decreases with
increasing amount of the diorite filler added. Tdimensional stability tests indicate that the
sandstone-polyester composite is the most dimealbyostable of all the composite materials
made in this research, and comparism of this coitgegth the water based acrylic resin-
sandstone composite indicates that the polyestapaosite is the preferable choice of polymer
resin as matrix material for the production of casipes. This conclusion was based on facts
obtained from dimensional stability tests that oadé that the polyester resin is more stable
dimensionally when filled with sandstone. Finallgesigns were made from the various
composites and this include table tops made frolyegter-diorite composites, wall tiles made
from polyester-sandstone composite, artifacts mfaden polyester-cornstalk composite, and
wall tiles were also made using the water-basegliaaesin. A cost analysis was also carried
out and although cornstalk was estimated as pessildlterial for production of cost effective
composites but its undesirable properties suchigls foisture intake , made the sandstone a

preferable choice of filler material for productioficost effective materials.
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CHAPTER ONE: INTRODUCTION

1.0 Introduction

Ever since the 1970’s composite materials havedquefound use in many industrial sectors
around the globe (Boukhoulda B.F et al, 2006), #himainly due to researches that have focused
on improving composites over the last decade. Aes rtillennium approached, composite
materials began to find applications in engineeand most importantly, in civil infrastructure.
This wide spread applications of composite has timeseased the need for more pristine
engineering approaches to the design of structmade of composite materials (Barbero E.J,
1999).

Today, modern technologies require combinationproperties that usually cannot be met by
using other materials such as, metal alloys, cargnand polymeric materials. This is especially
true for materials that are needed for applicatiarthe aero-space industry, under water, and in
transportation industries. For instance, aircragigners have in recent times been searching for
materials that have low densities, are stiff, dreng), are abrasion and impact resistant, and are
not easily corroded (Callister W.D, 2007). This & course an odd combination of
characteristics, and has called for the need fdenads engineers to come up with designs that
have most or all of these characteristics or ptogser Often, strong materials are relatively
dense, and increasing the strengths as well anest#f usually results in decreased impact
strength. Material property combinations are beswtended by the continued development of
composite materials. Generally, a composite is idensd to be any multi-phased material that
exhibits significant proportions of the properti@sboth constituent phases such that a better

combination of properties is realized (Hull, D. andv. Clyne, 1996).

In designing composite materials, designers haveked on combining various kinds of
materials which includes metals, ceramics, polymansl most recently, fibres to produce high
performance materials. Most composites have beeigmkd to improve combinations of
mechanical properties such as stiffness, toughreess,ambient as well as high temperature
strength. Usually, composite materials are compa$dd/o phases, of which one is termed the
matrix and surrounds the other phase usually cakgtforcement (Callister W.D, 2007). As

mentioned composites can be made from a combinatiodifferent materials, this research
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however, focuses on composite materials that ussnination of polymer matrix with milled
cornstalk, sand stone, and diorite. The proceepamggraphs introduce what these materials are.

1.0.1 Polymers

For thousands of years, natural polymers have beed for various applications. Some of this
includes their use in biological systems, wheres¢hpolymers not only perform mechanical
functions, but also contain and regulate chemieakttions (Michael F.A, and Jones D.R.H).
Recently, man has begun to find ways to make hia palymer, known today as synthetic
polymers. Most or all of the polymers in use tottaye been synthesized by man in one way or
the other.

Naturally occurring polymers mentioned earlier, tr@se derived from plants and animals. They
include, wood, rubber, wool, cotton, leather, aitkl ©ther natural polymers such as proteins,
enzymes, starches, and cellulose are exampleslyhers that are important in biological and

physiological processes in plants and animals. Recesearch has made possible the
determination of the molecular structures of thisug of materials, and the development of
numerous polymers, which are synthesized from soprgthnic molecules. Today many of our

polymeric materials such as plastics, rubber, ahce fmaterials are all synthetic polymers

(Rosen, S.L., 1993)

The response of a polymer to mechanical forcesleatated temperatures is related to its
dominant molecular structure. In fact, one clasation scheme for these materials is according
to behavior with rising temperature. Thermoplasticd thermosets are the two subdivisions.
Thermoplastic polymers are polymers that can beoogssed after being formed. These kinds of
polymers soften when heated and harden when codlelécularly, as temperature is increased
during processing, secondary bonding forces beck@s® pronounced, such that the relative
amounts of adjacent chains become facilitated arign a stress is applied. It is important to
note also that, irreversible degradation of thisdkof polymer is possible and occurs when a
molten thermoplastic polymer is raised to extrentegh temperatures. Thermoplastic polymers
are known for their branched chain structure wigixible chains, which is one reason they are

relatively soft polymers. Common thermoplasticdude polyethylene, polystyrene, and so on.
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Thermosetting polymers on the other hand are né&eaopolymers, which become permanently
hard during their formation, and would usually remften upon heating. Thermosets have
covalent cross-links between adjacent moleculainshduring heat treatments, these bonds
hold the chains firmly together to resist the chaintions that would usually occur at high

temperatures, this is the reason why they wouldsoften when heated. These polymers may
also be subject to degradation, although this wauddally only occur at extremely elevated

temperatures. In comparism however, thermosetsnaredoubt harder and stronger than

thermoplastics. The dimensional stability of thesets has made them more desirable in
numerous applications. Examples of common therreasetude vulcanized rubbers, epoxies,

phenolics, and some polyester resins (Callister VXID7).

1.0.2 Silicone rubber

Silicone rubber is a rubber-like material compos#dsilicone which is itself a polymer
containing silicone together with carbon, hydrogand oxygen as shown in Figure 1. silicone
rubbers are widely used in industry and there &@ose multiple formulations. There are three
main industrial classifications of silicone rubbekigh temperature vulcanizing, sometimes
called heat curable, are usually in a semi-solith gorm in the uncured state. Another type is the
liquid silicone rubber, sometimes called heat clerdiguid material. These are processed on
specially designed injection molding and extruspyoduction equipment. The last type is the
room temperature vulcanizing, which usually comssaaflow-able liquid and are used for
sealants, mold making, encapsulation and pottihg flesearch however, focuses entirely on the
room temperature vulcanizing silicone rubber. le tioom temperature vulcanizing silicone
rubber, single part systems consists of polydiatiigixane with terminal hydroxyl groups, which
are reacted with organosilicon cross-linking agenkgs reaction is carried out in a moisture free
environment and results in the formation of a téairectional structure. Curing on the other hand
takes place when materials are exposed to moistuns. important to note however that
atmospheric moisture is sufficient to activate tleaction, and as such thickness should be
limited if only a particular side is exposed to #wirce of moisture. Furthermore curing is also
relatively slow and relies on moisture ingress ittte polymer. This type of silicone rubbers
have properties such as: relatively good thernadlisty. The thermal stability of silicones stems
from the thermal stability of Si-O and Si-GHonds which are themselves thermally stable.

12



However, the partially ionic structure of thebondsmeans that the bond is highly polarized
the bonds are susceptible to attack from conceatratids and alkalis at ambient temperatt
Also, this type of siliconeubbers i generally flexible at low temperatures due maimlytheir
low glass transition temperature ). However, they also tend to stiffen up at hig
temperatures. Agajrthe siloxane backbone unit,-O has a bond length of 1.63 Armstrong
a bondangle of 130 degrees. This bond length and bonteangans the siloxanes can mq

further and change their conformation easily, mgkor a flexible materis

I | |
S \CRA U

T

Figure 1: repeating unit of silicone rubber

1.0.3 Diorite

Diorite is a grey to dark grey intermediate intugsiigneous rock composed principally
plagioclase feldspar. It may contain small amouwftguartz microcline and olivine (Blatt, F
and R.J. Tracy, pg 53). It can also be black orshlgrey, and frequently has a greenish ¢
Diorite may also be associated with either granitegabbro intrusions, into which they m
subtly merge. Diorites result from partial meltioya mafic roc produced in volcanic arcs, a
in cordilleran mountain building such as in tAndes Mountainsas batholith. Diorite is a
relatively rare igneous rock which is only founddertain regions around the world such a
Leicestershire (midland quarry prccts). One property of the diorite which makes it
applicable is its hardness. Diorites are extrenmaind rocks, this property however, ws it to

be polished and worked firm which results in durablfinished work (BlattH and R.J. Tracy).

1.0.4 Sandstone
Sand stone is a very common sedimentary rock arttape the kst known sedimentary roc

Sandtone formation usually takes place in many enwvitents, these environments inclt
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majorly those with water such as rivers, oceansnéation but a few (Amethyst Galleries Inc,
2010). Sandstone as already mentioned, is a setlingerock composed mainly of sand sized
minerals or rock grains. Most sand stones are ceeof quartz and/or field spar which are
amongst the most common minerals in the earth’stc&and stones have properties differing
from the earlier mentioned diorite in that, theg aasy to work but then are still resistant. This
combination of properties has made them usefuliddibg and pavement materials (Edensor. T,
and Drew. l). sandstones are cemented by certaierals which can influence the durability,
color, porosity, and usefulness of the sandstoeedhting agents include calcite, quartz, clays,
and gypsum. Generally sandstones are very poraks due to the pore spaces present in their
structure (Amethyst Galleries Inc, 2010).

1.0.5 Natural fibre

The oxford dictionary describes natural fibre dsdithat exists freely in nature. In other words,
these fibres do not need further synthesis as @neyused in the forms in which they exist in
nature. Natural fibers are today being recognized w their high strength, and light weight
when they are used as reinforcement composites dMotad. N.A.B). Natural fibres are
renewable sources of fibre and are fast emergingptential alternatives to the already known
synthetic fibers such as glass fiber, this is bseathey are inexpensive, as well as more
environmentally friendly when compared to synthefiores (Peijs. T). The advantages
associated with the use of natural fibre have nthden applicable for use as reinforcement in
engineering composites (Jacob. M et al; Gassamd ¥ &.Cutowski).

In this research the natural fibore employed is tben stalk fibre. Corn which is generally
referred to scientifically as zea mays falls unter monocot classification of plants. Monocot
stems have scattered vascular bundles near thel®@atdge of the stem, and these bundles are
surrounded by large parenchyma in the cortex reditmmocot stems, such as those of corn, do
not have a vascular cambium and do not exhibit redexy growth by the production of
concentric annual rings. Their scattered vasculardle is composed of xylem and phloem
tissues, and each bundle is surrounded by a rirgelts called a bundle sheath. The structural
strengths of woody monocots are due to clustershesvily lignified tracheid and fibers

14



associated with the vascular bundles. Figure omgssga pictorial description of scatter

vascular bundles in the stem cross section of (@&t mays).

cortex

vascular
bundle

epidermis

primary phloem ]

companion cell __phloem

tracheid —xylem

(C) E-m. collins 2000

Figure 2: cross section of the stem of corn (Zea mays) showing parenchyma tissue and
scattered vascular bundles.

Ahmed., A and J.Y., Zhu, 2006, suggest that coalksamongst many other agricultu
products, is the most promising source of fibehalgh their use is limited because they cor
large amounts of cellulose. The composition of cstalk as determed by Han and Rowel
1997, is as follows: cellulose (-50%), lignin (534%), pentosan (about -41%). Usta et al.,
1990, the morphological properties as determinedUsya et al., 1990 are: fiber lenc
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(2.32mm), fiber width (2.34um), lumen width (24.3yrand cell wall thickness (6.8um). These
properties thus indicate how the overall propertythee corn stalk is affected and how their

application is likely to be limited.

Mehmet et al, 2010, found in their research thappred sample panels containing high amounts
of corn stalk were found to have higher fiber aspetto. This panels contained soft parenchyma
cells in their core structure, and attracted moatewdue to presence of attractive OH groups.

They also observed poor dimensional stability asén amounts of corns stalk were added.

Lignocellulosic fibres such as those of corn stake structure and composition which is unlike
most fibres. Corn stalks which are Lignocellulosie composed of cells that contain about 0.5-
3.0mm cellulose in length, which is so small conegato those of other fibres. Further more,
Lignocellulosic fibres such as those of corn stalktain large amounts of lignin, typically about
20%. Narendra and yigi, 2005, suggest that highusmsoof lignin affects the structure and
properties of the fibres, this thus suggests tmastructure and properties of corn stalk fibres ar
affected because of their high lignin content. Friogaire 1, it is clear that corn stalks posses
large amount of lignin, this is seen clearly in tledative amount of tracheid containing lignin
shown in figure 1. The lignin which is prominent time corn stalk ‘'structure as stated earlier,

affects the properties of the corn stalk as wethag subsequent applications.

Addition of cornstalk fiber decreases the hygroscapd mechanical properties of materials that
employ their use, such as in the making of compssitor instance, Mehmet et al, 2010
concluded in their research that even though physiod mechanical properties declined with
increased addition of the corn stalk fiber, broagthanical properties still aligned with standard
requirements, this means that despite the limitatim properties of corn stalk, they still find

very wide applications in many industries today.
Crystal structure of corn stalk fibers

Corn stalk amongst many fibers in use today hasdoystallinity values. Narendra and yigi,

2005, noted in their research that crystallinitieefs the chemical absorption of a fiber. They
concluded that, low crystallinity corresponds tagthiamorphous regions, which are more
accessible to chemicals and water. They also sthgdrystallinity is related to the strength of
any fibre, and that high crystallinity corresponidshighly strong fibre, this explains again why

16



corn stalk is not as strong as other fibres bec#daseystallinity is small compared to those of
other fibres such as flax fibres. Again, the highoants of single cells in corn stalk results in
greater number of binding spots which then degeéeerarther to weak links that degrade and

break very easily leading to mechanical failure.

1.1 Objectives

The composites industry is advancing all the tidew varieties of fillers (reinforcements) and
matrix materials are being introduced, manufacturprocesses are being developed, and
existing processes are being upgraded to mearet®ntr demands of composite materials. To
develop a composite material, it is momentous wosk concepts that are both technically and
commercially feasible. Recently, greater emphasiseing placed on production of more viable
composites which have better and improved qualibegroperties. If a holistic approach is
adopted in this regard, composite materials arel lortake an even_more important role in the
near future. In this research two thermosettingmelr resins were considered, this was because
one aim was to determine how this different themt®sary and based on this determine which
is likely to have more potential in the near futuResearchers today are constantly looking to
coming up with the best polymers as matrix for useomposite production, whose properties
when matched with those of the intending fillersirfforcement) give an overall excellent
material of very high quality in terms of their oa# properties. This research however, focuses

on the following areas:

* Investigation of the moisture absorption and dimmmd stability properties of
composites made from thermosetting polymers andamied with sand stone, diorite,
and natural fiber.

* To investigate appropriate applications of the masi composites synthesized in view of
this study.

* To determine which thermosetting polymer has theaigst potential use as matrix

materials for the production of composite materials
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Chapter two: LITERATURE REVIEW

2.0 Composite materials

Composite materials fall under two groups, those #xist freely in nature, and those that are
synthesized by man. Natural composite materiale ladways being used because, many natural
materials have structures of two or more distieetdires which evidently suit the definition of a
composite. An example of such composite materialased, which is made of a matrix of lignin,
and a reinforcement of cellulose. Synthetic contgosn the other hand are those made by man
primarily to improve materials properties. An exdenpf such is the popularly known concrete
which is made of a cement matrix and stone reiefments (Mohammad N.A.B). Today, many

materials man uses are composite materials.

2.1 Definition of a composite

The superiority in property and numerous applicai@f composite has made them widely
known across the globe. This new trend has enghegdhe impact of composites is in no small
way felt by the materials industry, making the cosife industry a fast growing industry world
wide. Although today, there appears to be no usaledefinition for a composite, many

definitions has in any case being coined by a fethas.

The oxford dictionary for example defined a comfmsias anything made of different parts or
materials. It also defined it has something madeplying together distinct parts or materials
(Hornby A.S, pg 230).

Yu, M. et al, defined a composite in engineeringaay group of materials that can be physically
assembled to form one single mass without physicarging imperceptibly to form a uniform
material in every respect. This means the resultiragerial would still posses components or

properties identifiable as the constituents ofdifferent materials.

Also united composite described a composite as rabowtion of two or more materials
(reinforcing elements, fillers, and composite malrinder) differing in form or composition on a

macro scale. The composite is such that the conmp®re materials do not loose character and
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identity by mixing together, although their combioa improves the composite material’s
properties (Frank .K.Ko, 2002).

Another author describes a modern day compositenasthat is multi-phased, in which the
constituent phase must be chemically different sephrated by a distinct interface (Peter, S.T,
1993).

David.H, and N. Shiraishi, described a compositeitdeer a naturally occurring or synthesized
material, made of two or more separate parts, winakie unique physical and chemical

properties, which remain separate and distinctiwitine composite structure.

2.2 Classification of composite materials

Based on the different definitions of a compositatemnial, composites were produced by
combinations of different materials which were erthmetallic, organic, or inorganic. Each of
the materials were expected to have appropriateactaistics, and function appropriately to
improve the composite’'s property (Mohammad N.A.Based on this a number of
classifications exist. One simple scheme for tlassification of composite is as shown in figure
1, and it consists of three main divisions, twowdfich are the main focus of this research

(particle reinforced and fiber reinforced) and lidst one being the structural composites.
Figure 3 shows the various sub divisions of theéouer categories of composites.

Composites

Particle reinforced bdi reinforced structural

s

Large particle Dispersion strengthened continossatitinuous laminates sandwich panels

Aligned randomly emied

Figure 3: classification scheme for the varioustypes of composites (Callister W.D, 2007)
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2.2.1 Structural composites

A structural composite is normally composed of botmogenous and composite materials. The
properties of this kind of composite are dependemtboth the properties of the constituent
materials, and on the geometrical design of thewuarstructural elements. Structural composites

are divided into two categories as indicated infggl, laminates and sandwiched panels.

2.2.2 Particlereinforced composites

Figure one shows that a particle reinforced contposan be further subdivided into large
particle or dispersion strengthened composite. fEh@ large is used to indicate that particle-
matrix interactions cannot be treated on the atooricmolecular level, rather continuum
mechanics is used. The level of improvement of ausiip property is dependent on the matrix
and the particle interface bonding. For dispersstrengthened composites, the particles are
usually much smaller than the large particle contppsnd strengthening of the particle and
matrix interface bonding is usually on a moleclésel. Many polymeric materials are known to
employ the use of large particles as fillers in mglof composites. These fillers are used mainly
to improve the mechanical properties of the contpesas well as replace the more costly
polymeric materials, and examples include sandestomd granite, which is one focus of this
research. It is important that particles be disted evenly to ensure effective reinforcement and

improvement in properties (Callister W.D, 2007).

2.2.3 Fiber reinforced composites

These types of composites have become very imgomathe composites industry, chiefly
because of their ever improving properties beirggalered through researches. The specific
goals in these designs are usually that of achiekigh strength in finished composites as well
as stiffness on a weight basis. Today many fibefoeced composites are being produced that
make use of low density fiber and matrix materiajich in many regards have improved
properties (Callister W.D, 2007). Fiber reinforaammposites like all other types as indicated in
figure 1 are also divided into two categories. Ehase those that have short fibers, and those
that have long fibers usually referred to as cantnfiber reinforced materials (waterman and
J.Pamela, 2007).
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2.3 Composite composition

Composites are made up of separate distinct partsvik as constituent materials. These
constituent materials are in two categories: thé&imand the reinforcement. The matrix serves
as a support to the reinforcement, and helps yst@almaintain the relative positions of the
reinforcement. The reinforcement on the other hadsually a high strength material used to
improve the overall property of the composite mateA combination of both phases however,
produces properties which cannot be gotten fronviddal properties of the different materials
(David.H, and N. Shiraishi).

2.4 Composite matrix

Most commercially produced composites use a polymatrix material often called a resin
solution. There are several categories of polymes,most common one include, polyester,
vinyl ester, epoxy, polyamide, to mention but a {@atzkanin et al). Thermosetting resins have
become increasingly important in industry in recemtes, and are now being used as matrix
materials in polymer composites, such as fiberfoeted composites (Mohammad N.A.B). In

this research focus was on acrylic reins and ptayessin.

2.4.1 Acrylics

This kind of resins have outstanding light transmis and resistance to weathering, and their
applications include their use as lenses, as temesp air craft enclosures, and as drafting
equipment (Harper, C.A, 1975). Acrylic is a useftlgar plastic that resembles glass, but has
properties that make it superior to glass in mamysv Common brands of high-grade acrylic

include Polycast, Lucite and Plexiglass.

2.4.2 Polyester resins

These kinds of resins tend to have a yellowish Tihey also have excellent electrical properties
and low cost, and can be formulated for room oh ltemperature use. They find applications in
the making of helmets, boats, auto body componehtsys, surf boards, to mention but a few.
One major problem associated with this resins & they tend to degrade over time (Callister
W.D, 2007). Polyester resins usually would reqainehardener for it to cure, one of which is

MEKP. MEKP is composed of an organic peroxide (#algat), and mixing this with the
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polyester resin results in a chemical reaction Wwigauses building up of heat and subsequent

curing or hardening of the resin.

2.5 Natural fiber composites

Natural fiber composites are renewable sources tli@r production of high performance
composites. Joseph .K et al, Writes that reseaschenoss the world are looking to producing
composites from more renewable sources. He writes this is because of the ecological
benefits derived from using renewable materialse Gihsuch benefits is that, they save valuable
resources, are more environmentally friendly asospd to those that were initially produced,
and do not cause health problems. Today naturatdilare being used as fillers for use in
automobile parts. Natural fibers such as sisag, jooir, oil palm fiber, to mention but a few have
all been found to be good reinforcements in bo#rrttoset and thermoplastic matrices (Varma
I.K et al, and V.G Geethamma et al). Bledzki A.KdahGassan (1999) write that, the last decade
has seen natural fiber composite being applicabteany industries, due mainly to the desirable

properties natural fibers posses.

Today natural fiber composite is used as constrocthaterial, such as decking and railing
products (Morton .J et al and C.Clemons, 2002)h&lgh natural fiber has found wide
application, an undesirable property, hygroscopibias in one way or the other limited their
function. Moisture absorption of composites coritaymatural fiber has severe long term effects
on natural fiber composites. This is because arease in moisture absorption decreases the
mechanical properties of such composites as wealleaseasing its dimensional stability (Stark
.N and Marcovich N.E et al). Although efforts haveen made by researchers to address this
issue, such as the use of coupling agents and dinifipars, moisture absorption still remains a
major concern of natural fiber composites (D.N ®abhed J.P. Jog, Lu J.Z et al, and H.Z.

Rozman).

In engineering practice, moisture absorption tegjenerally used for quality control purposes
and to measure the quality of the composite materih time (Lemana .Z et al, 2008). Moisture
absorption increases with increasing fiber loadarg) research done by Thomas et al confirms

this. They investigated the relationship betweenmivisture absorption of pineapple leaf fiber
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reinforced low density polyethylene composites, &mghd that moisture absorption increases
linearly with increasing fiber loading. Also Stamd in her work on wood floor-polypropylene
composites concluded that although moisture absor smaller for low fiber loading, due to
encapsulation of the wood flour by the polypropglenatrix, it is however greater for increased

fiber loading, because matrix encapsulation becamasnal with increasing fiber content.

Effects of exposure to moisture cannot be over esighd, as Rui-Hua et al found in their study
that pores, micro cracks, delamination, and corapd#tucture relaxation, are the defects that
occur during long term exposures. They also failnadl the strength of this composites decrease

with time when exposed to hygro-environments.

Diffusion theory is one theory that explains thechrenism of moisture absorption and provides
means for quantifying the mass transfer. Momentounsitural fibers and polymers exhibit
different properties in terms of moisture absomptias a result the distribution of the fibre within
the polymer matrix goes a long way in indicatingvhmoisture would be absorbed within the

composite material (Berkowitz .B and R.P. Ewing).

It is important to note that most polymeric matsiége relatively moisture resistant. W. Wang et
al found in their research on the study of moisalssorption in natural fiber plastic composites,
that the polymer matrix prevented moisture absormpin the composite only at low fiber
loading, but as fiber loading increased, the mogsabsorption rate also increased. Precautions

are thus needed to prevent moisture absorption Wiggnfiber loading is applied.

Furthermore, many other mechanical properties ohpmsites are dependent on the fiber
loading. L.A.Pothan et al (2003) in their work oypndmic mechanical analysis of banana fiber
reinforced polyester composites found that, impno@et in composite properties is possible at
high fiber content. They also report that, at thaximum fiber loading modulus peaks (from
plots) get broadened, emphasizing the improved-filetrix adhesion at high fiber content. Thus
banana fibre reinforced polyester composites agattyr dependent on the volume fraction of the
fiber. N.M white and M.P Ansell (1983) also fourfdat as fiber volume fraction increased from
zero, initial stiffness and strength decreased, groperties steadily improved maximally in
strength and in young’s modulus. They also fourad garefully aligned fibers possessed greater

strength than those aligned randomly, and thatoedleomposite density with increasing fiber
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content had a beneficial effect on the compos#picific stiffness. Also, flexural results found
for the composite was much greater than that ofptire resin, indicating improvements of the
composite properties. They thus concluded thafulsemposite materials can be manufactured
from straw fiber and polyester resin, since resshliswed that, the straw fibers considerably
improved the stiffness, strength, and toughnesshefresin, and ultimately the composite

material.

Again, natural fibers added to polymers as filleeduce the product cost of composites by
replacing the more expensive polymer with the chaag readily available natural fiber. A

further advantage is however gained if these fiberprove the overall properties of the

composite material (White N.M and M.P. Ansell).

It is important to note here that natural fibers mruch cheaper than man made fibers, hence why
they are quickly becoming substitutes for the madenfibers. In fact for instance, corn stalk
which is a natural fiber comes at almost no cosalain their use as fillers in making fiber
composites. Again, the low specific gravity of matufibres (about 1.25-1.50g/émwhen
compared to their synthetic fiber counterparts @hh6g/cni), has made them applicable in
producing high strength to weight ratio in compesitaterials. The use of natural fiber has also
provided a healthier working condition than thethgtic fibers. For example glass fiber which is
a synthetic fiber causes skin irritation and rempiy diseases, arising from glass fiber dust
(Mohammad N.A.B, 2007).

Indeed degradation in natural fiber composite priog® over a long period of time subject to

environmental conditions is a direct consequencth®fdevelopment of specific damages such
as resin cracking, fiber fracture, and destroyeaddaetween the fiber-resin interface (Scida.D et
al).

2.6 Diorite plastic composite
Properties of this type of composite are stronglgehdent on those of the diorite reinforcement.

Although the polymer resin contributes in no smadly to the overall composite properties,
improvement in properties is still attributed t@ thise of diorites as reinforcements. Diorite is an
extremely hard rock (Blatt. H, and R.J. Tracy)sash their use as reinforcements in composites

would serve to improve the hardness or toughnegsepty of such composites. Indeed, hardness
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is one desirable property of composites, since tygplication in many environments is strongly
dependent on how well they are able to withstandhhanvironmental conditions. Diorites are
also desired because they are only slightly porbHsGul and A.Magsood (2006) in their work
on properties of diorite, found the porosity ofrrities to be about 0.162 to 0.490 weight percent.
The low porosity of diorites is one reason why theyuld serve as good reinforcements even in

hygro environments.

2.7 Sand stone plastic composite

Not many sand stone plastic composites are knownh rdsearches done on sandstone have
indicated based on their properties that, they ccalso be potential fillers for composite
synthesis in the near future. David .C et al (1998)gested that, these properties are usually
controlled by the porous network characteristicthefstones. Also permeability, capillarity, and
electrical conductivity are some properties that @fected by the sand stone porosity. Porosity
is one major concern to the use of sand stoneiR®mEements. Generally sand stones are very
porous rocks (Amethyst Galleries Inc, 2010), whElone draw back that would ultimately be
encountered in their outdoor applications. The gmes of pores in sand stones allows them to
absorb moisture from the environment, but in tlusie as fillers this is reduced by the polymer
matrix, known to be highly moisture and solventisesit. In any case, the properties of the
composite are a function of the respective propemif the matrix and filler, which is combined

to give the composite a unique and improved prgpert

Importantly, some sand stones have porous netwakacteristics that allow them to absorb
only negligible amounts of moisture. Another prapeaf sand stone is that they are resistant to
corrosion and weathering (Edensor.T and |. Drewgking them good reinforcements in the

making of high performance composites.

2.8 General properties of composites

Generally composites do not have the same phygicgberties in all directions, but have
properties which are different depending on thedion of applied force. Evidently the stiffness

or toughness of a composite is dependent on thawelposition of the applied force. Composite

stiffness however, is also dependent on the corgatesign, such as the orientation of
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reinforcements within polymeric matrices, the nataf the different materials, and the adhesion

of the composite interface (waterman and J.Parfelzy).

Composite materials, based on a polymer matrix rentforced by fibers or particles, have a
high potential to develop materials with extremiyorable properties. The true understanding
of the mechanical properties of a wide combinateinmaterials is today becoming more
prominent than in the last few decades, althougbhmumork is still required to improve these
properties. Recent researches are however focusinginderstanding of interactions between
phases, understanding the development of strassesniposites, and understanding the behavior

of the individual phases themselves (E. Nes, 1997).

Moisture absorption of materials is one property tbe material that can never be
underemphasized or overlooked, this is becausenthisture absorption property of materials
goes a long way to define exactly how the matdéuaattions and which ultimately dictates how
that material would be used. Polymeric materiaés @grmeable to moisture absorption in one
way or the other and would thus absorb moisturenwdiaced in humid environments. From this
it is clear that moisture absorption composites @ependent largely on the nature of the

polymeric matrix and the filler (reinforcement)iaghe case in this present research.

2.9 Applications of composites

The past two decades, has shown the gradual denetdpof advanced materials, and today the
use of composite materials in various structurdgecoming increasingly resourceful, with major
impacts being felt in the aerospace and automaobdestries, were design considerations are
focused mainly on better and improved propertiesaterials. The use of composites in the aero
space industry has improved fuel efficiency comnadlsc(Mohammad N.A.B, 2007).

Composite materials have gained recognition imtaufacturing of high performance products
that need to be light weight, yet strong enouglsupport heavy components such as aircraft

components, boat and scull hulls, bicycle framas, racing car bodies (CRG Industries, 2009).
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Other uses include fishing rods, storage tanks,b@se ball bats. The new Boeing 787 structure
including the wings and fuselage is composed Igrgetomposites. Polymeric composites were
mainly developed for aerospace applications whaeeréduction of the weight was the leading
objective. Research in this regard thus focusedptimization of the structural performances of

these materials (Giordano, M, et al, year).

Composite materials are also being applied in @eda surgery (Mathews, F.L. and R.D,
Rawlings, 1999). Biomedicine is another field whemmposites are being applied. Materials
able to imitate the complex properties. of the ralttissues, which are composites in nature, have
been developed, although this is not yet widelyvkmotoday (Goldberg, T, 2000). This
observation is probably due to lack of awarenesk dalayed technological transfer between

these areas.

In 2007, an all composite military high mobility iitpurpose wheeled vehicle was introduced
by TPl composites and Armor Holdings Inc, the faitcomposite military vehicle. The use of
composites helped to reduce the weight of the \ehas well as' increase higher payloads
(Vantage associates Inc, 2003). Other visible appbns of composites can be seen in
pavements along road ways in the form of aggregatgorced Portland cement or asphalt
concrete. Other personal composites include: shostalls, bathtubs, sinks, artifacts, and

countertops, to mention but a few (Mathews, F.ld BrD, Rawlings, 1999).

2.10 Why composites?
Composites offer quite long term benefits. A congrarof composites with many material
indicate today that, the benefits that can be @drirom the use of composite far out weighs

those derived from the use of other known typematerials.

One major benefit derived from the use of compasigterials is that of weight savings. Many
composites produced today are lighter than mogirdthown materials. Lemana Z. et al (2008),
reports that, composites offer good long term befavin aggressive environments and high
strength stiffness to weight ratios. This means titwa fact that many composites produced today
are light weighted does not mean compromise i ffreperties. Composites are amazingly light
weight, especially in comparism to materials likencrete, metal, and steel. A composite

structure would often weigh about a quarter ofeglsstructure with the same length. The means
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for instance that, a car made from composites wad)h about a quarter that of a car made

from steel. This ultimately leads to fuel and eesgvings.

One leading advantage of composite materials iabley to combine physical properties of the
different components to obtain new structural arctional properties. Composite materials have
for a long time been known to man, for instance s$veictural properties of straw where
combined with a clay matrix to produce the earlgstauction materials. Today the development
of polymeric materials and high modulus reinforcatag has introduced a new generation of

composites (Giordano, M, et al, year)

More importantly, composite materials can be carséd to exhibit the best qualities from their
constituents that neither constituent possessedmaliyg (Jones R.M, 1975). Better quality
materials are only arrived at by taking advantafe¢he good qualities of each material that
makes up the composite structure and coming up evitthat has exceptionally better qualities

and properties to serve purposes, each separateahaould not.

Concern for the environment is an issue of increaginportance in today’s society. To gain a
concise understanding of environmental impactsbated to a particular. product or material, it
is necessary to survey and access its entireyldke cfrom the production of its raw materiald, til
it is no longer in use. The advantage of compasigerials is that, environmental impacts from
both their manufacture and use is normally low, chirom an environmental point of view,
makes them very good substitutes to replace otreemals being used today. Natural fiber
composites for instance are produced from the keadiailable and renewable fiber. Which
means their production saves valuable resourcexe(sihey are obtained from renewable
sources), is environmentally sound, and does nagechealth problems (Sreekala, M.S, et al,
1997).
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CHAPTER 3: METHODOLOGY

3.1 Materials

Preparation of the composite material samples ueghuite a lot and use of several materials.
The different materials used include: sandstonm) stalk, diorite, polyester matrix and water-

based acrylic resin matrix.

3.1.1 Sandstone

The sandstone was obtained from the Roma Mountaimglking distance from the National
University of Lesotho, Lesotho, southern Africar€aas taken in selection of sand stones with
similar physical properties, properties such asspay texture as well as color were the main
criteria used in selection of sand stones. This meessary because properties of sandstones
used as reinforcements in composites could vargmdipg on the physical property of the sand
stone in use. After careful selection, the sandstamere transported to the chemical technology

research laboratory of the University for Carefrgliminary Operations.

3.1.2 Diorite

Another material, the diorite was obtained from Hesotho funeral services. The diorites were
prior to laboratory analysis used as grave sitddimg materials, of which the waste was
disposed off. This disposed off waste formed thék kaf diorite materials collected. An
agreement reached between the department of cHetedaology, and the Lesotho funeral
services ensured that there was adequate supplyeodliorite material for use in composite

synthesis.

3.1.3 Corn stalk

The corn stalk was supplied by local farmers whuwésted the corn stalk on agreement with the
department. The corn stalk used was harvested lky iMnich was thereafter delivered to the
department of chemical technology for further as@lyAgain care was taken in the harvesting

of the stalks, to ensure that those with desired stalk fibre were harvested
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3.1.4Mould

A silicone rubber mould was used for the castingalbfcomposite materials, this was made
possible owing to the nature of the silicone mosieth as its flexibility that allows for easy
extrusion of cast moulds. Generally there are thokassifications of silicone rubber; high
temperature vulcanizing sometimes called heat ¢eiréiquid silicone rubbers sometimes called
heat curable liquid materials, and room temperatméanizing. The room temperature
vulcanizing type of silicone rubber usually comesaaflow-able liquid and is used for sealants,
mould making and potting. The room temperature aniing type of silicone rubber was
however chosen for purposes of this research nyap@tause it cures at room temperature, and
it has high flexibility that allows for easy remdwa cast materials. The making of the silicone
rubber mould in this research followed appropriatxing of silicone rubber with silicone
catalyst in the ratio of a hundred parts to terigperspectively, this was then allowed to set at
room temperature. The silicone rubber used wasligappy A.M.T. Composites, Gauteng,
South Africa.

3.1.5Matrix (Resin)

The matrix materials used, polyester resins (UPB5ILE) and water-based acrylic resin
matrixes were supplied by Cray Valley Resins, Sdftica and A.M.T. Composites, Gauteng,
South Africa respectively. The two resins were &el@ mainly to. compare the differences
between both resins and determine based on analfsih would be more applicable in
commercial production of composites. Tables 1 argh@w vividly properties of resins used.
Silicone rubber was supplied as well by A.M.T cosipes used for preparation of moulds for
casting of required composite materials.

Description of UPE 1685LV: this is a pre-acceledatenwaxed, non-thixotropic, rigid, medium-
low reactivity DCPD- orthopthalic unsaturated patge resin. It has superior filler wetting
properties and is capable of high filler loadingspducing polymer concrete with good

mechanical performance of the matrix.

Material one is a two-part material consisting ohimeral crystal base and water- based acrylic

resin. These cross-link to form high strength redatrystals within an acrylic envelope. The
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products designed using the water-based acryliin régas been proposed to have the

characteristics which were provided by the supples:
* Low toxicity
* Low exotherm
» Excellent surface finishes
» Good physical and mechanical properties
* Resistance to water and ultraviolet
» Excellent characteristic under freeze
* Improved working environment
The polyester resin also has characteristics ssich a
e Low exotherm, which means it is suitable for budisting
* Pre-accelerated, which means it requires only mnfddf catalyst

« DCPD based, which means it has low styrene emissigperior filler and

pigment wet-out, and high filler loading.

In this research however, both material one and WEESLYV will be referred to as water-based
acrylic resin and polyester resin respectively.|l@dband 3 show the properties of the different
resins used. Properties of a tested 3mm unfilletbnad provided by the suppliers of the resin is

shown in table 2
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Table 1: Liquid Properties of Polyester resin

Property Specification
Viscosity @ 25C (Brook field cps) 140-160

Gel time @ 28C (1% m/m Luperox K1} 18-22

minutes)

Cure time (minutes) 39-43

Peak exothernfC) 110-120
Specific gravity (g/cr) 1.10-1.12
Non-volatile content (%) 60-64

Acid value (mgKOH/q) 35-40

Liquid appearance

Greenish brown

Stability in the dark @ 2& (months)

6

Table 2: properties of a 3mm unfilled casting of a polyester matrix, post cured for 3 hours

@ 800C

Property Specification
Deflection temperature under load (264 i), | 70

Tensile strength (MPa) 70

Tensile modulus (MPa) 3900

Flexural strength (MPa) 95

Flexural modulus (MPa) 4000
Volumetric shrinkage (%) 7.0
Elongation at break (%) 1.8

Impact strength (KS/f 7.8
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Table 3: properties of water-based acrylicresin

Technical Data

Property Specification
Density (wet) 1.75 Kg/th
Density (dry) 1.66 Kg/m
Pot life 17 minutes
Final set 1 hour

Mechanical Properties

Property Specification
Compressive strength 30 MPa
LOP 20 MPa
MOR 60 MPa
Shore D 85

3.2 Composite Fabrication and Material Fabrication

Firstly all materials (sandstone, diorite, and cstalk) had to be prepared for use as composite
materials. This preparation included crushing, @jrng, and sieving. Crushing and grinding of
the sand stone and granite was done manually. @gstnd grinding of the sandstone and
diorite samples was done with the aid of a sledgarher, this was done to reduce the particle
size of the sandstone and diorite samples to atidiuprocessing. Sieving of all materials was
done with the aid of a 7 stage filter, although toen stalk sample had to be grinded using
Russell Hobb’s grinder before the filtration wasdoSilicone rubber moulds were also prepare
for use as cast moulds prior to composite fabcatComposite fabrication was only made
possible using the silicone rubber mould for castih the composite mix. The silicone rubber
mould had dimensions of 3.7mmx8.7mmx1.2mm. Figureshbws vividly the complete

preparation steps followed, from initial stagehe final stage of the finished composite material.

33



17 MATERIALS I

SANDSTONE

l

DIORITE

l

Crushing and grinding of
sandstone and diorite

A\ 4

Corn stalk fibre

v

Drying and milling of
corn stalk fibr

v 7-stage sieve

Sieving of all materials

stalk fibre

(sandstone, diorite, and corf

l Sieved materials

Casting stage

l

Setting of water based acrylic
resin reinforced with Sandsto

) |

Setting of polyester resin
reinforced with sandstone,
cornstalk and diorite

Setting afheposite castsl

Completely set

composite material

Figure4: flow chart showing stepwise preparation of composite
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3.3 Material testing
3.3.1 Moisture absor ption

3.3.1.0 Conditioning of materials

For conditioning of the materials, five samplesteatthe already produced composite materials
were weighed. This was done by selecting five sampf the polyester resin composite as well
as the acrylic resin composite for use in the mogsabsorption test of the materials.

This is as shown in the figure 2 below:

2.0 mm

23.0mm

A 4

< 71.0 mm

Figure5: diagram showing dimensions of the materials

The materials were then placed in an oven at abdatfor twenty four hours, after which the

initial weight was measured to the nearest 0.001g.

3.3.1.1 Moisture absor ption test procedure

The long term immersion procedure based on the ASX70-98 standard was used in the

moisture absorption test.

» Twenty-four hour immersion; the already conditiorezanples of each kind of material
was placed in a container filled with distilled watCare was taken to ensure that all

material samples were completely immersed in tistilled water. At the end of the
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twenty-four hour duration each of the samples ef different kinds of materials, were
removed from the water, wiped dry, and immediatetyghed to the nearest 0.001g.

* Long-term immersion; in determining the total ambwf water absorbed when
substantially saturated, the conditioned samplethefdifferent kinds of materials were
tested as previously described, except that aeticeof a one-week period, the samples
were removed from the water, wiped dry, weigheth®nearest 0.001g, and then placed
back into the distilled water.

This procedure was then repeated for an intervalof weeks for a total period of
thirteen weeks and two days, until an observabtara@gon point was reached. The
saturation point was observed from the resultsiobthafter each two-week interval,
which showed from the measured masses, a pointewther materials could no longer
absorb water.

3.3.1.2 Calculation

The moisture absorption was reported as percerdhgege in weight of the materials during
immersion, and was calculated to the nearest 04&4 % equation 1.

weightmoist— weightovendry, 100

Moisture content (%) _
weightovendry

3.3.2 Dimensional stability

The dimensional stability was carried out to detiaarthe extent of change in dimensions of the
composite materials with in-take of water. This wasried out by measuring the dimensions of
the conditioned composite samples using a vermiper to measure the length, width as well

as thickness of all the materials. The dimensioesevthen recorded successively with each
moisture absorption reading taken. This was becanseof the research aims was to determine
how the extent or rate of absorption of the diffénmaterials affects their stabilities with regard

to the material’s dimensions. The dimensional $itgbivas reported in terms of changes in

length of the different composite samples and vedsutated using equation 2.

% Increase in length = (original length - new lén{original length)* 100 ..................... (2)
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CHAPTER FOUR: RESULTSAND DISCUSSION

4.0 Properties of composites

4.0.1 Moistur e absorption
In this research, the moisture absorption propeiftythe different composite material was
determined by placing the composites in water bftha period of thirteen weeks and two days

and observing the change in weights of the compssiheasured in-between two week intervals.

From Figure 6, the moisture absorption decreastsingreased addition of the diorite filler (O-

70%) to the polyester resin. However, an exceptias observed in the case of 80% diorite filler
added. One possible explanation for this was irptleparation of this particular composite filled

with 80% diorite. In the preparation, most of tharticles were exposed and were not be
completely covered by the polyester matrix, as queatetration of moisture into the composite
structure was made easier, owing majorly to theoseg particles. The fact that most of the
particles at 80% loading were not completely codeseggests that moisture absorption would
be evidently higher in that composite and this aesurately confirmed as indicated in Figure 6.
Again, the decrease in the moisture absorption imitheasing filler content could be due to the
chemical nature of the constituents of the diofiiler, even though adequate information on

their nature was not available at the time of tieigort, to verify this assumption. The general
moisture absorption trend here could be due togtimoter-molecular filler- matrix bonding that

decreased the rate of moisture absorption witheasing filler (diorite) added. Thus the higher
the amount of filler added the stronger the filkeatrix bond and the smaller the rate of moisture
absorption of the composite material. Another exalmn for the observed decrease of moisture
absorption with increasing filler content could dige to the fact that particles of the diorite are
encapsulated at higher filler content hence inimgithe free movement of moisture into the

composite structure.

In Figure 7, moisture absorption increases witlmaasing amount of cornstalk fibre filler added.
This is as expected and has been confirmed by otrey authors (Thamae.T, et al, 2010). The
enhanced moisture uptake in cornstalk fibre resddrpolymer composites can be attributed to
the hydrophilic nature of the fibre due to the pres of hydroxyl groups which attract water

molecules and bind with them through hydrogen boqdiThis means that at higher fibre
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content, there are more hydroxyl sites to attraatew molecules which invariably lead to
increases in moisture absorption. Again cellulaz®aining fibres increase the interfacial area of
the fibre matrix and allow water to be absorbechglthe fibre matrix interfaces. This is also
confirmed by the research done by H. Alamin, e2@0Q9. This means that moisture absorption is
higher at higher fibre loading because of increasdidilose content.

® 0%
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N
wv
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15 - 60%
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Figure 6: moisture absorption property of diorite-polyester composite
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Figure 7: moisture absor ption property of cornstalk fibre-polyester composite
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Figure 8: moisture absorption property of sandstone-polyester composite
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Figure 9: moisture absorption property of sandstone-acrylic resin composite

Furthermore, milled cornstalks contain a parenchiigsaie called pith, this is as shown in figure
2. Important to note again is that cornstalk peticontain some components of the pith and is
believed to add to the water retention abilitieshef composites. (Thamae.T et al, 2010). This
means that higher cornstalk filling would ultimatejive rise to composites which have high
retention abilities and which would retain the abgd water for a period of time, this is clearly

observed in the moisture absorption plot shownguaré 7.

Another interesting observation made by (ThamaetTal, 2010) is that at low cornstalk fiber
content there is a great percentage of cornsthéedifully encapsulated by the polymer matrix.
This is however with exception of particles exposedhe composite surface. Encapsulation of
particles means that there are only very few paedithat come in contact with water, which
means the encapsulated particles are not involmethé movement of water through the
composite material and hence moisture absorptioadigced, since again as already stated, there

are no hydroxyl sites to attract water moleculed facilitate their movement through the entire
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composite structure. This is thus a vivid phenometmexplain the general trend observed in
Figure 7.

Also, there is a notable transition of interesticated in Figure 7, where there is a rapid change
in the moisture absorption at 30% cornstalk fidelded. This can be explained based on the
observation put forward by Thamae.T, et al, 201@ictvis that, increasing the cornstalk content
increases the chances of particles rubbing agasxtt other and forming agglomerates which
are enclosed by the polymer matrix. Agglomeraticnuos when the stickiest particles collide
due to turbulence and adhere to each other for@aggjomerates. Again, since lingo-cellulosic
materials such as cornstalk fibres have strongrmkecular hydrogen bonding forces between
their particles, there is a ‘critical cornstalkrlcontent’ at which agglomerates formed results in
clusters that serve as passages for water movaméim particles. (Wang et al, 2005). It is at
this point that the composite water uptake increaapidly to levels higher than those observed
for all other samples. This observation again cdadddue to increased difficulty in mixing at
higher fibre loading. This is as shown in Figure/flfere moisture absorption suddenly increases
between the 20% fibre loading and the 30% fibrelilog

The plot in Figure 8 for the sandstone-polyestenpasite shows moisture absorption increasing
with time for the sandstone- polyester compositeEsyever, for this composite no general trend
in the moisture absorption could be observed.

Although, the plot in Figure 8 shows that at 70%tled filler loading, there is high moisture
absorption, but at other percentages of the fidading, it is unclear what the general trend of
this composite should be. Unavailability of datatbe nature of the filler at the time this report
was written made it difficult to quantify the pdsi& factors that could markedly explain these
deviations. The only possible explanation that ¢ put forward here is that moisture
absorption properties of this particular composstéelieved to be strongly dependent on the
nature of the sandstone filler.

The plot in the Figure 9 shows the determinatiormaiisture absorbed for a composite now
made from sandstone reinforced acrylic resin. Taeegal moisture absorption trend for this
composite as shown in Figure 9 is that moistur@mi®n increases with increasing sandstone

filler loading. Moisture absorption was expectedrtorease from 0% to 50% of the sandstone
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filler loading, however results obtained indicatetderwise. This derivation is however believed
to be attributed to the nature of the sandstonairAgn interesting observation was made for all
the filler loadings at times between 30-45 h8tras shown in figure 9. In this region there is an
increase in moisture absorption for all the sampédter the expected saturation point. This
increase shows that for this kind of composite neteabsorption of water is still possible even

after the saturation point. This phenomenon cag baldue to the nature of the sandstone filler,
even though concrete evidence to this effect hadb@en looked into as yet. It is believed that,
generally sandstones have porous network structhegsallow them to absorb moisture from

humid environments such as, the conditions the ositgs were subjected to in this research.
Thus at higher sandstone filler loading, moistuseaaption is higher since the structure of the
sandstones allows them to absorb moisture. Agarfdbt that the acrylic resin is water based

explains why moisture absorption is high even at p@rcentage amounts of the sandstone filler.

Generally comparing all the composites and thesistances to moisture absorption, it is clear
from Figures 6,7,8,9 that the cornstalk fibre cosimis the least resistant to absorption of
moisture, this is due to the structure of the dailks as explained previously. It is difficult to
exactly compare the resistance to moisture absormf the composites since the percentage
loading of the filler used varies from filler type matrix type used, and since doing this does not
give a true explanation of how the resistances desture absorption for the different materials
differ from one another. However, Figures 8 anda& ®e compared to determine which
composite is most resistant. Considering 50% sandstoading in both composites, one
observes that the maximum moisture absorption ef abrylic resin-sandstone composite is
(about 11%) much higher than that of the sandspmigester composite (about 1.6%). This
means that the polyester-sandstone composite demly more resistant to moisture absorption
than the acrylic resin-sandstone composite, thikies mainly to the fact that the acrylic resin is
water based and therefore has the highest tendenaipsorb moisture. Of all the composite
materials, the diorite-polyester had the least ay@rmoisture absorption, since its moisture
intake decreased with increasing diorite content.
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4.0.2 Diffusion Coefficients

Diffusion in the composites industry is one impattpahenomenon that describes the movement
of water within composite structure. Absorption wéter into a solid composite material is
strictly governed by the gradient of water concatiin between the surroundings and inside the
material, and as such the degree of water satarata function of time can be described by the
simplified Fickian diffusion equation developed Bhen and Springer (1976), as shown in

equation ( 3).

h M2-M1

Dre(——)? (m)2 .................. (3)

4M oo

The diffusion coefficient is typically the only un&awn parameter in the above equation, and can

be adjusted to fit experimental data. Thus equédBdran be rearranged to give:

=4 DfmrNE - )

And a plot of mas a function oh/t gives the diffusion coefficients.in.the initiah&ar region.
The diffusion coefficients determined experimentdiiave been recorded in Table (4). The
results obtained however do not give a generatiteerd makes it difficult to describe exactly the
rate of water movement within the composite stmgctlrhis observation can be explained based
on the assumptions of the Fickian diffusion equmatithe equation assumes that water diffusion
occurs only in a single direction. Thus, it is tglly applied to predict the water absorption
behavior of plane material sheets with a low régdween the thickness dimension and length
and width dimensions. Moisture absorption is th@vegned by diffusion in the thickness
direction. It is evident from table (4), that thgperimental data deviates from the Fickian
diffusion equation and the calculated constantshirtigerefore not reflect the through process of
water absorption in the composites and may notrately describe the rate movement of water
into composite structure. Furthermore, it is bed@¥hat water diffusion in polar systems such as
that observed in the cell wall of plant fibres islal/ed by the hydrogen bonding of the water

molecules (Macrovich et al, 1999) and this mighplai the low diffusion as seen in table 4.
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Again, the relative small length and width dimemnsiof the samples means that water diffusion
in these two directions cannot be neglected, aadtie dimensional Fickian equation as already
used can therefore not be applied to estimate iffiesidn coefficients as well measure the

ability of the water molecules to penetrate the jgosite structure.

Table 4: Diffusion coefficients of composite samples (m2/hr)

Specimen Percentage of filler added (%)

0 10 20 30 40 50 60 70 80
Sandston | 8.309 | - - - 2.337 | 1.188x|8.727 |2.201 |-
e and x 107 x10° |[10° |x10° |[x10°
polyester

Acrylic 2.636 |1.392 |5779 |1.162 |1.185 |6.140 |- - -
andsand | x10° [ x10° | x10° | x10° | x10° |[x10°
stone

Natural |8.309 |4.452 [9.128 |1.528 |- 2 - - -
fioreand | x 10° |%x10° [x10° | x10°

polyester
Diorite 8.309 |- - - - 2.201 | 2.138 |2.176 |5.770
and x 107 x10° | x10° [ x10° | x 107
polyester

4.0.3 Dimensional stability

Dimensional stability again is one important prapef a composite material that is critical for
the application of the composite material. Poor efisional stability will cause warping and
other changes in the shape of the material. In résgarch, the dimensional stability of the
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different composite materials was determined bgutation of the percentage increase in length
of the composite material samples. Although changedimension of the composite material
should include all dimensions of the composite matebut results showed that changes in other
dimension was either following the same trend asd¢hobserved for changes in length or they
remained completely unchanged at the time thisrtepas written. The changes in length thus
helped to give an overview of how the dimensiornhef different composite materials changed
with absorption of moisture. Figure 10(a) showsitioeease in length with time of the cornstalk
fibre-polyester composite. The Figure indicates tmast of the composites did not initially
increased in length as their dimensions remainethamged. As time progressed, the 30% fiber
loading began to increase in length, this was Ya#id by the 20% fiber loading and thereafter an
increase was observed for both the 0% and 10% ldagling. It is thus believed that from this,
the presence of the corn stalk fiber will causesdetation of the dimensional stability of the
polyester matrix. This is likely to have been calu®y composite effects such as interface
debonding, and matrix fracture, which has a sigaiit influence on,the elasto-plastic behavior
of the composites. Figure 10(b) shows increaseeingth with time of the diorite polyester
composite. Generally, the increase in length i©\éicat higher filler loading and is smaller at
lower filler loading. The Figure also shows thaeafan initial increase in length, the dimensions

of the composite materials remained unchanged ¢gfrout the entire duration of the research.
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Figure 10: dimensional stability bar chart, (a) cornstalk-polyester, (b) diorite-polyester, (c)
sandstone-polyester, (d) sandstone acrylic
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Again Figure 10(c) shows increases in length fer $andstone-polyester composite. The trend
observed here is generally that, the length changssslightly as filler loading increased. No
observable changes in length was noted at higler lbadings and this is believed to be due the
nature of the sandstone fillers which most liketynfis a strong matrix-filler bond that allows
them to have relatively stable dimensions evenigiidn sandstone filler loading. Also Figure
10(d) shows how the dimensions of the sandstongli@aresin composite changes with
increasing amount of the filler as a function ahei For this composite, 50%, 40%, and 20%
filler loading showed no changes in dimension, atthose filled with 0%, 10%, and 30%
sandstone showed changes in dimension. The 10%tsaeeacrylic resin composite proved to
be the least stable having the highest changes idihension, while both 30% and 0% showed
relatively the same changes in their dimensionsutin out the entire research duration. From
this one can conclude that averagely, there iseénighmensional stability at higher filler loading

and poorer dimensional stability at lower filleaftings.

Generally speaking, the cornstalk-polyester conipssgives the highest average increase in
length as indicated in- Figure 10(a), this is imraéely followed by the diorite-polyester
composite. That of the sandstone in both typesobfnper resins indicates approximately the
same average increase in length. This brings oneotwlude that, the corn stalk-polyester
composite has the poorest dimensional stabilitylevtiie sandstone composites have the best
overall dimensional stability. The poor dimensiogtlbility of the cornstalk fiber composite is
basically due to the nature of the cornstalk fiarel is cause by defects discussed previously
such as weak interfacial bonding between the fianel the polyester matrix. The good
dimensional stability observed in the sandstonepmsite is yet to be understood and a thorough

look into the nature of this filler would be recedrto explain accurately this observation.

4.1 Application

Composite materials today have gained popularitg #ns is greatly due to the peculiar

properties exhibited by composite materials. Comeasaterials are important because they
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combine the properties of the different individuadterials that make up the composite structure
to give a material with excellent properties. Testend, composite materials find wide use in
many areas of society today. This research howdweused on a number of different
applications of the already fabricated compositdens. Important to note here is that the
applicability of the composite material is depertdeamthe properties of the composite itself. For
instance, the poor dimensional stability of thenstelk polyester composite means that, their
application would be limited to low humid areas.u$tthe designs made during this research
included their use as artifacts and their usedbtet top designs. They have also been proposed

to be used for the interior components of autonesbil

A look at the properties of the sandstone compesitdicates that they may not be limited only
to low humid areas, this is because their good dgaal stability observed when they were
subjected to moisture conditions indicates thay tweuld also be applicable in humid areas.
Thus this research based on the properties of ifferetht composite materials, looked into
making designs such as wall tiles of different iees$, building materials such as lining of outer

walls, as well as their use in making artifacts.

The diorite-polyester composite is believed to hexeellent hardness and toughness properties,
even though time did not permit the testing of ithpact strength of this composite to confirm
this belief. The major design however consideretk heas, designing of table tops, this is
because of its observed hardness property sineppitcation as a table top means it would need
to withstand varying load pressures. Another imgraradvantage of their use as table tops is that

they give excellent surface finishes when polisaed are believed to be resistant to solvents.

4.1.1 Cost analysis

One other major desire any design of a compogiteestto achieve is cost effectiveness both in
terms of production and purchase. Apart from thebated properties of composite materials,
the cost of the composite material is one importaaotor that has to be considered during the
production of composite materials. Today, many asdees are focused on producing less

expensive composite materials without compromisghedr intended properties. In this research
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the cost analysis on production of composites stimated to determine which of the composite
materials is likely to be more cost effective.

For instance, the polyester resin was filled wahdstone, diorite and cornstalk fibre. The cost of
obtaining 1kg of polyester resin is about R25, wlilie cost of the sandstone is estimated at
R2/kg. The cost of the sandstone here includesldheur costs incurred in crushing the
sandstone. This comes at very low costs becaussatidstone is one natural resource that is
relatively available and major costs are only imedrin terms of labour costs. If say about 60%
of sandstone is used to replace the polymer m#tar the costs of obtaining a kg of composite
would be about R11.2. Comparing the amount of tleeenexpensive polyester resin to that of
the composite made from a mixture of the resin sadstone we can reliably say that the
sandstone reduces the price of the polyester fegimbout 55.2%, which is one aim the
composite strives to achieve. Again the cost o&ioirtg a kg of diorite is estimated at R4 while
that of the cornstalk fibre is estimated at R1. Thst of obtaining the corn stalk is so low
because corn is a staple food here in the soutlegiion of Africa and obtaining the cornstalk
comes at almost no cost. Table 5 shows the pegemast saved in_using the relatively cheap
fillers.

The water based-acrylic resin on the other handesoat a price quite higher than those of the
polyester resin. The cost of obtaining 15kg of d@leylic resin is about R400, which means a kg
costs about R27. Although the use of the sand dtibeereduces the cost of the acrylic resin by

about 53.7% for a 50% loading of the sandstoneretatively cheaper cost of the sandstone-
polyester composite leads one to opt for a mord effective composite materials whose

properties is not compromised. This means thas#melstone-polyester composite would be the
best choice in terms of cost effectiveness. Fursémates are given in table 5.
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Table5: percentage cost saved in the use of different fillers at various amounts of thefiller

Resin Filler type (percentage added)
type — .

Sandstone Diorite Cornstalk fibre

0 20 50 0 50 60 0 20 30
Water- |0 18.5 46.3 0 0 0 0 0 0
based
acrylic
polyester| 0 18.4 46 0 42 50.4 0 19.2 28.8
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CHAPTER FIVE: CONCLUSION AND RECOMMENDATION

5.0 Conclusion

This research has lead to the following conclusid¢ims cornstalk-polyester composite of all the
composites studied, has the highest moisture cbraed moisture content increases with
increase in the cornstalk fibre added. Also theitdiepolyester composite was found to have the
lowest average moisture content. This means thgeptr-diorite composite is the preferable
choice in terms of the moisture absorption propeftythe composite materials, since results
obtained showed it had the least average moistargent of all the different composite

materials.

Again the cornstalk-polyester composite was foumchave the poorest dimensional stability
since its dimensions changed much more than thbgdeoother composite materials. The
sandstone-polyester and sandstone-water basedcamyhposites were found to have the best
average dimensional stability, as dimensions ofcthraposites changed only slightly. However
the sandstone-polyester composite was found to dre glimensionally stable. This means the

polyester resin is a preferable choice of matrixemal, for the production of the composites.

Finally, application of the composite materials vi@sed mainly on the obtained properties of
each of the composite materials. Designs madesirélsearch include, wall tiles made using the
sandstone-polyester composite (this was based @odd dimensional stability and low average
moisture content), artifacts made using the colkdiare, and table tops were designed using
the diorite as fillers. The cost of obtaining th&edent fillers used varies depending on their
availability. The cost of obtaining the cornstailler is quite lower than the cost of obtaining the
other filler materials, however the propertiested tornstalk fibre as filler material as mentioned
earlier limits its application. The cost of obtaigithe sandstone on the other hand was found to
be lower than that of the diorite filler this isdaeise the diorite is not as abundant as the

sandstone.

Thus based on the entire study, the sandstonehbagéatest potential as filler material and the

polyester is the preferred choice of matrix materia
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5.1 Recommendation

In this research time was a limiting factor thahibited the understanding of a number of
observations. One area that could be looked intthh@dsmechanical properties of the different
composite materials as such, future studies shéodds on determining the mechanical
properties of the composite materials to determihere the different composites would be most

applicable and under what conditions.

Another area that could be looked into is the aspethe surface morphology of the different
composite materials and how it affects their ovgpadperties. Surface morphology should be
done to determine the difference between the sairfaorphology of the moisture absorbed
composite specimens to that of the dry composiexisgen, particularly in terms of voids,
porosity, swelling, absorption in micro-crackingdadisbanding around filler. Therefore, studies
of the composite surface topography would provitial wnformation, .on-the level of interfacial

adhesion that exists between the filler and theirmat

Furthermore, suggestion is that the water usedh®moisture absorption test be analyzed for
the ion content and their role in the rate of diftun of moisture in the different composite

materials should also be evaluated.

Interestingly today, there is no limit to the typenatural fiber available to man, and natural
fibers have been proposed as potential replacetoetie overly used synthetic fibers. This is
because researchers are coming up with resultspthat to the fact that many natural fibers
posses properties that supersede those of synfiitetis. Hence researches should focus on
developing methods that improve the quality of ratéibers and how they can be applicable in
developing composites with exceptional propertidsile ensuring that these developments are

cost effective.

Finally a look into the thermal stability is progaolsfor future studies to determine how the

composite materials would expand or contrast uhdgr or low temperature conditions.
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