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ABSTRACT

The investigation of hybrid composite has been garahted and high structural performance
for composite and thus it gain has attraction bynynaesearchers. The paper presents
fabrication and analysis of mechanical propertie®xtile waste/glass fiber hybrid composite
material. In this study, the primary work was fahted a new class of general purpose resin
(resin GP) based on hybrid reinforced compositesl ly recycle woven textile wastes fabric
composite for lower structural application and laated with chopped glass fiber hybrid
composite.In this work composite materials were fabricated by hand layngihod and
pressing strategy. Five samples were prepared whigure resin, textile waste fiber only
layer by layer (T/T/T), textile waste/glass fibextile waste layer by layer (T/G/T), glass
fiber/textile waste/glass fiber layer by layer (@%) and glass fiber only layer by layer
(G/GI/G). The mold was prepared locally in the whiks for test sample preparation. The
specimen was cut from the manufactured test agyaeithe ASTM standard for mechanical
properties test such as tensile test, flexural, tespact test and micro hardness test.
Comparatively effect of textile waste fiber strdmgted was observed and that created
composite essentially advancement in mechanicgepties from pure resin composite such
as tensile strength was improved by 31.1% and nusdafl elasticity was increased by 38.3%.
Flexural strength of sample G/T/G is 95% greatantfrom separated composite of T/T/T.
The flexural modulus of the pure resin is giveass4GPa. The flexural modulus of G/T/G
is showed 32.63GP#&uring impact test, the strengthened textile wakibsic decreased by
18.6% with increasing glass fiber content in conieosvhile stiffness at the same time
decreased. G/T/G is the highest water absorbeddchygomposite sample because of have
high void content while the smallest water absorpis G/G/G composite in the salty water.
When the submersion time of composites is expandedoteworthy amount of water
absorbed; coming about within the swelling of theer until the cell walls is saturated with

water.

Keyworks: Recycle Waste textile, Hybrid Composite, Mechanaperties, Fiber, Resin,
Optical Microscopy.
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CHAPTER ONE
1. INTRODUCTION

1.1. Background of research

Straw in clay developments by Ancient Egyptiansaagainly one of the most seasoned and
most broadly utilized composite materials. Requirgfd renewable fiber reinforcement
composites has expanding within the last decadéurdlafibers offer both cost saving and
reduction in density when compared to glass fiberspite of the fact that, the strength of
natural filaments is not as great as glass fibws, particular properties are comparable.
Common natural fibers such as cotton, kenaf, asdthve the capacity to create a great bond
between thermoplastic binder polymers. Recentlyproon fibers have also been utilized in
exterior composite components. Car makers have besminated by coordination natural
fiber composites into both insides and outsidesplaaised on use of natural fiber fabrics were
reported by El Messiry M. E. (2013).

Composite item contains two or more materials iz diverse properties, where one serves
as a matrix or binder material and the other adoeiementThe properties of the composite
are strong, light weight, corrosion resistant, weesistant, and attractive in appearance
(Youssef, H. A. et al. 20)1The essential capacities of matrix are to hbklfiber to create a
certain shape. Other than, the functions of theirmate moreover exchanged stress between
the reinforcing fibers and secured them from meahrand environmental harm. The
function of reinforced fibers phase in matrix ispiraved the mechanical properties such as
strength, stiffness etc. Fundamentally three mgjpes of composite materials assigned as
per the matrix material utilized. The lattice fabcan be metallic, polymeric or can indeed be
ceramic. When the matrix could be a polymer, thenmusite is called polymer matrix

composite.
The roles of the matrix in a fiber-reinforced corspe were to (Mallick P.K., 1946):

» Keep the fibers in place,

* Transfer stresses between the fibers,

* Provide a barrier against an adverse of the enwiemt, such as chemical and
moisture, and

» Protect the surface of the fibers from mechaniegrddation (e.g., by abrasion).



The matrix plays a minor role in the tensile loadrging capacity of a composite structure.
However, selection of a matrix has a major inflleepa the compressive; inter laminar shear
as well as in-plan e shear properties of the coiteasaterial. The matrix provides lateral
support against the possibility of fiber bucklingder compressive loading, thus influencing
to a large extent, the compressive strength ottdmposite material. The interlaminar shear
strength is an important de sign consider actiorstnuctures under bending loads, whereas

the in-plane shear strength is important underdoad loads (Mallick P.K., 1946).

1.2. Polymer matrix materials

A polymer is characterized as a long-chain molecuoletaining one or more rehashing units
of molecules, joined together by strong covalemdso A polymeric material (commonly

called a plastic) may be a collection of a huge Ipemmof polymer molecules of similar

chemical structure (but not equal length). Polynagesdivided into two wide categories, such
as thermoplastics and thermosets are utilized asxmmaaterials for the composites. Some of
the major preferences are low densities, greabsmm resistance, low thermal conductivities,
low electrical conductivity, translucence, and e¢&gt color effects and restrictions are low
transverse strength and low operational temperattxamples of polymeric matrixes are
(Mallick P.K., 1946):

Thermoset polymers:

» Epoxies: principally used in aerospace and airegafifications

» Polyesters, vinyl esters: commonly used in autoveotimarine, chemical, and
electrical applications.

* Phenolics: used in bulk molding compounds

» Polyimides, polybenzimidazoles, and polyphenylgualime : used for high-

temperature aerospace applications (temperatuger&s6C-400C).
Thermoplastic polymers:

* Nylons (such as nylon 6, nylon 6,6), thermoplagtityesters (such as PET, PBT),
polycarbonate, polyacetals: used with discontindines's in injection-molded articles

» Polyamide-imide, polyester ether ketone, polyswdfgrolyphenylene sulfide,
polyetherimide : suitable for moderately high tenagpere applications with

continuous fibers.



1.3. Metallic matrix materials

Metal matrix composites are had some attractivgpgmees, when compared with natural

matrices. These include:

» Strength maintenance at higher temperatures,
» Higher transverse strength,

» Better electrical conductivity,

e Superior thermal conductivity,

» Higher erosion resistance etc.

However, the major drawback of metal matrix comgassis their higher densities and thus
lower particular mechanical properties comparedpobymer matrix composites. Another

eminent trouble is the high-energy requirementianufacture of such composites.
1.4. Ceramic matrix materials

Ceramics are known for their high temperature stesd, high thermal shock resistance, high
modulus, high hardness, high erosion resistanat,J@m density. However, they are brittle
materials and have low resistance to crack propagawhich is showed in their low fracture
toughness. The essential reasons for reinforcirgramic matrix are expanded its break
durability (Mallick P.K., 1946).

Structural ceramics utilized as matrix materials d@ categorized as either oxides or
nonoxides. Alumina (Al203) and mullite (Al203-SiO&)e the two most commonly utilized
oxide ceramics. They are known for their thermadl @hemical steadiness. The common
nonoxide ceramics is silicon carbide (SiC), siliautride (Si3N4), etc, since ceramics had
poor properties in tension and shear, most appitatas reinforcement is within the

particulate form (e.g. zinc and phosphate).

Fiber reinforced polymer composite is the most cammadvanced composites. These
composites consist of a polymer matrix reinforcethwhin diameter fibers. The reasons why
they are the most common composite include low ,cbsgh strength, and simple
manufacturing processes (Berghezan, 1966). In dadénd an application to this valuable
waste, in this present work an attempt has beererttadevelop a polymer matrix composite

(resin GP) using textile waste as reinforcement.

Textile reinforced composites have various applicest in engineering science in less
expensive materials, since 1970, textile reinforcethposites grew attention which lead to
3



many global researches. As a result, in the pasge3®d great attention has been given to
textile reinforced composites. The main reasonsmaich being they are light and inflexible

performing well beneath complex thermo-mechanicads, having high strength/weight

proportion or modulus/weight proportion having loexpansion and great damping

characteristics (Sadikoglu T.G. et al. 2003).

According to the study of Kim, S.J. et al. (2008)tton fiber has more entanglement and way
better interfacial holding happening between therimaand fiber than the wood fiber.
Subsequently, cotton fiber was found to have materdial to substitute glass in numerous
applications that do not require so much stackluéipaes. The cotton fibers can be getting by
the waste cotton fabrics which are collected fréwa textile industry. Distinctive strategies
and studies were carried out in arrange to utilime waste cotton fabrics. In spite of all the
advantages of utilizing natural filaments, a pwsithybrid effect of synthetic reinforcements
is required. By hybridization, it is possible t@lige a balance between the performance and
cost of the composites, which is gotten with a lginigpe of reinforcement. Examined on the
hybridization effect for the polymer matrix compesi are appeared that the properties of

natural filaments can be improved by making hylenchposite structures.
1.5. Characteristics of composite

Composite materials are as heterogeneous matedatssting of two or more solid phases,
which are in implied contact with each other oniaroscopic scale. They can be additionally
considered as homogeneous materials on a micrassogle in the sense that any portion of

it will have the same physical property (Van sulghel, 1972).

Properties of composites are strongly subordinatethe properties of their constituent
materials, their dispersion and the interaction mgnthem. The composite properties are
exceedingly influenced by volume division of thenstituents may associated in a synergistic
way coming around in improved or predominant propsr Separated from the nature of the
constituent materials, the geometry of the reirdorent (shape, measure and measure
conveyance) influences of properties of the contpasiincredible extent. The concentration,
dispersion and orientation of the reinforcementecffthe properties. Composites were
consisting of one or more discontinuous stagesf@reiement) implanted in a continuous
stage (matrix). The shape of discontinuous stagéscli may be circular, cylindrical, or
rectangular cross-sanctioned prism or platelets), measure and size conveyance (which

controls the surface of the material) and volumasdin decided the interfacial zone, which

4



plays as critical role in extent of the interactibetween the reinforcement and matrix
(Agarwal B.D. et al. 1980).

Concentration, ordinarily measured as volume ogttedivision, determines the contribution
of the single constituent to the generally progsrtif the composites. It is not only the single
most critical parameter affecting the properties tbé composites, but also an easily

controllable fabricating variable utilized to chanits properties.
1.6. Classification of composite materials

Composite materials can be classified in severaysw@Agarwal B.D. et al. 1980).
Classification based on the geometry of a reprasigatunit of reinforced was supportive
since it is the geometry of the reinforcement whechompetent for the mechanical properties
and high execution of the composites. A typicaksification is displayed in Figure 1.1. The
two wide classes of composites are:

» Particulate composites and

» Fibrous composites

1.6.1. Particulate composites

As the name itself shows, the reinforcement isigarhature (platelets are also included in
this class). It may be round, cubic, tetragonalplatelet, or of other customary or
unpredictable shape, but it was around equiaxedeireral, particles are not very successful
in improving break resistance but they upgradestiftness of the composite to a restricted
extent. Molecule fillers are broadly utilized inoped the properties of matrix materials to
modify the thermal and electrical conductivitiesprove performance at hoisted temperature,
decrease friction, increment wear and abrasiorsteesie, improve machinability, increase

surface hardness and diminish shrinkage.

1.6.2. Fibrous composites

A fiber was characterized by its length being moabre noteworthy compared to its cross-
sectional measurements. The measurements of théonmiment decide its capability of

contributing its properties to the composite. Fidgnts are very effective in making strides the
break resistance of the matrix since a reinforcdrnaming a long measurement discourages
the growth of beginning cracks typical to the rensEment that might something else lead to

failure especially with brittle matrices.



Man-made fibers or strands of non polymeric malersplay much higher strength along
their length sine large flows, which may be presenthe bulk material, are minimized
because of the small cross-sectional dimensiorheffiber. Within the case of polymeric

materials orientation of the atomic structure ipetedable for high strength and stiffness.

Fibers, because of their small cross-sectional dgoes are not directly usable in
engineering applications. They are therefore, emdédn matrix materials to form fibrous
composites. The matrix serves to bind the fibegetizer, transfer loads to the fibers, and
protect them against environmental attack and dardag to handling. In discontinuous fiber
reinforced composites, the load transfer functiéntte matrix is more critical than in

continuous fiber composites.

Composite materials

N
|Piber reinforced CDﬂipDSitEI |Pa:1:il:le reinforced compcrsitel
: : W
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reinforced fiber reinforced
composite Laminates Hyvbrids
Unidirectional /
reinforcement /
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A orientation orientation
Bi-directional
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Figure 1.1. Classification of composite (AgarwabDBet al. 1980)

Natural fiber is subdivided, based on their roetg, plants, animals, or minerals. All plant
filaments are composed of cellulose whereas aniifpals consist of proteins (hair, silk and
wool). Plant filaments incorporates bast (or sterdadicate sclerenchyma) fiber, leaf or hard
fiber, seed, fruit, wood, cereal straw and othasgrfilaments. A diagram with a classification
of the different natural fibers was shown in Figr2. Over the final few years, a number of
analysts have been included in examined the espioit of natural fiber as composite

materials.
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Figure 1.2. Classification of natural and synthébers ( Azwa ZN et al, 2013)

1.7. Hybrid bio composite materials

Hybrid bio composites can be outlined by the coratiam of a synthetic fiber and natural
fiber in a matrix. Hybridization with glass fiberqvided a strategy moved forward the
mechanical properties of natural fiber composited #s effect in several modes of stress
depends on the design and construction of the csiegaJohn M.J. et al (2002).

The joining of several diverse types of fibers irdosingle matrix has driven to the
improvement of hybrid bio composites. The behawbrhybrid composites could be a
weighed sum of the individual components in whicéré is more favorable balance between
the inherent advantages. Also, using a hybrid cait@ahat contained two or more types of
fiber, the advantage of one type of fiber mightcbenplement with what are missing within
the other. As the consequence, a balance in caspariormance can be achieved through

proper material design.

The concept of hybrid systems improved materiadtarctural performance is well-known in
engineering designs. However, it is the motivafimm natures’ possesses materials that are
recently motivating the way towards inventive matleand structural designs. Considered on
characteristic materials appeared how high basécwion can be accomplished with non-
exotic materials through hybrid combination assewbh optimized hybrid various leveled
setups were detailed by John M.J. et al. (2002).



In spite of the fact that hybrid fiber strengthemediymer composites are gaining interest, the
challenge was replaced customary glass reinfortastigs with bio composites that display
basic and functional stability during storage asd and yet are susceptible to environmental

degradation upon disposal.
1.8. Research motivation

Composite is considered to be any multi stage dadibaimework that shown a combination of
properties that makes the composite superioedéah of the constituent phases. This criterion
has provided the main motivation for the reseamt advancement of composite fabric
around the world. Different constituents phase stey own properties and hybridize with
another phase to improve the properties of companiterials. Textile waste material was
selected for this research work because of resocavedability around us and in garment

industry.
1.9. Significance of research

Each year, due to fabricate process of industctiViies; wide run of wastes produced within
the world. This not only poses a danger to the renment but also represents wastes of
valuable assets. Hence, in later decades, mos$teoéfforts have been conducted to reusing
and reutilization exercises to diminish waste malkgwtilized to save a modern asset. One of
the waste materials is textile wastes. As a reduliese improvements material strengthened
composites have been an important elective foctmyentional engineered materials in low
structural application (interior car body, kitcheabinet, furniture, etc). Therefore, the
important of this study is reduce the usage of n@w materials, decrease cost of materials,

and improved mechanical properties of composite.
1.10. Statement of problem

Nowadays, increasing a new row material cost araftape of supply because of these
problems, increased emphasis has been placed atodeng recycling techniques of waste
product, with the goals of protecting the enviromtélowever, relatively little investigation
was conducted from waste textile fiber produce@dmmosite material and most these waste

products are destroyed by fixing or buried undargth

In this work, a new product produced from the itextvaste spin by changed twisted strand
for manufacturing 3D woven preforms in order to edetine its usefulness as a new

composite material and analyzed their mechanicatatteristics. In addition, this work is
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aiming to contribute for the scarcity of literaturBextile waste cotton is used in blanket
factory for blanket and carpet mat production imi&pia. Therefore, this study added the

value of textile waste application and hybridizeithviiber glass improved those properties.

1.11. Objectives of research

1.11.1. General objective

The major objective of this research is to fabecahd analysis hybrid composite material

from textile waste fabric and glass fiber reinfanent based on polyester as a matrix.

1.11.2. Specific objectives
The specific objectives of this research are to:

» Fabricate new class of resin GP based hybrid ceitgsoreinforced with oriented
glass fiber and twisted textile waste fabrics;

» Evaluate mechanical properties such as tensilagitre flexural strength and impact
strength;

* Analyze the influence of fiber content on the neeubal behavior of the composites
and

* Analyze the microstructure of the composites usiptical microscopy
1.12. Scope of Research

This research work is to manufacture textile wéstierid glass fiber composite materials and
analyze tensile, impact load and flexural strengting nonwoven web to change twist strand
for manufacturing 3D woven be used in compositeenmt Table 1.1 depicted the sample

size and the fiber contents in the matrix.

Table 1.1. Numbers of fabricating sample

Number of samples Sample type
1 Pure resin
2 -TITIT-
3 -TIG/T-
4 -G/TIG-
5 -G/G/C-

Not@&:textile waste, G-glass fiber



1.13. Research methodology

The composite plate was fabricated by hand lay-ephod. Raw materials of textile waste

and glass fiber based on unsaturated polyester aesiused specimen preparation.

Textile waste is a material that is deemed unushbilets original purpose by the owner.
Textile waste can include textile industry wasteeated during fiber, textile and clothing

production, and consumer waste, created duringunesuse and disposal.

Chopped strands are produced by cutting contingtvaad s into short lengths. The ability of
the individual filaments to hold together duringadter the chopping process depends largely
on the type and amount of the size applied duribgrfmanufacturing operation. Strands of
high integrity are called “hard”. These mats areed mostly for hand layup moldings and
provide nearly equal properties in all directionsthe plane of the structure (Mallick P.K.,
1946). E-glass fiber is used in this present wdrkybrid composite. E-glass has the lowest

cost of all commercially available reinforcing filse

Unsaturated polyester resins can be formulated varity of properties ranging from hard
and brittle to soft and flexible. Its advantages law viscosity, fast cure time, and low cost.
Although this allows easier release of parts frdre tmold, the difference in shrinkage
between the resin and fibers results in unevenedsmns (called sink marks) on the molded
surface. The sink marks are undesirable for exteximfaces requiring high gloss and good
appearance. One way of reducing these surfacetdaeto use low-shrinkage (also called
low-profile) polyester resins that contain a theptastic component (Pickering K.L. et al.
2016). As curing proceeds, phase changes in themdpastic component allow the

formation of micro voids that compensate for thenmal shrinkage of the polyester resin.

Hand lay-up molding is the of laying down fabricade of reinforcement and painting with

the matrix resin layer by layer until the desirbitkness is obtained. The method is quite
simplest; there is virtually no limit to the sizEtbe part that can be made higher fiber content
and longer fibers, low cost tooling, room tempemateure resins are used and simple

principle. Figure 1.1 represents the process planstudied of this research.
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Prepared a mold
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trimmed excess materi
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Result and discussior

Conclusion and recommendation

Figure 1.3. Manufacturing process of sample

1.14. Limitation of the research

Although this research was carefully prepared,ehsere some limitations. First, lack of
previous studies in this research area, literateweew findings is used as the foundation for
built upon to achieve research objectives. Secontlymulated the research aim and
objective, this is fabrication and analysis of neatbal properties. Thirdly, sample size,
sample size was small; this study in larger samsfe could have generated more accurate

results.
1.15. Layout of the research

In this section, an overview of the tasks involte@ccomplishing the overall objective of the
study and summary of the contents are given. Thaslks are described in detail in the

subsequent chapter.

11



Following the introductory chapter, comprehensiverdture survey has been laid down in
chapter 2, which described the raw materials, nigtlp@rameters and composite that is
relevant to this research (such as polymer matnmposite, natural fiber, textile waste fabrics

and hybrid composite).

Chapter 3 contains the material used in this rekedihe process including the preparation of
sample and methods which is hand-layup technigu¢hf® examined mechanical properties
of tensile strength, flexural strength, impact &remicro hardness and for water absorption
properties and for surface micro structure weresgpecimen prepared according to ASTM

standard.

The data have been collected, analyzed and thesemterd graphically in chapter 4. This
chapter also discusses the experimental data téthhteoretical data, which was calculated
using the rule of mixture in chapter 2. The beshufactured sample of this research is
compared with other researcher’s results. Finatignclusion and recommendations are

presented in chapter 5.
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CHAPTER TWO

2. Literature Review

Literature review is carried out to get the backgm information on the issues to be
considered in this research work and to focus ¢levance of the present study, in addition to
present a thorough understanding of different aspafcnatural fiber polymer composite with

a special awareness to their fabrication and mechigoroperties.
2.1. Natural Fibers Composite

Gassan J., (2002) studied the effects of fiberimatdhesion and fiber properties on the
fatigue behavior and for study used ware made @f, fland jute yarns and woven as
reinforcements for epoxy resins, polyester resms golypropylene. All of the fatigue tests
were achieved on a servo-hydraulic MTS test machihe research shown due to difference
in fiber fine structure and surface morphologyndigant differences in composite damping
ware were measured between unidirectional flex arid epoxy composites, with an
approximately, two-fold increase in damping for tflex-epoxy composites. Damage
propagation was quite similar for both types of paosites; the influence of textile structural
design was examined by use of unidirectional andemnaeinforced jute-epoxy composites.
Critical load for damage initiation and load int@ilire was lower and damage propagation
was more rapid for the composites based on wovérforeements, fiber strength and
modules were found to influence the critical load damage initiation, the rate of damage
propagation and the load at failure in unidirectioflax-epoxy composites. Increasing
mechanical fiber properties increases the critioal and the failure load. While damage
propagation was reduced; composite damping wasceedwith increasing fiber volume
fraction below and above the critical load for dgmanitiation, with comparable rates for

damage propagation.

Mishra S. et al. (2003) studied the mechanical @rigs of pineapple leaf fibers
(PALF)/glass and sisal/glass fiber hybrid polyestemposites which are tensile, impact and
flexural properties as a function of relative weiffactions of the two fibers (total fiber 25
w.t % and 30 wt.% respectively). In addition tisttsisal/glass hybrid polyester composites
of sisal fiber were fiber treatment, fabricated andchanical properties was assessed. The
effect of glass fiber hybridization on water absimp tendencies towards the biofiber-

reinforced polyester composite was studied. Theispns of composites were prepared in
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the laboratory and used hydraulic press. The &nsilpact and flexural properties of PLAF
and sisal reinforced polyester composites were rgbde to have improved by the
incorporation of small amount of glass fiber in gaecomposites, shown positive hybrid
effect. Among the different chemical modificatiook the sisal fibers, 5% alkali treatment
produced optimum tensile and impact strength wltl@noethylation resulted in the
maximum increases the flexural strength. It was alsserved that water absorption tendency
towards composites decreases by the process ofdilpgiion and surface treatment of
biofibres. The SEM micrographs of tensile fractuspécimens reveal that glass/alkali-treated
biofiber-polyester hybrid composites were shown tdvetfiber-matrix adhesion over

glass/untreated biofiber-polyester composites.

Kalaprasad G. et al. (2004) evaluated the tensidpepties of intimately mixed sort sisal/glass
hybrid fiber reinforced LPDE as a function of fiblength and various surface chemical
modifications on the fiber as well as the matriXhe composite was prepared the fibers
mixed with slurry of LPDE used toluene as the sotyéhrough a ram type hand extruder then
exerted pressure by compression mould. The filbggthewas increased the tensile length and
young’'s modulus ware increased and also chemicalifroation was improved fiber-matrix
compatibility through mechanical anchoring, phykiaad chemical bonding. Furthermore,
Rong M. Z. et al. (2001) studied the effect of filbeatment on the mechanical properties of
unidirectional sisal-reinforced epoxy compositewHs presented a treatment of sisal fibers
which increase fiber strength and adhesion betweefiber bundles and the matrix, while an
overall improvement of mechanical properties (emlyc tensile properties) of sisal

laminates.

Junior C.Z.P et al. (2004) studied the tensilengfite of ramie-cotton hybrid polyester resin
matrix composites, as a function of the volume tfaac (52%, 56%, 72%, and 83%) and
orientation of the ramie fibers (longitudinal O amansverse 90) ware made by compression
molding. The fibers were used threaded classife@.20 and 3.10. Composites with 45% of
ramie fibers were shown an increase on the tessigagth over the bare polyester resin of up
to 338%. Neither the fabric nor the diameter of tthead was utilized a critical part within
the tensile properties of the composites analybetlwas dominated by volume division of
ramie fibers with fibers introduction. Cotton hadn@or reinforcement effect was attributed
to the week cotton-polyester interface as well @sr gotton alignment. The ramie fiber was
disposed transversely to the test direction hadleterious effect on the tensile behavior of

the composites.
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The mechanical properties and physical propertieshaiural fibers vary considerably
depending on the chemical and structural compawsitiiber type and growth conditions.
Mechanical properties of plant fibers are much loa@mpared to those of the most widely
used competing reinforcing glass fibers (Table.2.1)

Table 2.1. Mechanical properties of natural filesssompared to conventional reinforcing
fibers (Taj S. et al. (2007)

Fibel Density | Elongation (% Tensile Strengtl Young's
(g/cnT) (MPa) Modulus (Gpa)

Cotton 1.51.€ 7.C-8.C 287-597 5.E-12.5

Jute 1.3 1.5-1.8 393-773 26.5

Flex 15 2.7-3.2 345-1035 27.6

Hemp 1.6 690

Ramie 3.6-3.8 400-938 61.4-128

Sisal 15 2.0-2.5 511-635 9.4-22.0

Coir 1.2 30 175 4.0-6.0

Viscose (corc 11.4 59: 11

Soft Wood Karal | 1.5 100C 40

E-glass 2.5 2.5 2000-3500 70

S-glass 2.5 2.8 4570 86

Aramid (normal) | 1.4 3.3-3.7 3000-3150 63.0-67.0

Carbon (standard)| 1.4 1.4-1.8 4000 230-240

Many fibers such as jute, ramie, hemp, sisal, jate,were examined as the nature fibers in
polymer matrix composite. However, cotton fibers &8 considered as the promising fiber

compared to traditional reinforcements.

Kim S.J. et al. (2008) studied the mechanical prige of polypropylene (PP)/cotton fiber
composites were compared with those of PP/wood fioenposites. The wood and cotton
fibers were dried in an oven before used. The BRiral fiber and compatibilizer were mixed
in a plasticorder used a rotor speed of 50 rpnV&tQ for 10min. Then, the obtained mixture
was compression molded at 2@0for 20min, the composite was prepared. According
study, the tensile strength depends on the weglketiof the composites and the interfacial
interaction between PP and wood fiber is weak, témsile strength of the PP/wood fiber
composites decreases to increase wt% of wood filbbéraever, the tensile strength of the
PP/cotton fiber composites was displayed diffefeghavior. With the addition of 10 wt%
cotton fibers, the tensile strength decreasedwiithit the addition of 20 and 30 wt% cotton
fiber it increased because of the entanglemertietbtton fibers, as confirmed by the SEM

micrographs.
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Ahmed K. S. and Vijayarangan S. (2008) studied dffect of hybridization of glass and

layering sequence effect on tensile, flexural artdrlaminar sheer properties of woven jute-
glass fiber hybrid composite. Samples of hybriditeates were prepared by simple hand lay-
up technique in a mold at laboratory temperatuiezotding to the study, layering sequence
significantly affects the flexural and interlamirstrear strength. For the same relative weight

fraction of jute and glass fiber, layering sequelmas little effect on tensile properties.

Ramesh M. et al. (2014) prepared banana fiberariatl epoxy composite and mechanical
properties of these composite was evaluated. Tineposite samples of different volume
fractions were prepared by using the hand lay-upgss and applied pressure in room
temperature. The result shown Table 2.2, the bafiares exhibited excellent mechanical

properties

Table 2.2. Experimental findings of the composémples (Ramesh M. et al. 2014)

Samples Tensile Flexural Impact
strength (MPa) strength (MPa) strength
(joules)
40% banana fiber+60%epoy 108.42 71.28 8.62
resin
50% banana fiber+50% epoy 112.58 76.53 9.48
resin
60% banana fiber+40% epoy 98.3 66.18 11.22
resin

Ramesh M. et al. (2013) evaluated mechanical ptegesuch as tensile and flexural
properties of hybrid glass fiber-sisal/jute reimi@d epoxy composites and the result was
compared. The samples of hybrid composites werpapee by hand lay-up technique.
Therefore, the jute/glass fiber reinforced polyro@mposite is holding the maximum flexural
load slightly higher than sisal/ glass fiber renckd polymer composite and the failure
morphology of the tested samples was examined iog (BEM. From the results, sisal/ glass
fiber reinforced polymer composite performing befte tensile loading and jute/ glass fiber

reinforced polymer composite performing betterffexural loading.

Shah D. U. et al. (2014) evaluated various meclarpooperties of nonwoven and plain
woven silk fiber composite. According to this stullyoven composites performed better than

nonwoven composite shown in figure 3.2.
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Figure 2.1. Nonwoven (solid line) and plain wovebtted line) silk composite subject to
tensile and flexural loads (Shah D. U. et al. 2014)
2.2. Recycled Natural Composite

Stuart A. et al. (2001) studied reuse of wasteilesxivhereby carpet fibers were utilized to
reinforced polyethylene, the method of compoundifighe carpet fiber-LDPE composite
material was carried out on a single-screw extrudign a vent stage using 32 L: D ratio
screw and different temperature profile and weieddat 66C for more than12h. Increasing
the fiber loading increased the tensile moduluge BEM results confirm that was improved
interfacial compatibility and interactions resultedm the addition of the compatibilizer. The
composite materials containing of compatibilizerrevgorovided improvements in tensile
strength and strain values except PE-g- maleic éudyy compatibilizer. The water
absorption and strength properties of compositeevimrestigated by Sadikoglu T. G. et al.
(2003). Matrix material was prepared by mixing ufeanaldehyde resin, ammonium sulfate
and flour in a weight ratio of 100:5:10 consecuyivd’ET wastes were sunk in this matrix
first and were immersed thoroughly by the matrixtenial. After squeezing, were laid in a
mould and closed, then applied 700N pressure wesaped a composites. The new textile-
reinforced composite absorbs less water than fa@band medium density fiberboard was
compared, and also the specific bending strengtieinew composite less than fiberboard

and medium density fiberboard.

Dobircau L. et al. (2009) studied characterizatddnrmechanical and thermal properties of

100% of cotton fiber as reinforcement of wheat flbased thermoplastic matrix was prepared
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by extrusion method. Fiber contents in the compd3¥, 5%, 10% and 15%. Fiber content in
the matrix shown does not change the thermal #talbil the composites. Tensile modulus
and stress at failure increased as a function b#r fcontent increase and a fiber loading
beyond 10% w/w was decreased. The increment of Gbetents, given a good dispersion of

the fibers in the matrix which resulted in a got@ss transfer between the interfaces.

Bakkal U.et al. (2012) studied the effect of remsging on the mechanical properties of the
waste fabric reinforced composites; it processed lsystom-made recycling extrusion. Two
different (12.5% and 25% fibers by weight) wastbri@s reinforced composite plates were
produced and reprocessed six times to assessedtiospeffect of processing on the
mechanical and rheological properties on platesd Also effect of fiber orientation was
studied. Then, experimental results introducedsikenstrength of the composites was
increased with the number of reprocessing stepgatize improvement dabric dispersion
and decreas®f the void volume. On the other hand, tensile rgjite of low density
polypropylene was found to decrease consequentlyepysocessing. Optimum mechanical
properties were obtained at the 3rd reprocessey fstir 12.5 wt% composites and at the 4th
reprocessing step for 25 wt% composite materiahalch strength of the polymer was found
to be drastically decreased from 450 to 194kJamd from 450kJ/Mmto 122kJ/m by the
addition of 12.5 wt% and 25 wt% cotton fabrics,pesively as a result of agglomeration of
the fabrics. In addition, reprocessing steps brbagbonstant decrease in impact strength of
both polymer and composites. The effect of orieémtabn the tensile properties was shown
that the specimens parallel to the extrusion doadbtas maximum tensile strength compared

to specimens’ perpendicular to extrusion direction.

Alamri H. and Low I.M. (2012) studied a mechanigabperties and water absorption
behavior of recycled cellulose fiber reinforced xeypaomposite with different fiber contents
(19, 28, 40 and 46) wt%. The composite sample pegphy initially pre-drying the paper
sheet for 60min at 7, and immersed in epoxy resin system and aftr #poxy soaked
sheet were laid down in a closed silicone mouldenr82kPa compressive pressure and left
for 24h at room temperature. According to the stullg flexural strength, flexural modulus,
fracture toughness and impact toughness tests fware to increase as the fiber contents
increased. And also, the water absorption was wédeto increase with increase fiber
content. Because of this, flexural strength, flakumodulus and fracture toughness was
decreased due to the degradation of bonding afiltbe matrix interface. However, impact

strength was found to increase slightly after watesorption.
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Bodur M.S. et al. (2017) studied the effect of hgimation on the mechanical and rheological
properties of the glass fiber/waste cotton fabeicfiorced hybrid composite. According to the
study, waste cotton fabric and glass fiber havéebétterfacial bonding between them and

increase the effectiveness of glass fiber on thehargcal properties.

Kocak D. et a.l (2008) studied the composite stmesd produced using high density
polyethylene (HDPE) polymer with silk and cottonsteas reinforcement fibers in different
ratios. Cotton and silk wastes were mixed in theraf HDPE/silk or cotton waste 100/0,
97/3 and 94/6. This mixture was prepared with detdgrewed extruder. Addition of 3% and
5% cotton and silk fibers to HDPE polymer increadbd elasticity module value of
mechanical characteristics of the composite. Winenwaste textile fibers are compared to
each other, the elongation values of the compdsiteed from the addition of cotton fibers
are lower than those of silk fibers. When the motpbical structure of the composite
showed that the segments of silk fibers were claseach other. 1zod impact values seem to
decrease. Breaking faces has seen to have bigagappolar fibers hold nonpolar fibers

weakly as a result of which fibers are pulled duthe matrix.

When differential scanning calorimetry thermal gsal results is considered, the melting
behaviors of the composites differed due to theaide/o different waste fibers added to the
HDPE polymer matrix. When scanning electron micopsc (SEM) photographs were
analyzed, it was clearly seen that fiber has ndk avgpersed within the structure. As a result,
the existence of the waste fibers does not cori&itudurability. Elongation characteristic of
the composite made from textile waste is suitabtetie material with little elongation values

and can be considered to lead to a decrease ingirod costs.

Petrucci R. et al. (2015) studied tensile and tetigcharacterization of textile cotton
waste/polypropylene laminates by using jeans ditwet based flocks, coming from different
waste collection around 16%. The composite prodwetge prepared by using injection
molding. Their result showed that, tensile streragtid modulus are improved with respect the
neat PP matrix to 16% cotton fiber content;, alstigfe tasting up to 5000 cycles
demonstrated a limited amount of degradation dultragling at a maximum stress around

70% of ultimate tensile strength.

The teams of researchers Seong et al. (2006) igaésti the mechanical and thermal
properties of polybutylene succinate (PBS) biocositps reinforced with industrially
available waste silk fibers, fabricated with vagyifiber contents and lengths. Figure 2.2
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shows the microstructure of single filaments in t@aslk fibers. To investigate the waste silk
fiber length effect, the as separated waste diré ware chopped to approximately 25.4mm,
12.7mm, 6.4mm, and 3.2mm in average length. Thex fibntents used are 0, 20, 30, 40, and
50% by weight. The biocomposite molding was perfdnby compressed method. The
tensile strength was gradually increased with ticeeiase in the waste silk fiber loading up to
40 wt%, compared with that of the unreinforced P&ftrol. The decrease of the tensile
strength in 50 wt% waste silk/PBS biocomposite dae to insufficient filling of melted PBS
matrix resin into such a high fiber loading. Thexiliral properties were gradually increased
with the fiber loading up to 40wt. %. With the atiloh of 50wt. % waste silk fibers, the

flexural properties were somewhat decreased.

Figure 2.2. Scanning electron micrograph of sirfiggenent in waste silk fibers (Seong et al. 2006)

This is due to the insufficient filling of the mett PBS resin into the reinforcing natural fibers
during composite processing. The flexural resuffoaindicted that the strength of the
biocomposites does not significantly depend on heation of chopped waste silk fiber
length, whereas the modulus was more or less grdeata that reinforced with as-separated
waste silk without chopping. The glass transitiemperature, the storage modulus of all the
waste silk fiber-reinforced PBS biocomposites stddivas significantly greater than that of
PBS resin, especially in the higher temperatureioregThe storage modulus of the
biocomposite was increased with increase in thdihgpof waste silk fibers, and the greatest

value was obtained with the chopped waste silkréibef 12.7 mm length. The thermal
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stability of waste silk/PBS biocomposite was obedrio be intermediate between the PBS

resin and the waste silk fiber depending on therfdontent.

The mechanical and thermal properties of a sillkerfiolylactic acid (PLA) biocomposites
were studied Cheung H.Y. et al. (2008) throughedéht experimental approaches. Optimal
values, in terms of fiber length and weight conteh& mm and 5 wt. %, respectively, to
achieve the maximum microhardness of the bio coitggsvere obtained. The tensile
property test revealed that the modulus of elagtend ductility of the bio composite were
substantially increased to 53% and 39%, respeygtiva compared with pure PLA. Besides,
the glass transition temperature of the bio contpascreased approximately by 10%. SEM
image also showed that good interfacial bondingveen the silk fibers and PLA matrix was
achieved, which reflected a good wettability of ttesin during injection and extrusion
process was resulted. This bio composite, made ibgtlegradable silk fibers and PLA
together, to produce its strength and thermal lghahs better than the host polymeric

material for tissue engineering applications.

And also the teams of researcher, Tasdemir eR@l3) reported on the composite structure
obtained by mixing silk and cotton waste and reegdPA6 polymer was mixed. Silk and
cotton wastes were in fiber lengths of 1 mm, 2.5,rand 5 mm. The recycled PA6/silk and
cotton wastes were mixed in the rates of 97/3,aetsgely. There was an increase in the
elasticity modulus of the composite made up of PAmer/waste silk fibers. The amount of
the increase for the composite made up with thetiaddof 1 mm length waste silk fibers
especially can be explained in terms of attachnamhieved by the dimensional volume
increase. When tensile strength values were evaluiiere was no strength increase in either
fiber added to PA6 polymer. As silk fiber is strenghan cotton fiber, tensile values were
protected as before. It was known that tensilengtie of a composition mainly depends on
the intermediate structure. When hardness and immpact strength values are considered;
SEM pictures taken from breaking surfaces showeatestingly big gap. When mechanical,
thermal and morphological characteristics are amred, with the addition of waste cotton
fibers to the PA6 polymer and elasticity modulukiea of composite formed with silk fibers
increase and the composite formed in both fibergtntee demanded characteristics in

themselves.
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2.3. Chemical treatment

Natural fibers arehemically treated to remove lignin, pectin, waxypstances, and natu
oils covering the external surface of the fibel egdll. This reveals the fibrils, and gives
rough surface topography to the fiber. Sodium hyidi® (NaOl) is the most commonly ust
chemical for bleaching and/or cleaning the surfaicthe plant fibersThe primary objective
of surface treatments foratural fibers is to maximize the bonding strengtha: to enhance
the stress trasferability in the composite. According to trMwaikamboL Y. andAnsell M.
P. (2001) studied thdiber surface and fine structure due to chemicalatmer by
alkalization. Thereforethe fine structure of the native cellulose | toldeke Ilchanged by a

process of alkalization. The reaction of sodiumrbyaie with cellulose is shown in e.1).
Cell -OH + NaOH—Cell —O" Na" + H,0 + [surface impurities] (2.1)

Antoinette C. O'sullivan,(1997) studied a cellulose structure. Their reshlbwed tha
cellulose | is known to benetastable since it is thermodynamically less stabkntithe
cellulose Il polymorph. If the polymers were formseparately, andeparatel, it is likely
that cellulose 1l would be formed, instead, dug¢hie difference in stability. Aftedisbanding
and renewal, or swelling bilaOH, cellulose | is transformed to Cellulose Ihus, the
crystalline part of the cellulose in #enewed cellwsic fibers, such as viscose and lyoce

composed of cellulose II.

Figure 2.4shows a schematic strure of a natural fiber and Figure 2Besents the model
the structural organization of the three major ttrral constituents of the fiber cell |I
(Madsen, (2004).

Wax & Oil

Cellulose

(i) (ii)
Figure 2.3 Typical structure (i) untreated and (ii) alkatizeellulose fiber, (Leonardo Y. |
and martin P. A, 2001).
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Secondary wall S;

Secondary wall 53

Microfibril angle
Cellulose crystalline
microfibrils

Secondary wall 5,

Cellulose amorphous
microfibrils {consists
of lignin and
hemicelluloses)

Lignin
Hemicelluloses

Cellulose

Figure 2.5 Structure organizations of the three major ctunstits in the fiber sell we (Kabir
M.M. 2012)

Compositions of natural fibeiare cellulose, hematluloses, and lignin shown irigure 2.5

and their properties werdso shown in Figure 2.
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Strength 4 Moisture absorption ,
Crystalline cellulose Hemicellulose
Non-crystalline cellulose Non-crystalline cellulose
Hemicellulose + lignin Lignin
Lignin Crystalline cellulose
Thermal 4 Hemicellulose UV degradation 4 . .
. gnin
degradation C‘ellglose Hemicalkiloss
Lignin Non-crystalline cellulose
Crystalline cellulose

Biological 4 Hemicellulose
degradation | Non-crystalline cellulose
Crystalline cellulose
Lignin

Figure 2.6. Properties of cellulose fibers andrtHependence on chemical constituents (Mei-
Po Ho et al. 2012)

Torres F.G. and Cubillas M.L., (2005) studied theeifacial properties of sisal reinforced
polyethylene composite by means of the single fexgation test. The specimens were
prepared by compression molding. In this work, toeated fiber improved by 23%

compared from untreated fibers in 28015 min. Qualitative improvements in interfacial
shear strength for the treated specimens with otdpethe untreated ones were confirmed

from SEM fractographs observations.

Mwaikambo L. Y. et al, (2007) studied mechanicabparties such as tensile, impact and
shear properties of hemp-fiber-reinforced euphortwenposite through alkali treatment.
Consequently, the untreated composite low hydrgrytips exhibited highest impact strength
followed by alkalized high hydroxyl group composite

Li X., et al. (2007) discussed different chemicabdifications such as alkali, silene,

acetyletion, benzoylation, acrylation, maleatedpdiogg agents, isocyanates, permanganate
and others on natural fibers composites. In thigere paper, chemical treatments can
increase the interface adhesion between the fib@maatrix. Therefore, chemical treatments

can be considered in modifying the properties o@irad fibers.

The team of researchers, Liu L. et al. (2009) dised the jute/PBS (poly (butylenes
succinate)) biocomposites and the effects of sarfaodification of jute fiber treated by 2%
NaOH, 2 + 5% NaOH or coupling agent on mechanicap@rties. According to this study,
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surface modification by alkali or coupling agentlbcan improve the mechanical properties
of biocomposites because of that surface modificatian improve the compatibility between

jute and PBS, leading to less microvoid and fibBERIeboning in the interface region.

Kabir M.M. et al. (2012) discussed the influencetiod mechanical properties of natural fiber
composites through different chemical treatment ankview recent research works related
to different aspects of natural fibers and theimposites. This team of researchers, to
concluded chemical treatment is an essential psawgsarameter to reduce hydrophilic
nature of the fibers and thus improves adhesiom Wit matrix. Pre-treatments of fiber
change its structure and surface morphology. TalBesummaries the recent results of the

effect of alkali treatments for the mechanical #refmal properties of composites.

Table 2.3. Summarized the recent results on tleeedf alkali treatment on the mechanical
and thermal properties of composite (Kabir M.Maket2012)

Fiber matrix| Applied treatment Results on mechanicaReferences
composites methods and thermal properties
Flex/epoxy Alkali treatment 30% increase in tensile X., et al. 2007
strength and modulus
with the removal of
pectin
Sisal/polyester 0.5%, 1%, 2%4% alkali treatmentlLi X, et al. 2007
4%, 10% NaOH reported maximuJ:
treatment at roomtensile strength
temperature properties

Hemp non-woven mg
with euphorbia resin

t0.16%, NaOH for
48h

doubled the
strength properties wa
found compared if
elastic modulus to th

Tensile strength wa
increased by 30% an
shes

cal. 2007
\r
1S
N
e

untreated fiber
composites
Jute/vinylester 5% NaOH for 4,|64 h alkali treated Ray D. et al. 2001
and 8h composite  accounted

20% and 19% increase
with reaction time

>2d
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Sisal/polycaprolactonel0% NaOH for| Increased in elasticCyras VP et al. 2004
1,3,24 and 48% | modulus with the
increased with reaction

time
Hemp fiber 8% NaOH Thermal stability) Ouajai S. and Shanks
treatment increased by 4% Ra. 2005
Coir/polyester 5% NaOH Flexural and impactPrasad SV., et al.

treatment for 72h | strength was increased 983
by 40% with respect to
the untreated fiber
composites

2.4. Factor affecting mechanical performance of natal fiber composites

The major factor affecting mechanical performantaatural fiber composite products are
selection of fibers and matrix, orientation of fibedispersion of fibers, interfacial strength,
manufacturing process of composites, and porosdgeweported by Pickering K. L. et al.
(2016).

2.4.1. Selection of fibers

Fiber types are commonly classified based on itsc&s animal, plant or mineral. Cellulose is
the major structural components of all plant fibensimal also consists of protein. Although
in minerals exists of asbestos group. Asbestdsei®nly in nature placing long mineral fiber.
Six mineral have been classified as asbestos imguchrystotile of the serpentine class and
those belonging to the amphibole class: amosiie, ®enerally, Shan DU et al. (2014)
presented much higher stiffness and strengthslaeened with the higher performance plant
fibers than animal fibers. An exception of silk, ielih can have very high strength, but is
comparatively expensive, has lower stiffness andess readily available and annual
production and much higher moisture absorption.

Table 2.1 shows some natural fibers and a glass fitpes. It can be seen that ramie, aramid
fiber are having highest strength and modulus arstating natural fibers although it should be
confirmed that much variability is seen in the ritieire. Commonly, Abdollah M.. et al.
(2015) presented the fiber selection is based asor@ably priced and availability rather than
systematic approach. For example, flex fiber comgnased in Europe, whereas jute, hemp,

sisal and kenaf have been much interest in Asiaakkdke fiber is also mostly used in New
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Zealand for structural application due to good na@dtel properties and availability were
presented by Pickering K.L. et al. (2016).

2.4.2. Selection of matrix

Matrix is very crucial part of fiber-reinforced cqosite products. It provides a barricade
against bad environments, save the surface ofibleesffrom harmful mechanical abrasion
and it transfers load to fibers. The most commortrices presently used in NFCs are
polymeric as they are light weight and can be jpradtat low temperature. Holbery J. et al.
(2006) reported both thermoplastic and thermoskhpers have been used for as matrices for

bonded a natural fibers.

Summerscales J. et al. (2010) presentedt of the natural fibers used for reinforcement i
natural fiber composite are thermally less than ZDQalthough under some situation it is
effective for them to be processed at higher teatpes for a while time. Resin and fiber are
selected in accordingly with typical propertiesgqugement of application, availability and
cost. However, it should be distinguished thattbie@moplastics named constitute the mainly
thermoplastics used by the plastics industry antleme outweigh the use of any other
thermoplastic matrices commonly used. CertainlyaR& PE are the two frequently adopted
thermoplastic matrices for NFCs. The foremost thesets used are unsaturated polyester
(UP), phenol formaldehyde, epoxy resin, and VEn®sihermoplastics are capable of being
frequently softened by the application of heat hadiened by cooling and have the potential
to be the most easily recycled, which has seen thwst favored in recent commercial

uptake, whereas better realization of the fibepprties are completely using thermosets.
2.4.3. Orientation of fibers

Herrera-Franco PJ and Valadez-Gonzalez A. (2006ljet the mechanical behaviors of short
henequen fibers as reinforcement and a polyethyéen@ matrix composite. Their study
reveals that the greatest mechanical propertiea somposite depend primarily on fiber

orientation, but the adhesion between the fiberthadnatrix is also important.

Joseph PV. et al. (1999) prepared sisal fiber oecsfd with polypropylene composite by
melt-mixing and solution-mixing methods followed bytrusion. Their result showed that
fiber orientation was essentially plays an impdrtate in the composites. Shown in Figure
2.7 and 2.8 are effect of fiber orientation on denstrength and Young's modulus of PP/sisal

composites, respectively.
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Figure 2.7. Effect of fiber orientation on tenssteength of PP/sisal composite (Joseph PV. et
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Figure 2.8. Effect of fiber orientation on Youngisdulus of PP/sisal composite (Joseph PV.
et al. 1999)

Alternatively, conventional textile technique obdrs can be engaged including spinning
make possible a continuous yarn to be formed. Heweas the name recommend, this does

involve a degree of fiber twist. Aligned fiber yaroan also be produced by wrap spinning, a
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technique used since the 1970s in the textile imgukere short fiber can be changed to a
continuous form through the use of a continuousnstrwrapped around discontinuous fiber
with sufficient frequency to provide the requiradeigrity for consequent processing. The
continuous fabric can be from the similar type dfef as the short fiber or can be
thermoplastic and form the matrix material througlompression molding (CM).
Thermoplastic fiber to be transformed to the mat@ax also be used associated in the yarn

direction to act as support for the natural fiber.

Carpenter JEP. et al. (2007) studied deformatidraier of composites reinforced with four
different linen flax yarn structure¥herefore, research comparing aligned fiber yaitn w
conventional twisted yarns for flax epoxy compasiteas confirmed improved tensile and

flexural strength and stiffness with unidirectiogafn.
2.4.4. Dispersion of fibers

Pickering K.L. et al. (2016) reported fiber dispers was identified as a major factor
influencing the characteristics of short fiber casipes and a particular challenge for NFCs,
which commonly have hydrophilic fiber and hydroplwomnatrices. Use of longer fibers can
more increase their tendency to agglomerate. Gibed dispersion promotes good interfacial

bonding, reducing voids by ensuring that fibersampletely surrounded by the matrix.
2.4.5. Interfacial strength

Pickering K.L. et al. (2016) reported interfaciainging between fiber and matrix plays a
critical role in determining the mechanical propet of composites. Since stress is
transmitted between matrix and fibers across therface, good interfacial bonding is
necessary to achieve optimum reinforcement, althpitgs possible to have an interface that
is very strong, permitting crack propagation whitdn decrease toughness and strength.
However, for plant based fiber composites thenmegailarly limited interaction between the
hydrophilic fibers and matrices which are commdmygrophobic leading to weak interfacial
bonding reducing mechanical performance as welbasmoisture resistance affecting long
term properties. For bonding to happen, fiber aradrin must be carried into close contact;

wettability can be considered as an essential pgecto bonding.

Chen P. et al. (2006) studied the influence ofrfivettability on the interfacial adhesion of
continuous fiber-reinforced PPESK composite. Tretirdy reveals thainsufficient fiber

wetting results in interfacial defects which caha&s stress concentrators.
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2.4.6. Manufacturing process of composites

Adrian P. P. and Gheorghe B. M. (2010) reporteduimction of composite constructions,
those can be divided in two categories, which amainates (which have layers bonded
together) and sandwiches (which are multiple-laytructural materials containing).
Composites creation have numerous forms, someeoiffnibst imperative forms are hand and
automated tape lay-up, extrusion, injection, comgm molding, and fiber winding. Factors
determining properties incorporate temperature,giteiand speed of processing. It is
conceivable for fiber degradation to happen in ¢eegemperature utilized is too high, which
limits the thermoplastic matrices utilized to thos&h melting points lower than the

temperature at which degradation will happen.

In hand lay-upResins are impregnated by hand into fibers whiehimthe form of woven,

knitted, stitched or bonded fabrics. This is uguattcomplished by rollers or brushes, with an
increasing use of nip-roller type impregnators ffcing resin into the fabrics by means of
rotating rollers and a bath of resin. Laminates lafeto cure under standard atmospheric

conditions.

2.4.7. Porosity

Porosity is one of the most common defects founcbimposite parts. The porosity is caused
by inadequate tooling, incorrect lay-up and curecpdure. The presence of porosity can
degrade structural strength depending on the exedt location of the porosity in the
composite component. Bo Madsen et al. (2009) stugaosity and stiffness on plant fiber
composite. They reported that porosity is a comehefiect and manifest part of all composite
materials due to the combination and consolidatibtwo unlike materials phases which are
fibers and matrix. It is well documented that thaimcauses of influencing the mechanical
performance of composites. Placing of air duringcpssing, incomplete wettability of fibers,
lumens and other vacant space within fibers/fiherdbes (which may become closed during

processing at high pressure) are low ability oéffto condense.
2.5. Summary of reviewed of literature

Generally, many researchers have addressed intréeeades in the mechanical performance

of NFCs. Therefore, natural fiber-based composieectosely linked to their tensile, flexural

and impact properties. The majority of researchesd focused their studies on three

properties of the natural fibers as well as thdégparance of the composites system. Natural

fibers were chemically treated to remove coverifhgxternal surface. This paper explored the
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technical properties of a new product produced ftioentextile waste to change twisted strand
for manufacturing 3D woven preforms in order to edetine its usefulness as a new
composite materials and analyze their mechanicalacieristics to convenient production of
eco-design methodology, based on recycling theléewaste which are extremely abundant
in Ethiopia. In addition, this work is aiming torgabute for the scarcity of literature. Textile

waste cotton is used in blanket factory for blarded carpet mat production in Ethiopia, but
the application of this study will add the valuetexktile waste materials by hybridizing with

fiber glass.
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CHAPTER THREE

3. MATERIAL AND METHODOLOGY

3.1. Materials

Material selection is the key and significant stépsthe structural or mechanical design
process. If the material selection is not done ergp the design may show poor
performance; may require repeated maintenanceirrepaeplacement; and in the extreme
cases, may fail, causing damage, injures or lo§3es material selection process has need of
the understanding of the performance requiremehtthe structure or component under

consideration.
3.1.1. Matrix materials

Many materials when they are in fibrous form revealy good strength properties but to
attain these properties the fiber must be bondea fyitable matrix. The matrix separates out
the fibers from one another in order to avert abraand formation of new surface flaws and
acts as a connection to grip the fibers in placgoAd matrix should possess competency to
deform facilely under applied load, transfer thadoon to the fibers and evenly distribute
stresses concentration. A study of the nature oidimy forces in laminates indicates that
upon initial loading there is a tendency towards dldhesive bond between them account for

the high strength properties of the of the lamisate

The polymer matrix joined the fibers together sa@asransfer the load to and among them
and defend them from environments and handlinginrResthod used to engender advanced
polymer matrix composites (PMCs) are two rudimentaypes, thermosets and

thermoplastics. Polyester is one type of thermpsbtmer used as a matrix.
3.1.1.1. Unsaturated polyester resin

The resin GP (TOPAZ-1110 Phthalic Anhydride) aréraarely versatile in properties and
application and has been popular thermoset usdtegsolymer matrix in composite; it's also
called ‘resin GP’ supplied by World Fiber Glass aNdter Proofing Engineering. It has high
mechanical properties due their low shrinkage asldtively unstressed structures. The
chemical nature of epoxides viz., polar hydroxydl @ther groups present causes outstanding
adhesion to a variety of materials. Low shrinkaghier assists in formation of a strong and
relatively unstrained adhesive borResin systems exhibit prodigiously high resistanze t

alkali and good resistance to acids and solvettagdtexcellent electrical properties in excess
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of a range of frequencies and temperature. Theyadneirable insulating materials having
high dielectric strength, arc and tracking resiséaThe cured resin frameworks for the most
part display great dimensional soundness, warmdmss, and resistance to most organisms.
They are self-incredible dampness hindrances demated low water ingestion and

dampness transmission.

Table 3.1. Physical properties of resin (al@5Source: (Industrial chemicals and Resin Co.
Ltd (Technical data shegt)

Properties Values Unit

Glass type E

Appearance Pinkish viscous liquid

Coupling agent Silane

Viscosity 57¢ Cps
Specific gravity 1.15 glcc
Filament diameter | 11 Microns
Add value 23-28 Mg/koh/gm
Styrene conte 3848 % weight
Flash poini 34C Centigrad
Storage stability 4 Months
Peak Exotherm 150-165 Centigrade

Table 3.2. Mechanical and physical properties datecured state Jource: Industrial

chemicals and Resin Co. Ltd (Technical data 9heet

Properties Pure resin | Reinforced | Unit
Glass content 33% % weight
Specific gravity | 1.2 1.4t glcc
Tensile strength | 50 80 N/mm*
Tensile modulu | 300¢ 600C N/mnv
Elongation (Mn | 2. 2 %
Flexural strength | 80 120 N/mmn?
Flexural modulus| 3000 6000 N/mm?
Volume shrinkageg 7 %

Heat Distortior| 75+E Centigrade
Tem.

Barcol hardne: 4C 45

3.1.1.2. Hardener

Hardeners (TOPAZ-1110 TP; Thixotropic hardener)amost always necessary to make an
epoxy resin useful for its intended purpose. Withbardener, resins don't accomplish
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anyplace close the noteworthy mechanical and ctarmpioperties that they would with the
hardener. It is used as strengthener and moishgerlaer in the composite by mixed with

ratio of resin. It is supplied by World Fiber Glassd Water Proofing Engineering.
3.1.2. Reinforcing fibers

Mechanical properties of the manufactured compssite represented by reinforcement and
matrix properties, as well as the interfacial goetween them. Fiber reinforced polymer
receives considerable demands in structural apggicaautomotive, recreation, and sport
tool, as well as furniture and aerospace. In thiskwiextile waste fabric and glass fiber

materials were utilized in composite fabrication.
3.1.2.1. E-Glass fiber

Composite materials are a critical lesson of malerivhich are presently accessible to
mankind in huge amount. In recent years, numerdassgfiber-reinforced composite

materials are broadly utilized within the aviatimmd car businesses (Mathapati, et al. 2014)

Glass fibers are among the most versatile induistrégerials known today. They are readily
produced as row materials, which are availableirtually unlimited supply. They display
valuable bulk properties such as hardness, traespgr resistance to chemical assault,
stability, and dormancy, as well as desirable fip@perties such as strength, flexibility, and
stiffness. Chopped E-glass type was used for sapnglparation as showed Figure 3.2 and
chemical compositions are showed in Table 3.3,m#nufactured by Binani Industries

Limited and supplied by World Fiber Glass and W#&ofing Engineering.

Figure 3.2. Chopped E-glass fiber
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Table 3.3. Composition of E-glass fib&aurce:Industrial chemicals and Resin Co. Ltd
(Technical data shept

SiO, 52-62%
Alkaline oxides (Na0O,, K;0) | <2%
Alkaline terrous oxides (Ca( 16-30%
MgO, ...)

B,O3 0-10%
Al,O3 11-16%
TiO, 0-3%
Fe0s 0-1%
F, 0-2%

Binani Chopped Strand Mat is made of randomly, gxnly distributed strands, chopped
from continuous Boron free “E” - glass fibers ild@mm length, bonded with “emulsion
binder,” possesses excellent surface bonding eff@i, mechanical properties are shown in

Table 3.4, and features are:

« [Easy air removal and rapid resin impregnation.
» Drapes well to suit the surface of intricate moulds
» Fasts wet-through and wet-out due to excellentestyisolubility of binder.
» Easy taking care of and way better appearancesafdmposite parts.
 Good surfaces holding and high strand integrity.n@@oous with Unsaturated
Polyester resins
Table 3.4. Mechanical properties of glass fitiwyrce:Industrial chemicals and Resin Co.
Ltd (Technical data shegt

Property Value Unite

Single Filament Tensil| 3,100- 3,80( MPe

Strength

Young's Modulus o] 80-81 GPe

Elasticity

Fiber Densit 2.62 glcc

Moisture content (% 0.20 ma

Softening Poir 91€ °C

Annealing Point 736 °C

Refractive Index 1.560 - 1.562 Oil
Immersion

Dielectric Strength 100 — 106 kV/cm
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3.1.2.2. Textile waste fabrics

In recent years, expanded emphasis has been ptacelkveloping reusing strategies for
industrial waste products, with the objectives abtecting the environment. However,
relatively little investigation has been conductedarding such a recycling system and most
of these waste products are destroyed by fixinguoning underground.

Textile waste is a material that is deemed unushblets original purpose by the owner.
Textile waste can incorporate textile industry wasreated during fiber; textile and clothing
production, and consumer waste, created duringuroes utilize and transfer. This wastes
textile collected and removed any dust particlesntinecycled to form a spin, this spin
changed to weave as shown in Fig®&. Debre Berhan Blanket factory in Ethiopia is
producing this form of textile waste material. Figu3.4 as shown, the fiber for equal

distribution in the matrix was prepared plain weavientations.

Figure 3.3. Recycled textile waste fabrics

Textile refers to materials that are made fromrBbéhin threads which are natural or made or
a combination. The fibers are spun into yarn amuh timade into fabric by diverse strategies
like weaving, knitting, and felting.

There are different types of fiber are found withuivertise (Mallick P.K. 1946) but all have
not same characteristics. The characteristics effitter vary depending on the source from
where it is delivered. Generally textile fibers atassified into two main types, natural fiber
and synthetic fiber (Figure 2.1).
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Cotton fiber is one of natural fiber. It has worlde popularity for its variety of use. Cotton
fiber is most used fibers for producing variouseymf fabric through all over the world

because cheep and available and also easily rébgcla
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Figure 3.4. Woven textile waste fabrics
3.2. Surface treatment of textile waste fabrics

Hydrophilic nature of fiber and hydrophobic natwe matrix are the major problems of
natural fiber composite. The characteristic incstesicy between these two phases comes
about debilitating bonding with the interface. Cleath treatments for reinforcing fiber can

reduce its hydrophobic tendency and hence maldestdompatibility with the framework.

Several studies have been conducted to move forfilbed adhesion properties with the
matrix through chemical treatments. The treatmennétural filaments by sodium hydroxide
(NaOH) is broadly being utilized to alter the ctlkic molecular structure. Goda K et al.
(2006) was detailed that plant base treatmentltofjla concentration promotes a distortion of
individual microfibrils by breakage of interlockingydrogen bonds and evacuation of
hemicelluloses from the fiber. The absence of helhiloses causes slippage of cellulose
microfibrils, thereby importing a loosely bound ustture. In addition, the breakage of
hydrogen bonds to make numerous dynamic hydroxyiches that increment the fiber’s
hydrophilicity and this truth hypothetically leatts advancement on water assimilation that
can cause increment in fracture strain of excedglimgpncentrated alkali-treated fiber
composites. Besides, the young’s modulus of alketed fiber composite diminished

compared to that of untreated fiber composites.r@ibee, for this study NaOH chemical is
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usedfor bleaching and/or cleani dust particle, oil and greaske surface of plant fiber

This reveals the fibrils,ral gives a harsh surface struc to the filaments.

Figure3.5. Fiber soaked with NaOH solution

Recycle textile wastevere soaked in beakers contag NaOH concentrations as sho
Figure 3.5 and placed for B4 The fibers were theremoved, washed with distilled water
three times to neutralize excess sodium hydroxglsh@wnFigure 3.6.The strands were
that point dried by daylight for 3 days to evacuate watel This treatment is used to redt
the surface tension of ajliid in contact with fiber surfa (wettability). Previous worlon this
related analysis the chemi concentration seem® be enough in order to achieve
considerable fibetreatmentduring standard processing operations X.j et al. (2007),
Mwaikambo L.Y. et al. (2007Ray D. et al. (2001 Prasad SV., et al. (1983

Figure3.6. Treated fiber (Clean site)
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3.3. Mold

The mold is used for shaped the product. In ordehave a smooth or appearance on the
surface of the created goods, the mold surface awereshould have the respective wrap up.
The outer surface of the product to be smoothdtbanold likewise, and also the inner side
of product has to be smooth the mold is done oveurach mold. The mold should be free

from defects, since the imprint of any defect Wwél composed on the product.

Generally, a mold should be utilized for making gmments utilizing the lay-up process to

place the layer in or on in order to get the dessieape.
3.3.1. Mold preparation

Metal plate is used as a mold. The size of flatepiga as follows: 400 mm in length, 300 mm

in width and 4mm depth are shown in the photogdigure 3.1.

Figure 3.1. Mold for making composite plates
3.4. Release agent

Release agent is used preventing a matrix stiokinghe mold such as wax. But some other

release agents used in industry are:

* Plastic sheet
e Spray releases
* Release films and

* Internal mold releases (added to gel coat or r®@stem)

Release agents are usually used to prevent otheriais from bonding to surface of molds
or tool in a separate designated area as they camasa contaminate if accidentally

incorporated into the composite lay-up.
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3.5. Preparation of composite specime!

Within the display ramination composite materials are created by hkay-up. The
composite laminate consist number of layers in which glass fibers and te waste fiber
layers are placed alternatively until we obtainuiesd thickness. The realizing agenaced
on the mold which is wax tavoid the adherence of laminate on mold. R&fhand hardener
are blendedwithin the weightratio 10:1 and kept for a minut&hen a layer of matrix i
applied tothe wax in a particular direction. Later alternatlayersof textile waste and gla:
fiber are placed. Themayer is squeezed by using roller br for escaping aibubble (‘hand

lay-up method’).

The composites werarranged four distinctive compositions of weighogwrtion of glass
fiber and textile waste fabri. The distinctive compositiornsf fibers weight are measuras

shown in Table 3.5.

Resin GP Catalyst

" 4 Meashring ges

cvimder

‘@

brush

Figure3.7. Materials used for preparing composite
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Figure 3.8 After cured the resin rolled for releasing bubdel for equadistributicns of resin

In this study, developed hybrid composite condishee components which are matrix, gl
fiber and textile squander fabric. Geetanjali Dad Sandhayarani Biswas, (2016) detailed
real density ) of the composite is deteined experimentally by simple water submers
method. However, hypothetical density of compositgerials in terms of weight fraction

calculated utilizing the following equatic

_ 1
ct—w W,
f P Wm
/pf+ Pt /pm

p (2.1)

Where, W ang represent the weight fraction and density respelsti The suffix f, m, p an

ct standor the fiber, matrix, particulate filler and therapositematerials resyctively.

According todesignation of ASTI-D2734 — 09void content of a reinforced composite v
significantly affected some of its mechanical pmigs Higher void contents usually grea
susceptibility to water penetration and weatheringd increased variation or scatter
strength properties. The knowledge of void conterdesirable for estimation of quality
composites. Measuringensity wa found by using in water immersed the sample spectm

read increased level of volur

y="2L"Pm w100 (2.2)

Pct

Where,V void content, volume %, anp,, measuring density
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Table 3.5. Weight percentage, density and voidexdnif composite

Composition | Textile | Glass Matrix Composite | Measured | Void
waste fiber %Wt density density content
fabric %Wt (pe=glen®) | (pm=glcn™) | (%)
%Wt

Pure resin - - 100% - 1.2
TITIT 15% - 85% 1.15 1.13 1.74
TIGIT 10% 10% 80% 1.21 1.17 3.31
GITIG 8% 23% 69% 1.31 1.23 6.11
G/GIG -- 44% 56% 1.49 1.48 0.67

Glass fiber
composite plat
(GIGIG)

G-44%
T-0%

Figure 3.2. Prepared composite plates (G-glass, fib&extile waste)

3.6. Mechanical tests

Mechanical properties of natural fiber-reinforcedlymner composites are commonly

characterized tensile, flexural, impact strengtld drardness tests. It was presented by
Rahman M. A. et al. (2015).
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3.6.1. Tensile test

Tensile testing is one of the more fundamentaktéstdecide stress-strain relationships. A
basic uniaxial test comprises of gradually pullengest of fabric in tension until it breaks.
Test specimens for tensile testing are for the rpast either circular or rectangular with
bigger closes to encourage holding the test. Temsdt was performed in order to determine
tensile strength and young’'s modulus according 6892-1.

The normal testing strategy is to deform or extdvedfabric at a steady speed. The specified
load that must be connected to realize this digplent will shift as the test proceeds. Amid
testing, the stress within the test can be caledlat any time by dividing the load over the

cross-sectional zone.

o=/ (2.3)

The displacement within the test can be measurediyatirea where the cross-sectional zone
is consistent and the strain calculated by takimg &lters in length and dividing it by the

initial or introductory length.
e= AL/LO (2.4)

Engineering material properties that can be foundhfeasy tensile testing incorporate the
elastic modulus. These values are regularly cdledldan tension experimentation and

compared to published values. The tensile test mads appeared in figure 3.11.

00,1
IR

90,0

=—20,0—=

—=30.0—

S
&

1.8

Figure 3.3. Tensile specimen
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Figure 3.4. Universal tensile testing machine

Specimens for tension test were carefully cut ftbenlaminate using optimum quality wood
cutting band saw machine and finished to the atew&e using angle grinding machine;
12,000 rpm. The geometry of the test specimen shawn in Figure 3.12.

Figure 3.5. Tensile testing specimens

3.6.2. Flexural test

The test method determined the flexural property gtdss fiber/textile waste hybrid

composites was performed using three-point setegprdance with ASTM-D790: Standard
Test Methods for Flexural Properties on Unreinfdremd Reinforced Plastics and Electrical
Insulating Materials. Flexural tests were performethg Hydraulic Universal Amsler Testing

Machine a load cell of 25 KN at a constant rat®.6fmm/min.
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Figure 3.6Universal bending te machine set upAmsler product
Thirteen esting specimens were cutl91 mm length; 160 mm span lengthd 1. mm width
as shown Figure 3.18he specimen were loaded in three point bending thie suggested
span to dept ratio of 4D as shown figur3.15. Flexural strength and flexural modulus w
calculated using equatioB.€) and (2.6), respectively (ASTM-D790).

_3PL

Flexural strength =

MPa (2.5)

L3

_m
Flexural modulus th3MPa (2.6)

Where P is the maximum load applied on test specifNgnL the support span (mm), bt
width of specimen tested (mm) the thickness of specimen tested (mm), and m thesbf

tangent to the initial straight line portion of tbeeflection curve (N/mrmr

- 19t

A 4

Figure3.7. Dimension of flexural test specimen
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Span L/h = 401

Figure3.8. Flexural test configurations

Figure3.9. Flexural testing specimen
3.6.3. Impact Test

Pendulumtype hammers testing machine m¢ EKE MAT 20 wasused in thezod impact
test exerted of fullscale 3J, striking velocity of pendulum is 3.8m/s, angle fall of

pendulum is 120and maximum permissible loss of frictiis 0.5%.

Figure 310. 1zod impact test machine (ISO 9001:2000)
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The specimen was locatedthe testing machir precisely. Tie specimen is held inflexibly
a vice type fixture with the notched side in frafitthe path of impaciThe centerline of th
notch must be within the ne of the vice top inside 25 mn®nce the specimen win
placedthe hammer is released fronspecificheight and allowed to strike the specimen |
rupturing it at the vee notclthe impact test specimens are prepared acg to the require
dimension following the ASTI-A370 standard; length 55mm, width 10mdepth 4mm an
45 V-notch of 3 x 5mnin shown Figure3.18.

Energy Absorbed in joules
Width of notched face xLength below the notched

Izod Impact strength (KJ/th= (2.7)

Figure3.11. Impact specimens (ASTM-A370)
3.6.4. Micro hardness test

In micro hardness testing,space is made on tltested by a squateased pyrami diamond
indenter through the application ofload P (Figure 3.19-a)The measurel of the resultant
space is measured with the assistance of a caditical magnifying instrument, and 1
hardness is assessed as the cruel stretch coniunder the indentemeasure used Vicke
hardness test. Minimuracale value the optical micimeter is 0.hm (source: machine’
manual).

HV= constant x test force/surface area of inde

136°

HV= 0.102x2f (sin—-)/d (2.8)
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Figure 3.12. Micro hardness test: a-instrumentugpet-specimen

3.7. Water absorption

The water absorption tests of textile waste/gléssr freinforced polyester composites were
done as per ASTM 570 by immersion in tap watettysahter and distilled water at room
temperature; having measurements of 20mm x 20mmmm.4The specimens were dried in
room temperature and measured the weight and tsskibefore immersed in water tank. The
composites are submerged for 230h in tank but Ry iPderval are measured by used
analytical precision balance (Figure 3.13). Comigosamples were immersed in a water bath
during a time period until the saturation was reachThis process was repeated, to weigh the
specimens regularly over 10 days of water immersibme rising value was calculated

by using equation (2.9).

. Final weight—Original weight
Water absorption (%) = g & &

Orginal weight x 100 (2.9)

Figure 3.13. Analytical precision balance
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Four distinctive test types of composites produrdraged for testing of thickness walling. It
is calculated agreeing to ASTM-D570 by utilizinguatjon (2.10) in three conditions such as
in tap water, in salt solution and in distilled eat The rate of thickness swelling was
evaluated by:
T,—T,
T, (t) = 100 x[%] (2.10)
0
Ware T is the percentage of thickness swellifigis the thickness at a tinteandTy is the

initial thickness at = 0.

Figure 3.14. Water absorption specimen dimensid@il(-D570)

0 A
o ="

Figure 3.15. Water absorption specimen

3.8. Optical microscopy

Optical inspections were performed using Huviz HR-3eries Magnification shown in
Figure 3.23. It is used to magnify flat polishedtsm byreflected light mode theesults are
shown inFigure section 4.4yhere the reinforcing fibers can be clearly distiisged from the

matrix and some small defects (voids) were observed
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Figure 3.16. Optical microscopy

3.8.1.Sample preparation for optical testing
I. Specimen mounting

Preparation for optical testing wimount thesamples in a thermoplastic -pressed resin

(Figure 3.24-a)This providesa hard, easilypolished surround to the specir.
II. Grinding the mounting surfa

The obverse side is then prepaby hand under running water on a series of abrasiperp
from grade 280, 400, 60020C until the surface is freef major defects and the fibi are
clearly visible under a loypower microscop From this stage onwards extreme cleanline

necessary and the specimen shou ultrasonically cleaned at each stage.
[1l. Polishing

Next, the grinding and polishing of the specimeias werformed via standard metallogra
techniques to achieve a fine smooth surface fdrirgc For uniform polishing, the grind

consisted of a rotating wheiel shown Figure 3.Z-C.
IV. Etching

After polishing, samples ware etchfor 10min by ethanol (C4CH,OH) with HCI (50:1. It

is ready for viewing in microscof
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Figure 3.24. Specimen preparation process for apisting: a-mounting (high temperature
mold), b-mounted specimen, c-polishing, d-opticaroscopy
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CHAPTER FOUR

4. Result and discussion

4.1. Mechanical test analysis

Mechanical properties of composites such as fléxstrangth, tensile strength, and impact
strength have been investigated and also discusBeel. mechanical properties of the
composite are primarily depending on fiber content.

4.1.1. Tensile test analysis

The tensile test is one of the most commonly useskessing strength of materials for
illustrations metal, polymer etc. Amid this testsgecimen is pulled, or put in tension in a
gradually increasing load until it breaks. The tlenstrength is calculated from the load in
Newton (N) required to break the test bar dividgdtb cross sectional range in square mm.
Coming about estimation is expressed in Nfmiffthe tensile strength is the most extreme
load a part can withstand before breaking.

The tested results of tensile strength and modaiasdepicted in Table 4.1 and graphical
representation of tensile strength and Young's redaf textile waste/glass fiber resin-based
hybrid composites are shown in Figures 4.2 and #e4pectively. Results showed the
hybridized, the tensile modulus properties of meain-based composite have been improved.

Table 4.1. Experimental Results for tensile testhgomposite

Samples| Sample 1l Sampl&ample| Load(KN) | Av. Tensile | Young's | Elongation
2 3 strength | modulus (%)
(MPa) (MPa)

Pr - -- 26.7 2.1 26.7 420 6.36
TITIT 31 37 36 3.24 35 581 6.2
T/IGIT 62 56 74 8.1 64 1011.1 6.33
GITIG 49 37 71 5.75 52.33 929.5 5.63
G/GIG 163 156 172 10.18 164 476 34.9

According to the tensile stress results, the efdégiass fiber on the tensile strength T/G/T to

G/T/G samples was decreased because of sample G¥ddGmore number of porosity.
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Similar trend, textile waste fabric composite (TIIis greater than 31.1% found from pure
resin composite. Sample G/T/G shown the smallestggtion value is 5.63% and not easily
permitted glass fiber layers emitted the matrie ll(KG/T composite. In this experimental test,
chopped glass fiber laminate outer layer to bespdled the inner layer of textile wastes was
broken shown in Figure 4.3. Due to this, the restiltensile strength of G/T/G was 18%

decreased than sample of T/G/T. Within the tensié, the most noteworthy value is glass

fiber as it were composite, the strength 164MPamweasured.

Figure 4.1. Ruptured specimens of hybrid compositesto tensile test load

200

180

160

140
120

100

80

64
€0 5233
40 26.7 23
-
0
Pr

T/T/T T/G/T G/T/G G/G/G

Tensile strength (MPa)

Compostion of composite materials G-glass fiber, T- textbeida

Figure 4.2. Tensile strength properties of hybodchposites
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Figure4.3. Rapture due to tensile load

Young modulus for T/T/Tand G/G/G compsite are recorded 581MPa and MPa,
respectively in showrigure 4.4. Glass fiber only composite is found the smallesting
modulus resulthis means glass fiber composmore flexible andess stifhess than textile
waste fibercan decrease the modulus of composite but increkwsgation at bre: In
according to hybrid composite, the same propextss be shown fi a change in yung
modulus with consequences glass fiber content evaluatintgnsile strength results.
However, the content aflass fiber is increased by %, but textile wastés decreased b5%

to produced T/G/T composite then young modulus increased by 74%.

s 1200 1011.1 929.5

S 1000 -

@ 800

2 600 >3 476

S 420 7o

8 400

= 200

(]

5 0

§ Pr T/T/T T/G/T G/T/G G/G/G
Compostion of composite material-glass fiber, Tiextile

fabric

Figure 4.4 Effect of stacking sequence censile modulusf composit:

54



4.1.2. Flexural test analysis

The flexural strength speaks to the most elevaies$s experienced inside the material at its
moment of burst. It is considered as stress angealgthe symbol. At the border of the object
of the interior of the bend (concave) the stredkbe at its most extreme compressive stress
value. At the exterior of the bend (convex) thessrwill be at its most extreme ductile value.
These internal and external edges of the beamroareaknown as the 'extreme fibers'. Most
materials come up short under tensile stress sonmeerecently they fail under compressive
stress, so the most extreme tensile stress vattiedim be maintained before the pillar or bar

fails is its flexural quality.

Table 4.2. Experimental Results for flexural tegtif composite

samples| Trial 1| Trial2| Trial 3 Load Deflection Av. Flexural
(N) (mm) flexural modulus
strength (GPa)
(MPa)
Pure 57.69 - - 50 37 57.69 45.54
resin
T/TIT 80.77 80.77 75 68.33 36 78.85 44.31
T/G/IT | 118.85| 138.46] 138.46 114.33 39.3 131.9 48.3
GITIG 184.62| 178.85 155.77 150 27.3 173.1 32.63
G/G/G | 188.38| 195.92 165.78 121.67 33.7 183.36 61.85

The numerical analysis pointed out important déferes between composites both for the
flexural strength and modulus of elasticity in sinolhable 4.2. Hybrid composites are very
important to achieve the requirement of materiald @s mechanical properties shown in
Figure 4.5. The glass fiber content increase fradfolto 23% the flexural strength is
increased from 131.91MPa to 173.1MPa but sampleTTI€ss void content than sample
GI/TIG because sample T/G/T is outer surface covieyagxtile waste fiber; it is more brittle
than glass fiber and initiated fracture propagati¥vioven textile waste fabric of 15% weight
fraction composite (T/T/T) is found 78.85MPa fleaustrength, 36.7% increased from pure
resin.
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Figure 4.5. Ruptured specimens of hybrid compositesto flexural test force
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Pr T/T/T T/G/T G/T/G G/G/G

Composition of composite materials (G-glass fiber, T-textile
waste)

Figure 4.6. Flexural strength properties of devetbpomposite
In flexural test, tensile and compressive stresevaduated at the moment of burst and glass
fiber is the highest tensile strength. Due to thidexural strength increased with increase a
content of glass fiber in composite.
Analyzing the flexural modulus of resin with tegtilvaste/glass fiber hybrid composite, as
shown in Figure 4.7, G/T/G sample is reduced byr45GPa flexural strength with the
reduction of 2% textile waste and addition of 13%sg fiber. Otherwise, there was an

increased flexural elastic modulus, besides oreamed deflection as shown in Table 4.2. The
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flexural modulus of the pure resin is calculateda$4 GPa. The flexural modulus of G/T/G
is shown 32.63GPa, it is smallest value becausawifg porosity, and this defect is initiating

of crack propagation.

© 70 61,85
O 60
~ 48.37
g so 45.54 4431 1
>
g 40 32.63
E 30
T
= 20
x
D 10
LL

0

Pr T/T/T T/G/T G/T/G G/G/G
Samlpe types

Figure 4.7. Effect of stacking sequence on flexaratiulus of composite
4.1.3. Impact test analysis

Izod and Charpy impact tests are common typessts tdilized to measure impact strength or
toughness; as a central both are comparative. Mpadt testing includes sharp blow to the
test specimen. A pendulum swings from a startistpdice against the test portion that's held
unbending in a clamp. Sharma P. et al. (2017)emtes the impact data cannot be utilized
for plan criteria and is only great for comparihg telative toughness of distinctive materials.
The impact recorded information is accommodatingamparing the toughness of a material

at distinctive temperatures and under diverse theat conditions.

Strength of the made composite materials, the ingohct test has been carried out. The
impact strength may be characterized as toughnesapacity of material to absorb energy
amid plastic distortion. In this test, Table 4.3idéed izod impact tested results of resin GP
matrix composites reinforcement with different volel divisions of textile wastes and glass
fiber hybrid composites. Pure resin composite & lanpact strength resistance than fiber
contents composite shown in figure 4.9. Textileyowasted woven fabric composite was
found 11.91KJ/rh
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Table 4.3. Experimental results for impact testhgomposite

Samples Trial 1 Trial 2 Trial 3 Energy | Average impact
absorbed | strength (KJ/rf)
Pure resin -- -- 73.2 2.05 73.2
T/TIT 98.2 108.93 128.6 3.13 111.91
TIGIT 92.9 114.3 92.9 2.8 100
GITIG 76.8 92.9 103.6 2.55 91.1
GIGIG 83.7 87.8 93.9 2.17 88.5

Figure 4.8. Ruptured specimens of hybrid compositesto impact load

To analyze the impact capability of the hybrid casipes, izod impact tests were carried out
and results are displayed in Figure 4.9. In acogrtio this composite, the highest and lowest
impact strength of T/T/T and G/G/G are found 11K and 88.5 KJ\f) respectively.
However, the strengthened textile wastes fabricedesed with increasing glass fiber content,
while stiffness at the same time decreased. Thi#ldexastes dedicate 5wt.% and addition
10wt.% glass fiber is found 100KHrwhen strength is decreased by 10.64% compared to
T/T/IT composite. Moreover, the hybrid showed a ffilseight of textile waste decreased
while glass fiber increased, impact strength waslaeed 91.1KJ/rh which is lower than
8.9% of T/G/T sample. Therefore, textile wastes posite T/T/T is higher energy absorbed
than glass fiber G/G/G composite as shown in tlguré 4.3 explored the strength
111.91KJ/m to 88.5KJ/m, respectively.
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Figure 4.9. Impact strength of textile waste/gléssr-reinforced hybrid composites

4.1.4. Micro hardness analysis

Figure 4.10 is showed the effect of fiber contemtloe micro-hardness test of composites. It
is showed weight rate of fiber within the hybridngoosite increments, the hardness of
composite increased. The composite of T/T/T is twgreahan 141.9%from pure resin
composite. Similar trend of G/T/G hybrid composiiesgreater than 99.3% from T/T/T
composite and 70% from G/G/G composite in hardnessresult. As shown in the figure
much affected glass fiber in hybrid sample betw&&WT and G/T/G which is 2wt.% textile

waste fiber decrease and 13wt.% glass fiber inerehardness tested result is increased

167.2Kgf/mnf to 304.2Kgf/mm, respectively.

Table 4.4. Experimental Results for micro hardriessng of composite

Samples Trial 1 Trial 2 Trial 3 A\(/E;i/?ﬁmli;/z
Pure resin 61 63.5 65.9 63.5
TITIT 172.8 147.4 140.5 153.6
TIGIT 137 140 136.7 137.9
GITIG 345.5 347.2 220 304.2
GIGIG 95.6 283.4 178.9 186
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Figure 4.10. Properties of micro hardness tesybfid composites
A graphical overview of the major mechanical prajesrof composite materials is showed in
Figure 4.11 The difference in densities indicates the voidteat. A good composite have
less void, while a poorly made composite have ahrhigher void content. Therefore, the
highest water absorbed composite is G/T/G sampaus® of have much void contents.

Table 4.5. Mechanical properties of developed caitpo

Tensile strength Flexural strength Impact  strength
(MPa) (MPa) (KJ/m?)
Samples types | ISO 6892-1 ASTM-D790 ASTM-A370
Pure resin 26.7 57.69 167.8333
TITIT 35 78.85 276.2
TIGIT 64 131.91 228.6
GITIG 65.7 173.1 226.8
GIGIC 164 183.3¢ 195.7667
300
250
< 200
£ 150 e
= /l/ —e—Tensile strength (MPa)
? 100
././ / —-Flexural strength (MPa)
50 -—— Impact strength (KJ/m2
0
Pure T/T/T TIGIT GITIG GIGIG
resin
Sample types

Figure 4.11. Average tensile and bending strength
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In table 4.6 is presented a closed relate previpajgers to compared with developed
composite materials of textile waste/resin GP sanipiT/T).

Table 4.6. Comparison of mechanical propertiedadecrelated with developed composite

close related

mechanical Cotton/Iso Glass | Cotton/P Sisal/PP developed
| properties| phthallic | fiber/cotton P composite

Polyester
TS (MPa) 26 10.92 31.9 23.8 35
T™M (MPa) 470.3 1960 2.11GPa 581
FS (MPa) 48 11.15 60.9 78.85
FM (MPa) 284.88 3.91GPa 44.31 GPa
Reference| Sabinesh Bodur M.S.| Petrucci | Jarukumjorn K &

S.etal, | etal,(2016)| R.etai, Suppakarn N.

(2014) (1015) (2009)

Note: TS-tensile strength; TM-Tensile modulus; ESdfiral strength; FM-flexural modulus
4.2. Water absorption test analysis

Figure 4.13-4.15 is appeared the effect of fiberapeters on the water retention of
composites with increment in immersion time. lolsserved from the figure that the water
absorption handle is sharp at the beginning aneldelvoff for a number of lengths of time
where it approaches to equilibriums in these tlo@®litions. Water assimilation in a natural
fiber strengthened composite is depending on teatpes, fiber loading, orientation of
strands, penetrability of fibers, surface assuramegjion of the uncovered surfaces,
diffusivity, void content, hydrophilicity of the dividual components, etc were clarified by
Jawaid et al. (2012). Fiber reinforced compositesiacreased water absorption than pure
epoxy resin plate. In this study, the highest watbsorbed composite is G/T/G hybrid
composite while the smallest water absorption 8/G/ composite in the salt solution. This
will be due to more prominent number voids inside tomposite. It is consistent with the
truth that water molecules are able to construawitipin the voids, leading to an increment in
the water absorption of composite. Furthermoreteiasing water absorption of the hybrid
composites at prepared of G/T/G composite theléextastes fiber covered by glass fibers
can be attributed to poor compatibility betweerefitoshown in Figure 4.3 since of this more
water assimilation properties is appeared in hylkondposite (Figure 4.17). T/G/T hybrid
composite in distilled water media is the highesiter absorbed. In tap water media less

factor on composite water absorption than saltydistilled water media.
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Figure 4.12. Water absorption test (a-tap watesalbsolution water and c-distilled water)

Table 4.7. Water absorption testing in tape water

Composites
Time(h) Measured Pure resin| T/T/T | T/GIT | GITIG | G/GIG
(Pr)
Thickness (mm 5.3 5 6.5 5 3.2
0
Weight (g) 3.018 2.7595| 3.9052 | 2.9901 | 2.3537
Thickness (mm 5.3 5.1 6.5 5 3.2
24
Weight (g 3.019: 2.779% | 3.935! | 3.002¢ | 2.35¢
Thickness (mm 5.2 5.1 6.5 5.: 3.2
72
W eight (9) 3.0197 | 2.7893| 3.9411| 3.0191| 2.3673
Thickness (mm 5.3 5.2 6.5 53 3.3
96
Weight (g 3.020: 2.79¢ | 3.9557 | 3.026¢ | 2.385:!
Thickness (mm 5.3 5.2 6.8 5 3.4
168 "Weight (g 3.021¢ | 2.800 | 3.959: | 3.040¢ | 2.385¢
Thickness (mm 5.3 5.2 6.8 5.3 3.4
182
Weight () 3.0217 | 2.8016| 3.9602 | 3.0439| 2.386
Thickness (mm 5.3 5.2 6.8 53 3.4
206 Weight (g 3.02; | 2.811f | 3.972¢ | 3.045¢ | 2.386¢
Thickness (mm 5.2 5.2 6.€ 5.: 3.4
130
Weight () 3.0222 | 2.8145| 3.9785| 3.0485| 2.3879
Thickness swelling (%) 0 4 6.6 6 6.25
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Figure 4.13. Water absorption in tap water
Table 4.8. Water absorption test in salt soluti@ter
Composites
Time(h) Measured Pure resin T/T/T | T/IGIT | GITIG | GIGIG
(Pr)
Thickness (mm) 5.3 4.5 5.8 5.1 3.2
0
Weight (g 3.014f | 2.649: | 3.548: | 2.836% | 2.513:
Thickness (mm 5.: 4.t 5.€ 5.1 3.2
24
Weight (g) 3.0162 | 2.6693| 3.5784| 2.8638| 2.5257
Thickness (mm) 53 4.7 6 51 3.2
72
W eight () 3.0168 | 2.6832| 3.5951| 2.8949 | 2.5389
Thickness (mnr 5.2 4.7 6 5.2 3.t
96
Weight (g) 3.0173 | 2.6855| 3.5971| 2.9082 | 2.5404
Thickness (mm) 5.3 4.8 6 5.2 3.5
168 "W eight (g) 3.0175 | 2.6927| 3.599 | 2.9288| 2.5465
Thickness (mm) 53 4.8 6 53 3.5
182
Weight (g) 3.0177 | 2.6951| 3.6102| 2.9395| 2.5421
Thickness (mnr 5.2 4.€ 6 5.2 3.t
206 Weight (g 3.017¢ | 2.695¢ | 3.620: | 2.941: | 2.547
Thickness (mm) 53 4.8 6 53 3.5
130
Weight (g 3.017¢ | 2.697% | 3.623% | 2.942° | 2.547¢
Thickness swelling (%) 0 6.67 3.3¢ 3.92 9.3¢
Water absorption (%) 0.1128 | 1.8195| 2.1193| 3.7441| 1.3807
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Figure 4.14. Water absorption in salt solution raedi
Table 4.9. Water absorption test in distilled water
Composites
Time(h) Measured Pure resin| T/T/T | T/GIT | GITIG | G/GIG
(Pr)
Thickness (mm 5.3 4.5 6.6 5.2 3.4
0
Weight (g) 3.0158 | 2.5831| 3.9625| 3.0654 | 2.2471
Thickness (mm 5.3 4.5 6.6 5.2 3.2
24
Weight (g) 3.0161 | 2.6123| 3.991 | 3.087 | 2.2658
Thickness (mm 5.3 4.5 6.7 5.2 3.2
72
W eight () 3.0184 | 2.6232| 4.017 | 3.1081| 2.2701
Thickness (mm 5.3 4.6 6.8 5.2 3.3
96
Weight (g) 3.0189 | 2.6271| 4.0322| 3.1107 | 2.2797
Thickness (mmr 53 4. 6.€ 5.2 3.5
168 W eight (g) 3.0191 2.63 | 4.0401| 3.1126| 2.2782
Thickness (mmr 5.2 4. 6.C 5.2 3.5
182
Weight (g) 3.0193 2.637 | 4.0421| 3.1132| 2.2852
Thickness (mm 5.3 4.8 6.9 5.3 3.5
206 -
Weight (g) 3.0193 | 2.6377| 4.0518| 3.1175| 2.2931
Thickness (mm 5.3 4.8 7 5.3 3.5
130
Weight (g) 3.0194 | 2.6378| 4.0593| 3.1249| 2.2945
Thickness swelling ({%) 0 6.67 | 6.06 | 1.92 | 9.38
Water absorption (%) 0.1194 2.1176| 2.4429| 1.941 | 2.1094
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—=-salt soluton 0.1128 1.8195 2.1193 3.7441 1.3807
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Figure 4.16. Comparison of water absorption inghreedia

4.3. Thickness swelling

Figure 4.17 shows the thickness swelling behavimirshybrid composites after being

immersed in tap, salt and distilled water mediastreral hours. Thickness swelling of hybrid

composite essentially decreased with decreasextiletavastes content, whereas a reverse
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trend was observed increased with as the glass &@betent increase in salt solution of
41.23% and 181.7% and distilled water media of %l @&nhd 54.79%, respectively. In this
pondered, appeared clearly the thickness swelbpgrded with submersion time and come
to a certain value where no more thickness swelfgpbned. When the submersion time of
composites is expanded, a noteworthy amount ofmistebsorbed; coming about within the
swelling of the fiber until the cell walls is satted with water. Beyond that, water exits as
free water in the voids, this leads to compositm@ating or void formation had been
reported by Jawaid et al.(2012). Glass fiber owyposite showed the highest percentage in
thickness swelling compared to other hybrid andileernly composites.

[EEY
o

Tickness swelling (%)
OPFRP NWPMKMOIUIO N O
Ni\

Pr TITIT TIGIT GITIG GIGIG

——tap water 0 2.5 3.5 4.5 6.25
~—salt solution 0 6.67 3.33 3.92 9.38
distilled wate 0 6.67 6.06 1.92 9.38

Figure 4.17. Comparison of thickness swelling ier¢hmedia
4.4. Optical microscopy analysis

Optical microscope is used to study the microstmggtoptical illumination systems are its
basic elements. For materials that are opaquesibleilight, only the surface is subject to
observation, and the light microscope used in &ctfe mode. Contrasts in the image
produced result from differences in reflectivity thie various regions of the microstructure.
The specimen surface is first mounted and polidbea smooth and mirror like finish and

grind by used successively finer abrasive papesdlyi etched the surface this is explained in
appendix D.

Optical microscopy estimation is a success chaiaete the micro structural details of the

different cross-sections composite shown in Figude-4.20. Delimitations, these are planar
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defects of porosity usually at ply boundaries aral/rhe produced by contamination during
lay-up. It is initiated due to service loads aes$ concentrators such as holes, piles at bonded
two fibers, etc. Porosity (voids) due to volatilesin components, or air not properly
controlled during cure. Bonding defects: During mf@cture, components may be bonded
together and it is possible for defects to occuhabond line due to incorrect cure conditions

for the adhesive or contamination of the surfaodsetbonded.

Figure 4.19. Fracture surface
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Delimitation  +

Figure 4.20. Examined surface of samples
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CHAPTER FIVE

5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

In this study, multilayered of textile waste fabend glass fiber reinforced hybrid polymer

composite samples have been fabricated successfullgw cost, low weight, and the hand

lay-up technique. The tensile strength, flexureg¢rsgth and impact strength of the made-up

composite material have been evaluated satisfactofihe combination of the useful

properties of two different materials, make themaawsersatile material in the field of

engineering and technology.

Natural fibers are gaining interest to be usedeagorcement in polymer composites
due to its potential mechanical properties.

From the results, it can be concluded that hybachposites performing better for
tensile modulus.

The presence of porosity can degrade structurahgtin depending on the extent and
location of the porosity in the composite component

According to impact tested the reinforcement textNastes fabric decreased with
increasing glass fiber content, while stiffnesstteg same time decreased. Textile
wastes fabric is more entanglement than glass, fdseconfirmed by cutting condition.
Thickness swelling of hybrid composite essentidigreased with decrease in textile
wastes loading, whereas a reverse trend was olos@reesased, as the glass fiber
content increased in salt solution and distilledevanedia.

The highest water absorbed composite is G/T/G Hytoimposite while the smallest
water absorption is G/G/G composite in the saltutsamh. This will be due to more
prominent number voids inside the composite. assistent with the truth that water
molecules are able to construct up within the voldading to an increment in the
water absorption of composite. Void contents isidatéd the quality of composite
materials. However, higher void content compostw quality while less content of
void is indicated good quality composite product.

Based on the present investigation on the develtg@eide waste/glass fiber hybrid
composite it can be finally concluded hybrid conifgoghis material suitable for

structural applications.
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5.2. Recommendation for further research

» The present investigation of new class hybrid cositpdoy hand lay-up technique was
used to fabricate the composite. However, otherufaaturing process for polymers
matrix composite are exists. They could be tried @malyzed, so that a final
conclusion can be drawn there from. However thelteprovided in this thesis can
act as a base for the utilization of textile wastd glass fiber.

* The current study is limited to the ratio of reaimd hardener constant (10:1). So, by
varying this ratio further study can be done tolgses the mechanical properties of
textile waste/glass fiber hybrid composite.

* For this work the fiber treatment is used of alk&@ither chemical modification
methods such as acetone, silane, acetylation, lRganate, Maleated coupling agents
treatment can be applied for further extension thwk for analysis mechanical
properties.

» In present investigation fiber and resin for pregacomposites, where used. The same
work can be extended by adding filler materials liketal powder, ash, calcium

carbonate.
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APPENDIX

Appendix A: Plain weaves textile waste fiber preparatio

Recycledtextile waste fabric is twisted in layer changednytorm shown in figur (A.l-a).
Then,prepared plain weaves of weft and win figure (A.l-b) and finally, tomake ready for
composite preparatidigure (A.I-c,d).

'A ks i**%'

Figure A.1. Preparation of textile waste for composite
Appendix B: Steps of hand layup proces

Mold cleaning: Dust and dirt are removed from mold with soft cl

Smearing resin: Generally with the brush, resin is smeared on nsaidilar to painting ¢
wall.

Fiber layup: Chopped fibers or fiber mats are laid out or lart@daver the resin layer on t
mold.

Smearing resin:Reapply resin by brushing over the strand of flager

Squeeze action:Roller applied to move over the re—fiber+esin layers to eliminate &
sandwiched between layers, called squeeze actibichws usually used to compact |
fabricated products.

Remold: The last step, remolding is done after curing anrdemperature to remove t
sheet from mold.
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Appendix C. Tensile testdiagrams

C.l. Stresselongation diagrarn
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TEST DATA
Test num 10234009 2
B i Sy i S G et e e Dol e
| For Customer
Relesence
l Waterial Teatile Aglass Fibes [tgt)
Inspector ayalen

SPECIMEN DATA

| Specimen name
Specimen class Aectangie
Thick [a) 7.00 na
| _[width (b1 1850 =
Dimm o 000 L]
“|Gage Length Lo 56.00 e
o Area So 129.50 mn®
TEST RESULTS
| Fosce max Feu 803 N
| | Tensil Streaz  Am 620 MPa
Yicld stress UYS/ReH) 00 MWPa
Yield sress LYS/Rel) (111 MPa
Tot Elongation A E-¥: ] z
Unifors Elong  Agt 59 x
3 . 3 1 3 Yiedd Stress Rpl .2%) w20 MPa
| oo us 16 24 3z “n T 56 Y] 72  sox
I Machine PROETE DI-CPAVZ 2000 KN Serial num. - 1209533
CANCAR TraT e SO
f{c;;: Ervinpine Cortorminy Asseamant £ merpiu
- e ——
TEST DATA
10234009-3
Customer
Textile fglass fiber (igt]
apalew
SPECIMEN DATA
Rectanghe
600 mm
1900 mm
0.00 -
66.00 i
11400 o
210 TEST RESULTS
. Fonce max Fm 923 kN.
| Tensil Stress  Am 80.9 MPa
| ¥ield stress UYSAReH) o MPa
180 ield stress LYS/(Rel] oo MPa
Tot Elongation A 59 x
S0 Undorm Elong  Agt 68 %
1 H Yield Stess  Ap{ 2X] a HPa
0o : : : 3 L : a3 F
0o 0.8 1.6 24 3z a0 48 56 6.4 1.2 a0 x

Maching PROETI: DI-CP/AVZ 2000 KN Serial num : 12W9993
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FATCAR CEASMAE W PR )
v Br-ingion Ga o
Nt -

Asvemimpmt £ i
S —

TEST DATA

102340101

Customes

glass/Textile /glass fiber (atgt]

SPECIMEN DATA

B0
Rectanghe
| 0.0 5.00 -
1750 -
0.00 mm
24.0 B0.00 mm
8750 i
180 TEST RESULTS
[ Foice max Fm 482 ML
| " | Tensil Stress  Am 55.1 MPa
12.0 _|Yiedd stress UYSReH) oo MPa
I i ‘Viedd stress LYS/[Rel) oa MFPa
Tot Elongation A 52 x
=8 Uniform Elong  Agt 1 x
3 ¥ 3 3 - Yreld Stress RApl .2x) 520 MPa
o0 ] 3 L t 1 2 i
0o or 1.4 2.1 28 35 4.2 49 5.6 6.3 Tox
| Machine PROETI: DI-CP/AV2 2000 KM Senal num.: 12M99933
" @E e YRS, Shameny rey
S = 0
L] TEST DATA
Test mum 10234010-2
40.5 Oeder num
Customes
FReference
36.0 M.atenial glazz/Textile fglazs liber (giot)
Inspectar apalen
s Mote 2
Mote 3
27.0 SPECIMEN DATA
- | Specimen name
Specimen class Rectangle
== Thick (a) 4% -
Width [b) 17.50 mm
C o o.0a mm
L “|Bage Length Lo 60,00 mm
So B5TS i
135 TEST RESULTS
Force max Fim 166 kM.
Tensidl Striess Am T MPa
.0 _|Wiedd stresz UYS /TReH) 416 MPa
Wiedd atress LYSARel) 380 MPa
a5 Tot Elongation A T x
) Uniform Elong  Agt 58 x
: 5 5 X ¥ X Yield Strexs Rpl 2x) e MPa
oo 0.9 1.8 a7 36 4.5 5.4 5.3 T2 a1 90 %

Machine PROETL: DI-CP/V2 2000 KN Serial num : 17M9993
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[ wimar TENSION TEST (ISO 6892-1) | Eoae poeRomoE

80.0 TEST DATA
Test num 102340103
72.0 Order num
For Customer
Relerence
640 Material lase/Textibe /glass fibes [gtgt]
Inzpecion opalew

SPECIMEH DATA

480
Specimen name
Specimen class Rectangbe
=8 Thick  [a) 500 mm
Width  (b] 17.50 mm
| Diiam [} oo mm
320 Gage Length Lo 50.00 mm
Area So ar.50 i
24.0 TEST RESULTS
Fosce max Fm 673 KN
| Tensil Suess  Am 768 MPa
160 Yield stress UYSARoH) 0.0 MPa
Yiald stress LYS/[Rel) oo MPa
i __|Tot Elongation A 7.0 z
Uniform Elong  Agt 1] x
: : : : ; : Yield Stress  Ap| .2%) E06 MPa
o0 : ; 3 ; : 3 ] 3
oo 0.9 1.8 2.7 36 45 54 63 7.2 81 a0 x
Machine PROETI: DI-CP/V2 2000 KN Serial num : 12M9393
FATERR TAameYLE PR RO
i TENSION TEST (ISO 6892-1) Ecap: p-NESTELIEL.
R : H 7 : : ] : : TEST DATA
102340111
180.0
Customer
.00 ghass fiber [g/g]
apalew
140.0
o SPECIMEN DATA
1
|
| -
100.0 350 me
| 20000 mm
0.00 mm
Bo.0 5000 mm
70000 mae
| e0.0 TEST RESULTS
|
| : Feoice max Fm 1261 kN.
| ' Tensl Stress  Am 180.2 MPa
| o L Yiekd stress UYS/ReH] L] MPa
3 “Yiekd stress LY'S/fRel) 0o MPa
o : Tot Elongation A a8 x
: Uniform Elong  Agt 333 x
o i i ; : : Yield Stres:  Rp{ 2%) 56.6 MPa
oo a5 7o 14.0 175 1.0 245 8.0 s IO

Machine PROETI: DI-CP/AVYZ 2000 KN Sesial num - 1259993
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Mt TENSION TEST (I1SO 6892-1) (ECAE: w-EnlEIT iy
pea.g : 1 : ; H TEST DATA
: 102340112
162.0
Customer
480 wlass fibed (940l
apalow

SPECIMEN DATA

Ractanghe
asa -

1800 —

o.0a -

5000 —

53,00 ot

TEST RESULTS

1 Ferce max Fm 162 kM
e ke Tensil Stress  Rm 1686 MPa
Yiekd stress UYS/AReH] oe MPa
‘Yiedd stress LYSAFiel) on MPa

___|Tot Elongation A 76 x

Uinifosm Elomg  Agt 385 x
: : : H Yiedd Stmes  Ripd .2X] S0 MPa

*%e 200 24.0 280 =0 8.0 00T

Mackine PROETIE: DI-CP/A2 2000 BN Senal num : 12M3953

FAICA N fd ey e PR
1@&: e o pomniny Aanewvreatrer £ mprprin
- T S —

TEST DATA
Test num 10234011-3
- | Ordies num
For Customen
Refesence
M aterial glass fiber folal
Inspecton apalew
" |Note 1
_ |Note 2
Note 3
SPECIMEN DATA
Specimen name
Specimen class Rectangle
| Thick  fa) 300 mm
| Wedth  ([b) Te.00 ‘mm
Diam o 000 mm
Gage Length Lo s0.00 L
Asea So 54.00 it
TEST RESULTS
Fosce max Fm miz kM.
| Tensidl Stress  Rm 1874 MPa
[Wheld stress UNYSAReH] 0.0 MPa
Vield stress LYS /TRel) (1] NPa
Tot Elongation A 71 =
Undfoum Elong  Agl ze x
- i i ] i Vield Stress  Apl 2%) o7 MFa
0o 175 2o 245 280 s 350

Machine PROETE: DI-CP/A2 2000 KM Sesial mum : 12M3993
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Appendix E: Micro hardness test results

T == i Settings
B e
weight 10 -

Std Val Mae
Min: 0
Data(d)
4= 552.95 d2= 549506

um
[1d2 = d1 [Always)
Hardness{H)

- I

Conversion Values
6 urt [ HV[Vickers) = ‘ NA
Add data to report

[Z Capture image with objects and grid lines

Pr Trial 1

| Measurement | Report

Measurement Settings

Type

Weight

Std Val. LR A
Min: 0
Datafd)
d1=  548.356 d2=  532.262

um
[71d2 = d1 (Always)
Hardness(H)

HV =

Conversion Values
Hy[Vickers) - NA
Add data to report

Position(depth] mm [ Add

7] Capture image with objects and grid lines

Pr Trial 2

Report

Measurement Settings

Type
weight 10
Std val. M
Min: 0
Datad)
ai= 533411 . dz=  527.663

[7]d2 = d1 [Always)

Conversion Values
HV[Vickers) - ‘ NA
Add data to report

Positien(depth] mm | Ad

[l Capture image with objects and grid line

Hardness{H)

HY =

Pr Trial 3

11 um

83



(o ] -5as]

T/T/T trial 1

-]l

T/T/T trial 2

84

Measurement Settings

Type
Weight 5 v
StdVal. | Define Std. ‘ Lizg O
Min: 0
Datafd)
d1=  236.816 g2- 226470

um
[71d2 = d1 [Always)
Hardness(H)

w- T

Conversion Values
HV[¥ickers) - 1728
Add data to report

Positionjdepth) |00 ~/mm Add

[l Capture image with objects and grid lines

Measurement | Report |

Measurement Settings

Type  |Vi

weight 10 ~ kg
SthaI.| Define 5td. Ll
Min: 0

Datald)

a1= B3/ gp- 383964

[ d2 = d1 [Always)
Hardness[H]

HV = 147.

Conversion Values
H¥[Vickers) - NA

Add data to report

Position(depth) |0:0 ~ mm Add

71 Capture image with ebjects and grid lines

| Measurement | Report

Measurement Settings

Type  |Vickers .
Weight 10 ot

StdVal. | Define Std. M 10
Min: 0

Datald)
d1- 342579 | gp- 383964
[71d2 = d1 (Always)

Hardness{H]
-

Conversion Values
|Hvpvickers) = NA
Add data to report
Position[depth) Iﬂ-“ ) mm Add

[7] Capture image with objects and grid lines




T/GIT trial 1

(= ]

T/G/T trial 2

T/G/T trial 3

85

Measurement Setiings

Type |Vickers v
weight 10 ~ kg %

StdVal. | Define Std. Y &
Min: 0

Datald)
a1= 367870 . dp-=  367.870
[71d2 = d1 [Always]

Hardness(H)

-

Conversion Values
Hv(Vickers) - \ NA
Add data to report
Position(depth) [0:0 =/ mm Add

"I Capture image with objects and grid lines

Nl oot [Pt

Mcasurement Sctiings

Type  |Vickers
Weight 10 ~ |kad >

Std Val. it
Min: 0
Datafd)
g1= 92838 . gp- 401208

[l d2 = d1 (Always)
Hardness(H)

v

Conversion Values
HV[Vickers) - ‘ NA

Add data to report

Position[depth) [9:0 ~ mm Add

7] Capture image with objects and grid lines

weight 10 T
StdVal. | Define Std. Lzg
Min: 0

Datad]
d1= 36780 o 2= 3N38
[T d2 = d1 [Always)

Hardness[H)

HV =

Conversion Values

| Hvivickers) - NA

Add data to report
Position[deptn) (0.0 ~lmm ‘ Add

[ Capture image with objects and grid lines

[T RSB ooy



Mcasurement Sctings

Type | Vickers -
weight 10 TR
StdVal. | Define Std. Max. 80

Min: 0

Datald)

di= 213824 gp- 249482
[T1d2 = d1 (Always)

Hardness(H)

v
Conversion Values
Hy[vickers) -| us5

Add data to report

Posttiondept) (10 ~/mm | asd

[ Capture image with objects and grid lines

G/T/G trial 1

Type

weight 10 gt o

Std val. Mew 2
Min: 0

Datafd)

di= 229M9 | gp- 232218

[T d2 = d1 [Always)
Hardness[H]

v T

Canversion Values
HY[Vickers) ol w2

Add data to report

Post 00 lom [ nag

[l Capture image with objects and grid lines

G/T/G trial 2

| Mescnrament [ Ronmer |

Measurement Settings

Weight 10
Std Val.
Data(d)
di= 262107 | g2 318437

[71d2 = d1 [Always)
Hardness(H)

v I

Conversion Values
HY[Vickers) = | 2200

Add data to report

Positl [oo Jmm | Add

7] Capture image with sbjects and grid lines

G/T/G trial 3

86



G/G/G trial 1

G/G/G trial 2

87

G/G/G trial 3

Measurement Settings

Type Vickers

weight 10
Std Val.
Data(d)
4= 472483, gp- 408106

[71d2 = d1 [Always]

Conversion Valucs
[Hvpvickers) - NA

Add data to report

Hardness(H)

HV -

e 0.0 &) mm Add

["] Capture image with objects and grid lines

Measurement Setiings

Type
weight 10 >
Std Val. Max S0
Min: 0
Data(d)
dl = mﬁ a2 = TTE}

um
[l d2 = d1 [Always]
Hardness(H]

- T

Conversion Values
HV[Vickers) m | 2834
Add data to report

Pasiti ) (0.0 | mm Add

[”| Capture image with objects and grid lines

Measurement Settings

Type Vickers
Weight 10 ~ kgt =

Std Val. Wi 8
Min: 0

Data(d)

a1= 32998 . gp- 313839

[1d2 = d1 [Always)
Hardness{H)

v [T

Conversion Values
HV[Vickers) = ‘ 1783

Add data to report

Positi (0.0 =) mm Add

[7] Capture image with objects and grid lines

| Meaciremant [ Rannr



