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Abstract

The main idea of the project is to create multiple resin-based hybrid composite material using
two polymer resins i.e. polyester and vinyl ester reinforced with jute fiber. Jute possess some
properties which are superior to those of synthetic fiber such as being ecofriendly, light weight,
biodegradable and cheap. The hybrid composites were prepared using VARTM (Vacuum
Assisted Resin Transfer Molding) method and the purpose was to enhance the tensile, impact
and flexural properties of the material. These composites can be used to make sports goods,
interior of vehicles, bumpers, side skirts etc. The hybrid composites were created by varying
the composition both resins and then the concentration of fiber. After developing the
composites, their tensile, impact and flexural strengths were measured and compared with both

resins.
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HF 32.5

PVIPN

Nomenclature

Polyester 50% Vinyl ester 50%
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Hybrid Composite reinforced with 22.8% Jute
Hybrid Composite reinforced with 24.25% Jute
Hybrid Composite reinforced with 27.75% Jute
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

Composite materials are now being used in the most demanding applications like satellites,
aircrafts’ structure and wind turbines. One of the challenges faced in this field is the technique
to manufacture composite parts. A number of techniques are available and are selected
according to the available resources. Generally, composites manufacturing has low tooling cost
as compared to steel. But this could go up for the fabrication of advanced composites which
requires auto clave. A number of techniques like VARTM is used in the place of autoclave
molding and can deliver auto clave quality parts at a considerably lower cost. This research is
focused on the fabrication of hybrid composite based on multiple resins such as polyester and
vinyl ester reinforced with natural fiber jute.

1.2 OVERVIEW

Due to exceptional mechanical properties and ease of processing, advanced composite
materials are now being sought for high performance applications. Generally speaking,
composite materials are multiphase. This is a broader term and all naturally occurring
materials falls into this category. Like steel is composed of two or more different phases.
Composite materials can be defined as combination of two or more macroscopically distinct
materials bonded together. The individual physical and chemical properties of the phases are
preserved. The fibers are held by a matrix which transfers load to the fibers (reinforcement
phase), protect them from atmosphere and retain the orientation. The reinforcement is the load

bearing phase.

The reinforcing phase in polymer matrix composite can be in a number of different forms,
they can be either discontinuous i.e. in the form of whiskers, particulates, flakes, short fibers
or in the form of continuous long fibers, woven fabric and sheets. [1] The reinforcing phase

can be classified as in the following Figures.

14



Reinforcement forms

I , = # I ,
Particulate Structural
Reinforced L e e Composites

Figure 1.1 Types of fiber reinforcements

5’ |

| [Ll'lhg‘

i 22
‘ /_\{11{("

Continuous Discontinuous Discontinuous
and aligned and aligned  and randomly
fibers fibers oriented fibers

Figure 1.2 Fiber orientation in Fiber reinforced composites.

Fiber reinforcements are considered technologically important, the dispersed phase in this case is
in the form of continuous fibers which could be randomly oriented chopped strand mat, woven, or
in the form of yarn or roving. The difference between yarn and roving is that in the later one fiber

are not twisted as in the case of yarn.

The fibers are generally made from carbon, boron or silica using different manufacturing
approaches affecting the end properties desired. Hydrocarbons based on two fibers are also used

15



some times. Textile technology is extensively used to get better special reinforcing fabrics.

However natural fibers are extracted from plants and woven in the form of cloths and used as

reinforcements. Fibers are available in the market in following forms.

Figure 1.3 (a) Untwisted and (b) twisted
fiber bundle

Long direction
Fiber direction
Warp
Cross direction
Width direction
Fill
Weft
Woof

Figure 1.4 Common weave patterns (a) plain weave, (b) basket or
twill weave, (c) crowfoot or five-harness satin weave, (d) long-
shaft (satin) or eight-harness satin weave, (€) leno weave
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FRP composites (fiber reinforced polymers), are made up of polymer matrix that is reinforced
with natural or synthetic fiber (like glass, carbon, sisal, flax, jute). The matrix assists in
protecting the fibers from external and environmental damage and transfers the load between the
fibers. The fibers help in providing strength and rigidity to reinforce the matrix and helps it resist

fracture and cracks.

Fiber Matrix Fiber Composite Matrix
Provides strength and Protects and transfers Creates a material with attributes
stiffness (glass, carbon, load between fibers (polyester, superior to either component alone
natural fibers epoxy,

vinuvl actar nthare)

Figure 1.5 Fiber Composite Matrix

Fiber reinforced polymer composites may also contain additives, fillers, core materials which
helps in improving the performance, appearance and manufacturing process of the final product.

Advantages of composite materials include:

Low costs compared to metals

Design flexibility

Resistance to a wide range of chemical agents
Low weight

Durability

Electric insulation

N o a bk~ wDd e

High Impact strength
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Chapter 2: Literature Review

2.1 Executive Summary

The main idea of the project is to create resin-based hybrid composite material using two
polymer resins i.e. polyester and vinyl ester reinforced with jute. The hybrid composites will be
prepared using VARTM method and the purpose is to enhance the tensile, impact and flexural
properties of the material. The hybrid composites will be created by varying the composition of

both resins and then the concentration of fiber.

2.2 INTRODUCTION TO COMPOSITE PROCESSING

Composite parts can be fabricated by a number of different conventional and unconventional
techniques. Selection of this technique is based upon the quality, quantity and design of the part
itself. Generally composite manufacturing can be broadly classified into two types of techniques,

Open mold and closed mold techniques.

Composite
Processing
thermoplastic composite
thermoset composite processing
processing
T | |
1
[ 1 |
continuous
sAhort continuous :_P;ort fiber
fiber ) fiber SR composite
composite composite composite
SMC Molding - .
SRIM F”AamAent Injection Ihermoférrn.mg
BMC Molding Wlndmg Molding Tape Wind.«ng
Spray-up Pultrusion Blow Molding Compression
Injection RTM molding
Molding Hand layup AL_Jtoclave
Roll wraping fDiaphragm
SCRIMP forming

Figure 2.1 Classification of composite processing techniques.
18



Composite materials are now being used in the most demanding applications like satellites,
aircrafts and wind turbines. One of the challenges faced in this field is the technique to
manufacture composite parts. A number of techniques are available and are selected according to
the available resources. Generally, composites manufacturing has low tooling cost as compared
to steel. But this could go up for the fabrication of advanced composites which requires auto
clave. A number of techniques like VARTM is used in the place of autoclave molding and can
deliver auto clave quality parts at a considerably lower cost. Our research is focused on the
fabrication of hybrid composite based on multiple resins such as polyester and vinyl ester

reinforced with natural fiber jute.

Composite materials are categorized on basis of their content, i.e. filler and base material. The
base material, which holds the filler material in structure form is also called matrix. The filler
material is present in form of particles, fibers, fragments, sheets or whiskers of natural or

synthetic material. As illustrated in the figure, there are three main categories of composites. [2]

Composite

Structures (ﬂ

Flber v|
\ jRemforced J'J

“~Randorafy )\
\ ! priented, - |

Figure 2.2 Types of Composites
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There are two types of hybrid composites, one where multiple types of fibers are reinforced in a
single matrix structure and the other one is where multiple resin are used to fabricate the matrix

and then reinforced with a single type of fiber. [3]. In continuous fiber composites, fibers can be

laid in unidirectional or bidirectional orientation in the matrix and the load is taken from the

matrix to the fiber in a very efficient way. For particulate fibers, their length must be enough to

transfer the load efficiently and restraining the growth of cracks to avoid failure of material in

case of non-ductile matrices. The orientation and arrangement of fibers define the structural

behavior and properties of the composite material [4] [5]. Chemical treatment of fibers can result

in improvement in mechanical properties such as impact, tensile and fatigue strength.

Synthetic fibers, are produced by chemical synthesis and are categorized further as organic or

inorganic on basis of their composition [6]. Fibers as compared to matrices, have higher strength

and toughness which makes them a load-bearing element in the composite material [7] [8] [9]

[10] [11]
Fiber Matrix Application Manufacturing References
Reinforcement Technique
Carbon PP, ceramics, , Lightweight Injection molding, [12] [13]
Polyether ether ketone | automotive products, | filament winding,
(PEEK), epoxy resin, fuel cells, satellite resin transfer molding
metals components, armor, (RTM)
sports
Graphene Polystyrene (PS), Wind turbines, Gas hand/spray up ,CVD, | [14]
epoxy, Polyaniline tanks, pultrusion,
(PANI) aircraft/automotive
parts.
Sisal PP, PS, Epoxy resin Automobile body Hand lay-up, [15]
parts, roofing sheets | compression molding
Hemp PE, PP, PU Furniture, automotive | RTM, compression [16]
molding
Kenaf PLA, PP, epoxy resin | Tooling, bearings, Compression [17]
automotive parts. molding, pultrusion
Flax PP, polyester, epoxy Structural, textile. RTM, spray/hand lay- | [18] [19]
up, vacuum infusion
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Ramie PP, Polyolefin, PLA Bulletproof vests, Extrusion with [20] [21]

socket prosthesis, injection molding
civil.

Rice Husk PU, PE Window/door Compression/injection | [22]
frames, automotive molding
structure

Jute Polyester, PP, Ropes, roofing, door | Hand lay-up, [23] [24]
panels compression/

injection molding

Coir PP, epoxy resin, PE Automobile Extrusion, injection [25] [26]
structural molding
components, building
boards, roofing
sheets, insulation

boards.

2.3 Natural Fiber

Natural fiber has good physical and mechanical properties such as low cost, recyclability,
nontoxicity, easy accessibility and mechanical properties such as good low density, specific
modulus and tensile strength properties of natural fibers are also advantages of natural fibers and
due to these properties they are preferred in different industries such as building, furniture and

automotive [27].

Natural fiber reinforcements are the future since they are cheap and have a number of

applications.

2.4 Disadvantages

Natural fibers are extracted from renewable sources and the composite materials based on them
are environmentally friendly but they also have some disadvantages. These disadvantages are
high moisture, quality variation and low thermal stability of the fibers. High moisture absorption
is the major disadvantage of the natural fibers. It weakens the interfacial bonding between the

fiber and polymer substrate and weakens the mechanical properties. This drawback can be

21



reduced substantially by the chemical treatment of fibers. Different types of chemicals such as,
alkali sodium hydroxide, isocyanate, permanganate etc. have been used for the treatment and a

considerable change in the physical and mechanical properties of the composites has been seen [28].

Alkali treatments can be used to counter the major disadvantage of natural fibers which is moisture
absorption.

2.5 Mechanical properties of NFPC

These include:

X4

Physical properties of fiber

*,

X4

Orientation of fiber
Strength of fiber

*,

A X4

X4

Interfacial properties of fiber

L)

2.6 Chemical Composition of Natural Fiber

Most of the plant fibers are composed of lignin, hemicellulose, cellulose, some water-soluble
compounds and waxes where hemicelluloses, lignin and cellulose are the major components. The
properties of the components make contribution to the overall properties of the fiber.
Hemicellulose is responsible for the thermal degradation, micro absorption and biodegradation of
the fiber [29].

Natural fiber is made up of different constituents. The different percentages of these components

in different types of fibers is what determines their overall properties.
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2.7 Treatment of Natural Fiber

The different chemical treatment of natural fiber include silane, alkali, acylation, benzoylation,

permanganate peroxide, stearic acid, triazine, sodium chloride

According to the research paper; the author examined the effect of alkali (NaOH) for treating
sisal fiber-reinforced composite with various concentration level (0.5%, 1%, 2%, 4%, 10%,) was
conducted and the result reported that 4% NaOH treated fiber gave the maximum tensile

strength. NaOH treatment was done at the room temperature [30].

Another research paper suggested 5% NaOH treated NFRC had better tensile strength than 10%

NaOH treated composites.

The reason is when the concentration of alkali has past beyond a specific threshold, excess
delignification of fiber results in a weaker or damaged fiber. The overall toughness decreases

drastically after specific value of NaOH concentration. [31].

Fiber-OH +NaOH — Fiber-ONa+ H,0

Table 2.1 The moisture content of different natural fiber at 21°C and 65% humidity

Fiber Equilibrium moisture content (%o)
Jute 12

Bagasse 8.8

Coir 10

Pineapple 13

Ramie 9

Abaca 15

Flax 7

Bamboo 8.9
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Hemp 9
Sisal 11

2.8 Flame Retardant Properties

Two types of product are obtained upon burning of a composite;

1. Higher cellulose content: - Provides higher chances of flammability.

2. Higher lignin content: - Greater chances of char formation.

For flame retardant purposes, metal hydroxide in combination of char developing cellulose

material is used
2Al (OH) 3— Al203 + 3H20

Mg (OH) >— MgO + H20

The second reaction gives better thermal stability. Temperature range on decomposition is 320° C
and that of aluminum hydroxide is 200° C. So, use of magnesium hydroxide is more appropriate

for polyamide and polypropylene. [32]

2.9 Biodegradability

Natural fibers start deteriorating at the temperature of 240°C whereas constituents of natural fiber
such as cellulose, hemicelluloses, and lignin start deteriorating at different level of temperature for

example, 200 C for lignin. Other constituents degrade at higher temperature than this.

Natural fibers have minimum environment damage upon degradation. On the other hand, synthetic

fibers produce pollution. More than 50% weight of jute is lost after 1500 days of burial [32]
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Natural fibers are biodegradable and environmentally friendly unlike synthetic fibers like carbon

fiber and glass fiber.

2.10 Behavior of Natural Fiber (Jute) with Resins:

This paper included experimentation and study of mechanical properties of jute fiber
strengthened epoxy and polyester composite. Experimentation for 11%, 22%, 33%, 44% and
55% by volume of jute with both epoxy and polyester were conducted and the results of impact

strength, flexural strength were deduced.

The following table shows the impact strength of epoxy-jute and polyester-jute with percentage
jute of 11%, 22%, 33%, 44% and 55% respectively [33].

Sample Value in j/m
EJ-1 20.39
EJ-2 46.55
EJ-3 73.33
EJ-4 110.74
EJ-5 99.42
PJ-1 81.74
PJ-2 108.54
PJ-3 132.83
PJ-4 148.58
PJ-5 119.7

Table 2.2 Impact strength of different specimen

From the above-mentioned table, it can be deduced that the specimen with 44% jute by volume,
both (epoxy and polyester) show the highest strengths while the polyester-jute strength is fairly
higher than the epoxy-jute 44%.
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2.11 Fiber Orientation

The best mechanical properties of composites are obtained when the orientation of fiber is
parallel to that of the load applied. According to the paper, alfa fiber reinforced unsaturated
polyester showed toughness compared to the orientation of fiber of (0°) of 69%, 29%, 22% and
12% at angles of 10°, 30°, 45° and 90° respectively and 93%, 66%, 52% and 41% of Young’s
Moduli respectively in the fiber direction [34].

The consideration of fiber orientation in composites is important because the maximum tensile
strength is obtained when the fibers are parallel to the load and it reduces to minimum when the

load is applied in direction perpendicular to that of fiber

2.12 Treated and Untreated Fiber

Surface of fibers is generally covered with a layer of different impurities such as lignin, pectin,
and other substances. The surface of fibers is not smooth and it has nodes and irregularities on it.
After the NaOH treatment a higher percentage of impurities such as lignin and pectin are
removed which results in a rougher surface. This roughness increases the interfacial bonding

between the fiber and the substrate during composite manufacturing [35].

Alkali treatment of natural fiber is important as it will smoothen out the surface fibers of all the
impurities, provide better adhesion properties between fiber-matrix and in general increase the

mechanical properties of the composite.

2.13 Manufacturing

Generally, the fabrication of NFRC is done by injection molding, compression molding,
extrusion and resin transfer molding. Extrusion, IM and CM are mainly used for thermoplastic

matrices but RTM is used for thermosetting resins. In resin transfer molding, resin is injected
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into a mold containing a fiber lay-up. The main variables in the process are temperature, resin

viscosity, injection pressure and mold configuration. [36].

There are two basic methods for the manufacturing of thermosetting resins. Hand lay-up and
RTM. Resin transfer molding has more advantages such as faster production, labor savings, good
surface finish, low wastage of material and through this process, very large and complex shapes

can be made efficiently.

Hand lay-up is the most popular manufacturing process for thermosetting resin. In this process,

the fiber is placed in a mold where a layer of releasing agent is applied so that the polymer does
not stick to the surface. The resin applied with the help of a brush on the fiber material. To force
the resin into the fabric lay-up roller is used which ensures better interaction between the matrix

and successive layers of reinforcement. [37] [38] [39].

Another manufacturing technique is spray-up technique and it is quite similar to hand lay-up
method. A handgun is used in this process that sprays resin on a mould. Meanwhile, a roller is
used to combine matrix material with the fiber. This is an open mold technique, which works
better for particulate fibers as it gives better conformability and it is more efficient than hand lay-
up method. [40] [41]

Vacuum bag is a flexible material which is used to provide a barrier from outside air. [42] [43].
The air between the chamber and the vacuum bag is sucked out with the help of a vacuum pump.
Composites using carbon fiber as reinforcement were fabricated through vacuum bagging
process, due to which the chances of improper impregnation and detectable porosity were
eliminated and bending properties were increased by 15%. [44].

2.14 Applications of Bio-Composite

Bio composites are used in a number of building components with resins as binder. Its
applications also include hard-boards, particleboard, medium density fiber boards, low-density

insulation boards other building components such as roofs and walls [45].
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The advancement in the automotive industry has concerned with the NFRPs. For this purpose,
fibers which are mainly used are the bast fibers: jute, hemp, flax, etc. Automotive manufacturers
like BMW and Mercedes Benz have fabricated their cars boot liners, parcel shelves, car door
liners etc. using natural fiber reinforced composites. Peugeot, Citroen and Renault in France and
Audi and Opel in Germany have also approved the use of natural fiber composites in door panel,

side panel, seat back, head-liner panel and instrumental panel [45].

Bamboo fibers were added to polyurethane composite which lead to improved coefficient of

sound absorption in automobile door panels. [46] [47].

Natural fibers are biodegradable and are increasingly being used as vibration and sound
absorption material in interior automobile components. Composite material with flax, cotton and
bamboo fibers with PLA fibers showed flexural strength of 2.5 GPa which is higher than all
other composites [48] [49]

Carbon epoxy composite when used instead of steel engine sub frame material showed
improvement in toughness with a decreased maximum stress and weight reduced from 16 kg to
5.5 kg [50]

Ramie fiber reinforced composites used in aircraft wing boxes resulted in 12-14% reduction in
weight. [51] . For aircraft application, when hybrid kenaf/glass fiber reinforced composite was
used, it showed increase in mechanical properties because of resistance to rain erosion. [233].
For aircraft brakes, carbon fiber reinforced silicon carbide is applied so they are able to withstand
temperature of 1200°C [52]

2.15 Conclusion

It has been concluded from the research that natural fibers have a number of advantages over
synthetic fibers but they also have some disadvantages. To overcome these disadvantages; like
moisture absorption and impurities on their surfaces, alkali treatments are used which also results

in enhanced mechanical properties. There are also a number of methods of manufacturing
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composites but the most suitable ones for thermosetting resins are hand lay-up method and RTM
process. VARTM (Vacuum assisted resin transfer molding) is a more sophisticated version of
RTM where vacuum is used to impregnate the fabric lay-up with resin. VARTM will be used in
the experiment which will be conducted with jute as fiber and polyester and vinyl ester as the
resins. After the experimentation phase, these hybrid composites will be tested to acknowledge

their tensile, flexural and bending properties.
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CHAPTER 3: MATERIALS AND PROCESS

3.1 Materials:

The composite materials generally comprise of two major states, the reinforcement and the matrix.

The materials selected for the study are as follows:

3.1.1 Polyester

One of the two resins that are being used in this project is polyester, which is a thermosetting resin.
Thermosetting resins are those that require curing. The molecular cross-linking process which they
undergo is irreversible therefore, offers them good rigidity high thermal stability and. There are

two types of polyesters.

1. Saturated Polyester
2. Unsaturated Polyester

3.1.1.1 Saturated Polyesters

Saturated polyester contains hydroxyl groups and it is mostly used in paint and coating industry.

It is combined with amino cross-linking resin to form a paint system.

3.1.1.2 Unsaturated Polyesters

Unsaturated polyesters are a thermoset. They can be cured from liquid to solid given the right
conditions. Unsaturated polyesters are usually referred as polyester or polyester resins because
there is a whole range of polyester which is made from different fatty acids having different

properties.
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This type has a high glossy finish, good resistance against chemicals, is rigid and it is cheap.
Its brittle film and shrinkage are some of its disadvantages.

Polyester’s strength to weight ratio is extremely good due to its low density (approx. 1.8 grams/cc).

It often replaces metal parts which are 5 times heavier.

Table 3.1 Unsaturated polyester properties

Properties Polyester
Viscosity at 250°C 250-350
Density (g/cm?®) 1.09
Modulus of Elasticity E (GPa) 33
Flexural Strength MPa 45
Tensile Strength 15-40
Maximum Elongation (%) 1

3.1.2 Vinyl ester:

The characteristics and properties of vinyl ester lies between those of epoxy and polyester.
It has the maximum corrosion resistance to most fuel vapors and chemicals. It features decent
impact and tensile strengths. It has low viscosity which makes it easy to pour for vacuum infusion

processes.

The surface quality achieved curing vinyl ester is not as good as polyester. The double
bonded nature of vinyl ester creates shrinkage which has a negative impact on surface quality.
They are more tolerant to stretching than polyester. Due to this, vinyl ester is able to absorb more
impact without damage. It is also less sensitive to ambient conditions i.e. humidity and

temperature.

Both resins use same catalyst i.e. ethyl methyl ketone (butanone). It is an organic
compound which has a sharp sweet odor.
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Table 3.2 Properties of Vinyl Ester

Properties Units Vinyl Ester
Tensile Strength MPa 5-75
Tensile strain % 2-3
Tensile Modulus GPa 3.2
Density glcc 1.14
Vol. Shrinkage % 7-8

As reinforcement for the matrix, jute has been used. It is a natural (bast) fiber and one of

the strongest natural cellulosic fibers.

Celulosic Fibres

Plant fibres Wood fibres
Staw Bast  Seed Leaf Grass Softwood  Hardwood
fiores fibres  fibres fibres fibres -Norway spruce -Poplar
-Rice -Flax -Cotton -Sisal -Bamboo
-Wheat -Hemp -Coir -Henequen -Elephant grass
-Jute

Figure 3.1 Cellulosic fiber Classification

The purpose of using jute as a reinforcement is because of its advantages over synthetic
fiber. For example, its eco-friendly, biodegradable, light weight and cheap.

Jute has important applications in composite materials. It is a cellulosic fiber that can be
used as load bearing constituents in composites due to their properties such as high strength to

weight ratio which makes cellulosic fibers ideal for application in structures.
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Table 3.3 Fabric Specification

Fabric Specifications
Weave style Box/ plain weave
Warp count 7 ends/cm
Weft count 7 picks/cm
Density 1.5 g/cm3
Tolerance on weight +/-5%
Width 1250mm
Tolerance on width +/-2%

3.2 Process:

3.2.1 Components of VARTM:

3.2.1.1 Flat Surface:
This surface is used to give the composite a flat appearance and is used as a mold to prepare the

composite material.

3.2.1.2 Vacuum Bag:
Vacuum bag is a thin plastic sheet used to hold the vacuum which is created by the vacuum pump
and the sheet we used is transparent and a bit flexible.

3.2.1.3 Peel ply:
This is a type of silky cloth which is used to keep the vacuum bag and flow net from sticking on

with the composite so that they can be separated from the composite material/product.
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3.2.1.4 Flow Net:

This is a porous mat which is responsible for the even flow of resin over the fabric.

3.2.1.5 Pipes:
Pipes are used in two different positions, one for the flow of resin and the second one for the

creations of vacuum.

3.2.1.6 Releasing Agent:

Releasing agent is used to prevent the composite to stick to the mold/flat surface.

3.2.1.7 Vacuum Pump:
It is a device which is responsible for creating a vacuum in the mold, for the flow of resin and to

get the resin distributed equally in the layers of fabric under pressure.

3.2.1.8 Sealant tape:
This is a special tape which is used to seal the vacuum bag with the flat surface. This tape can
withstand high temperature up to 350 °F.

3.2.1.9 Breathing Cloth:

It is used to prevent the flow of resin out of the fabric and also stops it to get into the vacuum

pump.

3.2.2 Procedure:

Step 1:

Make sure that the flat surface (wooden plank) is clean. Tape it for the required dimensions.
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Step 2:

Apply the releasing agent on the wooden surface, after that place a layer of peel ply within the

taped region.
Step 3:

Measure the weight of fabric (jute) and carefully place them layer by layer over the peel ply.

Cover it with another layer of peel ply.
Step 4:

Spread the flow net over the top and place a strip of breathing cloth under one edge of the flow

net.
Step 5:

Pipes are carefully placed so that there is no leakage. Place the breathing cloth over the vacuum

pump pipe so that the resin doesn’t flow inside the pump.
Step 6:

Seal the mold with the help of vacuum bag and the sealant tape applied earlier. Switch on the

pump and make sure that there is no leakage.
Step 7:

Let the resin flow in the mold and wait until the resin completely spreads over the fiber. Seal the

pipes with the help of zap ties and leave it to cure.
Step 8:

Once it is cured, remove the composite and cut the required sample from it.
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Figure 3.2 Placed peel ply on plank after
applying Releasing agent.

Figure 3.3 Spreading of Flow net
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Figure 3.4 Placing breathing cloth under Flow net

Figure 3.5 Pipe from Vacuum Pump
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Figure 3.6 Resin inlet Pipe Figure 3.7 Applying of Vacuum Bag

3.3 Composites:

Composite is a material which is the mixture of binder/matrix which is also known as resin and is
then reinforced with a fabric. This fabric can be of any kind. The fabric which is used in the
composite varies with the application where it has to be used. For example, if in making of aircraft
panels’ glass fiber is used with resin (epoxy) and the glass fiber used in this process is very refined
and each fabric has its own grades according to their use. The resins that are used have their grades.
Every fiber that exist has its significant properties and strengths. Such as carbon fiber which is the
strongest fiber that can be used without the need of license and normal public can use it and in
most of the automobiles carbon fiber is the cutting-edge material. This material is basically used

where extremely light weight part is required as well as the strength must be up to the mark.

3.3.1 Hybrid Matrix:

Hybrid is a thing which is made up of two or more material and in case of composites, there are
two types of hybrid composites. First one is where multiple resins are used with a single type of
fiber and the second one is where a single resin is used as a matrix and multiple fibers are used as
reinforcement. The former type of hybrid composite has been fabricated in this project. The hybrid
matrix has enhanced mechanical properties as compared to the single matrix due to the formation
of IPN structure. This hybrid matrix possesses the properties of both the resins and makes it more
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efficient to be used. In this study the hybrid matrix consists of polyester and vinyl ester with 70-

30% composition respectively.

3.3.2 Hybrid Composite:

In hybrid composites, the hybrid matrix is used and it is reinforced with a desired fabric of desired
type. For this study, the matrix used is 70% polyester resin and 30% vinyl ester and their hybrid
matrix is then reinforced with jute bi-linear fiber. This hybrid consists of jute, polyester and vinyl

ester and has more strength than all of these materials as an individual.

3.4 Testing Methods:

To investigate the properties of this hybrid composite, we perform different tests such as tensile,

impact and flexural test.

3.4.1 Tensile Test:

In this test, the specimen is placed between the clamps of the UTM (Universal Testing Machine)
and uni-axial load is applied in the longitudinal direction. The specimens are made according to

the following standards:

ASTM D-3039

(250x25x3mm)
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Figure 3.8 Tensile test on UTM

A universal testing machine (UTM) is used to test tensile and compressive loads. In some UTM

there is also option of testing of bending strength. Following are the components listed of UTM

1. Load Frame: - It consists of two supports for the machine. Smaller UTMs have only a
single support.

2. Load Cell: - A force transducer is used to measure the load. Calibration is required after a
certain period of time to maintain the quality of system. In our case, the load cell used
was of 100kN. It is used according to the specimen being tested. For specimen with
relatively smaller tensile strength, a smaller load cell is used to reduce the percentage
error.

3. Cross head: - A movable cross head is controlled to move the clamps up and down. This
is done at a steady speed which can also be referred to as constant rate of extension. UTM
cross head can be programmed for constant force, constant rate of deformation, cyclical

testing etc.
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4. Output Device: - This is where the results of the testing are illustrated. Older machines
use digital display or chart recorders but newer models are attached to a computer for
more comprehensive results and for the ease of the user.

5. Conditioning: - Some tests require standard conditions of temperature, pressure, humidity

etc which is why UTMs are placed in a controlled environment.

To measure extension or deformation in the specimen, extensometers are used. It is a device used
to measure change in length of an object. It is mainly used for stress-strain measurement and

tensile strengths.

3.4.2 Impact Test:

This test is performed on the specimens which have a v-notch in the center and then the hammer
is set lose to strike the back of that notch point and then the basic calculations are made by the

following formula:
Impact Strength=(F/b.d).1,000,000
And the standard for impact is:

ASTM D-256

(64x12.7x3.2mm)

Pointer
Scale

Starting Position

Hammer

Figure 3.9 Impact Testing
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Impact test signifies the amount of energy absorbed by a specimen during fracture. The energy
absorbed relates to the given material’s toughness. . In NFRC, the enhancement of impact

property is very difficult and that is the reason glass fiber and carbon fiber are used. The basic
purpose of this project is to improve the impact property of natural fiber reinforced composite.

There are two types of impact tests i.e. izod impact test and charpy impact test.

In Charpy impact test, the specimen is placed horizontally and the v-notch is positioned opposite

to the striking pendulum. Also both ends are locked in this test before striking.

In 1zod impact test, the sample is placed in a vertical position where the notch is facing the

striking pendulum and only the bottom of specimen gets locked.

In this case, Charpy impact test was used and difference between the two can also be clarified by

the following two figures.

Charpy impact test ._I Izod impact test

Striking

direction
Striking
direction

Figure 3.10 Charpy Impact Testing Figure 3.11 Izod Impact Testing

3.4.3 Flexural Test:
For flexural test the specimen is placed between two supports and then the load is applied in the

center.
The standard is:

ASTM D-790

(125x12.7x3.2mm)
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The formula used is:
Flexural Stress= 3.F.L/2.b.d?

Flexural test is used to determine the maximum stress on the outermost fiber on either tension or
compression side of specimen. There are two types of flexural tests i.e. three-point bending test

and four-point bending test.

Three point flexural test gives the maximum bending strength under the loading. The stress is
concentrated in the small area. It produces its peak stress at the center of the specimen. On the
other hand, four point flexural test gives stress concentration value over a larger region. It
produces peak stresses along a broadened region of material therefore larger length of material is
exposed.

In this case, three-point flexural test has been used which can be seen in the figure below.

Figure 3.12 Flexural test on UTM Figure 3.13 Flexural test (specimen breakage)on UTM
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Chapter 4: Results and Discussion

4.1 Fiber Results

Following attached are two stress vs. strain graphs for treated and untreated jute fiber. The fiber
has been treated with 5% NaOH solution. Surface of fibers is generally covered with a layer of
different substances such as lignin, pectin, and other impurities. The surface of fibers has nodes
and irregularities on it. After the NaOH treatment, most of the impurities are removed which
results in a rougher surface. This roughness increase the bonding between the fiber and the

substrate during composite manufacturing [35].

Treating with any higher percentage than 5 will result in delignification and damaged fiber. 4-5%

NaOH treatment gives optimum results.

Stress vs Strain
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Sample 1

Stress N/tex
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Figure 4.1 Stress vs. Strain curve for untreated fiber
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Figure 4.2 Stress vs. Strain curve for treated fiber

According to the graphs, the stress in both treated and untreated fiber is more or less the same

without any enhanced capacity of treated fiber in load bearing scenario.

The difference can be noticed in the value of percentage strain in the treated fiber; as it is higher
as compared to untreated fiber. The untreated fiber has shown at an average of 15% strain and
the treated fiber demonstrates more than 20% average strain which means the percentage

elongation has significantly increased after 5% NaOH solution treatment.

4.2 Hybrid Matrix Results
For the selection of matrix, tensile test on various compositions percentage of resins (Polyester

and Vinyl Ester) and also the separate resins were performed and compared.
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Table 4.1 Composition of Resins

Sr. No. Vinyl Ester (Wt.-%) Polyester (Wt.-%)
1 100 0
2 0 100
3 70 30
4 50 50
5 30 70

The results of the tensile test conducted on the above composition and the results are shown in the

following graph:

STRESS MPA

POLYESTER

MATRIX TENSILE STRENGTH

VINYLESTER PV7030 PV5050
MATERIAL TYPES

Figure 4.3 Tensile properties of Matrix

el 18.105
13.5375
7.39

PV3070
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This graph shows that the Matrix PV-70-30 is more than 2.5 times stronger than vinyl ester and
16% stronger than polyester. Matrix PV-70-30 is selected and further used. The reinforcement is

done with natural fiber jute.

Matrix Strength
25
[}
20 °
N
S 15
A
£ 10
(V] [}
5
0
polyester vinylester PV7030 PV5050 PV3070
Sample Type

Figure 4.4 Tensile properties of matrix detailed

This is how different individual specimen performed during testing. The three specimen of vinyl
ester shows precise values i.e. the fluctuation is between 6 MPa to 8.5 MPa which is very close to
the average value which implies that all the vinyl ester specimen have performed more or less

equally.

On the other hand, the three specimen of polyester shows the highest variation amongst the three
specimen. This is because resins have a tensile strength limit bracket inside of which the cured
resins perform. There is not a specific figure of its strength; there is an upper and lower limit. The
three spread-out points of the specimen suggests that it’s because of the reason stated above. Also,
if there is anomaly in the results, what we can do is inspect the specimen and see the mechanics of
its breakage. If the specimen gives highly irregular value and the specimen has shattered near the

either sides of clamp, there is a high chance that it’s a garbage value.

This variation in polyester resin is the reason for further variation in the rest of hybrid matrixes.
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This matrix tensile strength test shows the improvement in strength is because of IPN
(Interpenetrating Polymer Network) structure formation and according to this, the two networks
can be seen to be entangled in such a way that they are linked together and cannot be pulled apart,
but they are not bonded to each other by any chemical bond. To break this entangled linkage of
polymers, a large amount of energy is required. This IPN structure helps the resin to elongate a bit
more than the single resin and this is the major reason which helps the matrix to improve their

properties as compared to single resin. This IPN theory can be explained by the following picture:

»A” network ,B” network IPN=,,A”+, B”

Figure 4.5 IPN behavior for two different resins

The above figure shows that Network *A’ is considered as polyester and consider Network’B’ as
vinyl ester and when they both are mixed together and they form the network called IPN="A’+’B’
and due to this IPN structure, the hybrid matrix possess the properties of Network’A’ and
Network’B’.

Polyester and Vinyl ester acts as a primary constituents in the formation of interpenetrating
polymer network. The curing process of the resins does not interfere with one another and it can

be verified from the graphs that IPN results in enhanced mechanical properties.
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There are two ways of further tweaking the mechanical properties. The PVIPN can be left in the
room temperature for an extended period of time or a post curing process can be carried out which
involves keeping the specimen in a controlled environment with elevated temperature which raises
the crosslinking density resulting in enhanced thermo mechanical and mechanical properties.
There are two fundamental parameters that determine the optimal post curing process. One is time
and the other one is temperature. The specimen can be put in an oven at an 80°C for a couple of
hours or same outcome can be expected by keeping the samples in room temperature for two
weeks. It has been reported that higher temperature post cured composites exhibit better properties
than lower temperature post cured processes. After post curing the samples at high temperature,
they should be left in the oven to slowly cool down to the room temperature to avoid the specimen

from “thermal shock effect”.

It is reported that 200°C post curing temperature is optimal and it also results in higher flexural
strength. Epoxy based composites can show further 1.2% increase in properties at 230°C because

of its slow cure rate behavior.

For our case, where polyester and vinyl ester are resins used, will exhibit deterioration in

mechanical properties after 200°C because of its high cure rate.

Simultaneous IPN is formed between polyester and vinyl ester. For such IPN to form, the

monomers and cross linkers both are present at the start of polymerization.

When biphenyl-A diglycidyl ether grade of epoxy polymer is reacted with meth acrylic acid, vinyl
ester is formed. The diluent used for both polyester and vinyl ester is styrene monomer. For vinyl
ester, reactive sites are present only at the end of molecular chain therefore crosslinking can only
take place at that position whereas styrene monomer has only one reactive site which can only
provide extension in the linear chain so the branching points and crosslinking capacity can only be
provided by vinyl ester.

Methyl ethyl ketone initiates curing for both resins and because of the independent reactions, there
is a possibility of formation of simultaneous interpenetrating polymer network.
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4.3 Hybrid Composite Results:
When a hybrid matrix is reinforced with fibers, it turns into hybrid composite.

After selection of matrix different percentages of reinforcement are introduced into the matrix.

The compositions for the composite are given in the following table:

Table 4.2 Compositions for Hybrid Composite

Sr. No. Resin (Wt.-%) Fiber (Wt.-%)
1 85 15
2 80 20
3 75 25
4 70 30
5 65 35

All the compositions have been fabricated and then tested but composite with 15% reinforcement
is not possible because the reinforcement present is in small ratio and most of the resin mixture is

wasted in this process.

In the same way, hybrid with 35% reinforcement is practically impossible because the resin
mixture quantity is very less and it would not even make a layer with jute and all the composite
sheet will remain porous. There is no practical advantage in continuing the test with other
compositions higher than this fiber percentage because it will only lead towards the wastage of

material, both matrix and fabric.

There is a difference in the anticipated and actual percentage of fiber in matrix; as we have aimed

to do a certain fiber percentage i.e. 20%, 25%, 30%, the actual percentage deviated from the
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expected value. This is because of the fact that not 100% resin will flow into the cavity. Some of
the resin remains in the beaker, pipe and the non-reinforced area. All the extra uneven areas are
cut out and the sample is weighed. The weight of the jute fabric is also noted and the percentage

is hence calculated.

The actual fiber percentage for different samples obtained is 22.8%, 24.25%, 27.75%, and 32.5%
against the expected percentage value of 15%, 20%, 25%, and 30%.

4.3.1 Tensile test result of Hybrid Composite:

Tensile tests on the hybrid composites show significant improvement in the mechanical properties

and it can be seen in the following graph:

Tensile Strength of Hybrid Composite
2
25
1
20 1
15
10
5

PV-70-30 HF 22.8 HF 24.25 HF 27.75 HF 32.5

Percentage Reinforcement

Stress MPa

Figure 4.6 Tensile Strength comparison of Hybrid Composites
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According the results in the above figure, HF-22.8 is the toughest material that can be achieved by

using jute in the selected matrix and this material is almost 28.5% stronger than PV-70-30(selected

matrix).
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Figure 4.7 Tensile Strength comparison of Hybrid Composites detailed

According to the fig 4.7, the tensile specimen have shown a more precise values of stress. But the
highest tensile value is given by the specimen with least amount of fiber (HF-22.8). This is the
optimum percentage of matrix and fiber. As the ratio of fiber goes up, the percentage of matrix

gets lower due to which it is not able to fully support the reinforcement as it does in HF 22.8.

4.3.1.1 Stress Strain Curve of Hybrid Composite:
Stress strain curves are formed between the stresses applied on the specimen in y-axis and strain

(elongation produced in the result of the stress applied) in x-axis.
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According to fig 4.9 the sample 3 has shown an anomalous behavior. The curve starts to go up
and then near 13 MPa it partially breaks, the specimen without taking any further load then
breaks off completely. This 3 sample shows garbage value and it cannot be considered since we
already have two authentic values of sample 1 and sample 2 and this value is substantially
smaller than the other two which suggests that this value isn’t useful and the average of sample 1

and sample 2 will be taken for average stress.
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Figure 4.10 Stress vs Strain Curve of HF-27.75
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Figure 4.11 Stress vs Strain Curve of HF-32.5

So in the above figure, the sample 3 has shown anomalous results, it partially breaks and then
without taking any further load it breaks off completely. But since the load taken by this sample
is between the two authentic values of sample one and sample two, the value of 3" can also be

considered as reliable.

According to above four figs, HF-22.8 shows slightly more ductility as compared to HF-24.25
and HF-27.75. The strength of hybrid composite HF 22.8 is substantially higher as compared to
HF-24.25 when 22.8% jute fiber is used. While in the 3" graph, the strength has marginally
increased while using 27.75% jute fiber as compared to HF-24.25. The 4™ graph of HF 32.5
shows anomaly where the third specimen shows higher ductility. Looking at the graph, the third
specimen partially breaks which shows that there is delamination between the two layers and
then it finally breaks without taking any higher load. Another explanation could be that there is
still a variation in the percentage of fiber-matrix. The fiber ratio is probably higher due to which
its taking most of the load and instead of breaking the fiber has started to stretch due to which the

graph is insinuating higher ductility.

After the study of these stress strain curves, the composite with most enhanced properties HF-

22.8.
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4.3.2 Bending Test Results of Hybrid Composites:

Bending tests are also conducted on the UTM (Universal Testing Machine) and 3-point load is
applied on the specimen. Two points are of support and load is applied in the middle of the
specimen. Result of the hybrid composite material in comparison with others are plotted in the
following graph

Bending Strength of Hybrid Composites
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Figure 4.14 Bending Strengths Comparison for Hybrid
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Figure 4.15 Bending Strengths Comparison for Hybrid detailed

According to the graph, HF 22.8, HF 24.25, HF 27.25 have a very small difference in average
bending strength. But the 4™ composite, HF 32.5 shows a substantial dip in bending strength.
This could be because of very high fiber percentage. What happens here is, the matrix percentage
gets so low that it is unable to adhere the multiple layers of composite. The matrix layer between
the layers gets extremely thin so when the load is applied on the specimen, it is unable to bear

higher load and there is also a chance of delamination which reduces its strength.

The graph shows a linearly decreasing trend of bending strength which suggests the higher
percentage of matrix is necessary for higher bending strength. As we move forward and increase
the fiber ratio, it is not able to absorb higher load because of the low ratio of matrix the specimen

succumbs under gradually increasing load.
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4.3.3 Impact Test Results of Hybrid Composites:

Impact property of any composite is considered as the most important property and almost all the
manufacturers work and try to enhance the impact property of the composite. In natural fiber
composites, the enhancement of impact property is very difficult and that is the reason glass fiber
and carbon fiber are used. The basic purpose of this study is to improve the impact property of
natural fiber and by this study there is a significant increase in the impact properties of the natural

fiber reinforced composites. The results of this study can be understood by the following graph.

Impact Energy Absorbed
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Figure 4.16 Impact Energy absorbed

This is the graph of impact energy absorbed by the specimen and the energy absorbed is measured
in Joules. Charpy impact test was conducted. The v-notch is placed on the backside (opposite to
the hammer). Further impact stress can also be calculated with the help of this data.
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Figure 4.17 Impact Strengths Comparison of Hybrid

This is the impact strength graph which has been calculated with the help of impact energy absorbed data.

The impact energy is divided by the cross section of the specimen and the units are same as stress MPa.
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Figure 4.18 Impact Strengths Comparison of Hybrid detailed
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As the fiber percentage has increased, the impact strength has gotten better according to the
graph. This is because the impact is mainly absorbed by the reinforcement. The matrix is
extremely brittle in nature hence it is not able to sustain large impact. As the fiber percentage is

increased more energy is absorbed by the specimen.

The tensile and bending strength is higher with lower fiber percentage but the higher fiber ratio
favors the impact strength. This is because of difference in the nature of two type of tests where
the load is applied gradually for tensile and bending strength whereas for impact test the hammer
strikes sharply against the specimen which is mainly absorbed by the reinforcement. On the other
hand, for tensile and bending strength, lower fiber ratio is desired because the fiber and matrix
complement each other in such type of tests where gradually increasing load is applied.

Applications

Hybrid composites are nowadays being used in automobiles and many places like fencing,
railing system, bicycle frames, seat post and laptop cases. This fabricated hybrid composite is
stronger than polyester and vinyl ester separately. It is environmental friendly as it contains
natural fiber as the reinforcement and natural fibers are extracted from plants and that’s why they
do not harm the environment. According to the mechanical properties of this composite, it can be
used in the bicycle helmets. In automobiles, it can be used in roof and floor structures, boot
liners. This composite is manufactured with the consideration of impact properties which is
extremely important and developed for impact bearing purposes. That’s the reason there is a

major increase in the mechanical properties mainly in impact properties.

60



Chapter 5: Conclusion

Conclusion

The objective of the project was to develop a hybrid composite material with enhanced

mechanical properties.

The two resins used are polyester and vinyl ester. The tensile strength of these individual resins
were found out (16.17 MPa for polyester and 7.35 MPa for vinyl ester). Later, hybrid matrix
using different combination of these two in ratio 70-30, 50-50 30-70 were developed and the
matrix having the highest tensile strength was selected; in our case PVV70-30 came out with the
highest average tensile strength of 19.15 MPa which is 18.5% higher than the individual

polyester resin.

This PV70-30 combination was used with different percentage of jute fiber. Four different jute
fiber percentage (by weight) used are 22.8%, 24.25%, 27.75% and 32.5%.

The reinforcement percentage 22.8% had the highest tensile strength of 24.62 MPa which is
28.5% higher than the original P\V70-30 ratio matrix. This tensile strength is 52.2% greater than
polyester (16.17MPa) and 235% greater as compared to vinyl ester resin (7.35 MPa)
Furthermore, the cost of the composite specimen reduced considerably because of the usage of

jute fiber which is relatively cheaper than the resin.

The bending and impact strength graph shows a trend. For bending strength, the highest value
was given by 22.8% reinforcement. This could be because resins are stiffer and since 22.8% had
the highest amount of percentage resin, its bending strength came out to be the highest. The
bending strength reduced as the percentage fiber increased.

The impact energy absorbed had the opposite trend. The composite with highest reinforcement
percentage 32.5% had the highest impact strength. The reason could be the same as the
composite’s impact strength increased as the percentage fiber increased. The resin is brittle in
nature, therefore with the maximum amount of resin in 22.8% reinforcement the impact strength

came out to be the least. And it increased almost in a linear fashion, with 24.25% and 27.75%
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reinforcement having almost the same impact strength 103.8 MPa and 100.74 MPa respectively.

The highest fiber percentage gave the highest impact strength of 129.7 MPa.

The fiber percentage lesser than 22.8% could not be used since the process used was VARTM
and since the vacuum pump sucks out all the air from the chamber, the least fiber that could be
used was 22.8%. The composite sample was intended with 15% reinforcement, the extra resin
could not be absorbed by the fiber, and hence the fiber percentage increased and came out at
22.8%.

The fiber percentage higher than 32.5% could not be used because the resin was lesser in
quantity than required to wet the whole fiber fabric. Going any higher would result in

delamination between the fiber layers.
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