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ABSTRACT

Epoxy is one of the most polymers used in a variety of applications due to its amorphous
structure with a prime hardness and mechanical strength. But it is suffer from the high
hardness and brittleness so it need to be improved its flexibility and toughness. In this
project an epoxy/polyol blend were prepared with different amounts of polyol (1%, 3%,
and 6% wt.). The blends were prepared using mixing of epoxy/polyol/hardener. The FTIR,
tensile strength, impact strength, hardness, and fracture toughness were used to
characterizing the blends. Results show that there is no change in FTIR curves.
Mechanical properties results show that the tensile strength, elastic modulus, and hardness
were decreased with polyol addition. Both fracture toughness and impact strength were

improved with polyol addition.
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Chapter One

the introduction



1. Introduction

A polymer is a giant chemical compound composed of repeating units of identical or different
monomers with or without loss of material . Compared to the thermoset material, the thermoset
polymer is a more resilient polymer because its cross-linking occurs in three directions Epoxies
are thermoset polymers that are cured with a variety of curing agents, commonly referred to
as hardeners . Epoxy resin is used in many applications due to its amorphous thermosetting
material with an original hardness and strength of .Unfortunately, cured epoxy systems have
one major disadvantage: significant brittleness, poor crack resistance, and poor resistance to
crack initiation and propagation. This severely limits their use in applications that require high
fracture toughness . Much effort has been made to improve their physical properties through
the use of various chemicals that act as hardeners or reinforcing agents . There are several
ways to improve the strength of epoxies such as:, plasticizing the polymer, inducing an
interpenetrating network (IPN), and introducing a well-dispersed second phase of one of two
things: soft rubber particles or stiff inorganic particles . Blending of polymers can be an
inexpensive method to develop a material with specific properties based on customer
requirements . In the case of polymer blends, all components are polymeric, which means that
both the matrix and the secondary component are deformable above the glass transition
temperature of for amorphous polymers or above the melting point of semi-crystalline
polymers. Organic compounds with adhesive properties are often used as corrosion inhibitors
for metals in various industries such as aerospace, automotive, architecture, ships and oil tanks
to name a few . In most cases, they are applied as a thin layer to the metal surface to prevent
corrosive chemicals from penetrating the metal surface .Among the organic compounds, those
based on epoxy resins are among the most widespread due to their functional properties and
adaptability . Epoxy resin was chosen for the coating due to its versatility; It can be used to
protect metal and concrete structures, electrical components, construction adhesives and more.
Metals protected with epoxy are susceptible to wear and surface abrasion due to the complex
network structure of pure epoxy that protects the metal. The corrosion is quite low. Polymer
composites are widely used in engineering, apart from structural elements where they are
subject to wear . It is very effective in improving the properties of polymer composites,

especially their friction and wear properties, by incorporating well-dispersed inorganic



particles into the polymer matrix. This improvement has proven to be very effective . Various
researchers have attempted to increase the strength of the epoxy system using different cure
modifiers.Other researchers have attempted to improve the tribological properties of the pure
epoxy matrix by adding various types of micro- and nanometer-scale fillers to obtain

composite coatings.

1.2 Literature Review

In 13 june 2022 , xinyu shang , lei xue . studied Toughness Improvement of Epoxy Composites
Using a Kind of Environment-Friendly Bio-Based Polyester Polyol Epoxy resin (EP) is a
thermosetting resin with prominent performances and wide applications. However, the
inherent brittleness limits its development in the engineering materials area. A liquid bio-based
polyester polyol (LLP) with flexible long chains was synthesized in this study by melt
polycondensation of corn straw lignin. After being compounded with EP (LLP/EP), the
mechanical property, micromorphology and thermal behavior of the composite were
evaluated. The experimental result indicated that the fracture brittleness of EP composite was
decreased by importing the LLP. The bending and impact strength were up to 113.67 MPa and
51.29 kJ/m? for 10%-LLP/EP, which were 5.25% and 27% higher than those of unmodified
EP. The results of this work build new avenues for the efficient utilization of lignin and the
development of low-cost, high-performance and well environmentally adaptable EP composite

by renewable resources.

In 7 May 2022, yong wen, xudong liu, studied Improving Epoxy Resin Performance Using
PPG and MDI by One-Step

Modification. The toughening modification of epoxy resin by polyurethane prepolymer (PU)
can effectively solve the disadvantage of high brittleness in its application. In this study, a
convenient way to toughen epoxy resins was explored, and the monomers PPG and MDI for
the synthesis of polyurethane prepolymers were used for a one-step modification of epoxy
resins. The test results of viscosity and elongation at break showed that P-M reduced the
viscosity of the epoxy resin and improved the toughness. Especially when the content of P-M
was 25%, the elongation at the break of the modified EP reached 196.56%. From a



thermogravimetric and pyrolysis kinetic analysis, the P-M modification had better thermal
stability than the PU modification. These findings have particular implications for the

toughening and engineering applications of epoxy resins.

In 8 December 2012 , Muhammad M. Rahman, Mahesh Hosur, studied Mechanical
characterization of epoxy composites modified with reactive polyol diluent and randomly-

oriented amino-functionalized MWCNTSs. Increased fracture toughness of diglycidyl ether

of bisphenol A (DGEBA) type epoxy resin was obtained without compromising other desired
mechanical properties, such as strength and stiffness, by combining the benefits of

adding polyether polyol and amino-functionalized multi-walled carbon nanotubes (NH.-

MWCNTSs) simultaneously. The effect of concentration on the morphology of three-phase
nanotube/polyol/epoxy composites was investigated using scanning electron microscopy
(SEM). Mechanical properties were evaluated by three point flexure and single edge notch
bend (SENB) fracture toughness tests. Addition of a polyether polyol to the epoxy resin
increased mode-1 fracture toughness and flexural strain energy, while adversely affecting
flexural strength and stiffness. A synergistic effect was observed with the addition of amino-
functionalized multi-walled carbon nanotubes (NH,-MWCNTS) into polyol toughened epoxy,
with significant improvements in fracture toughness and strain energy as well as in flexural

strength and stiffness. Matrix plastic deformation and lower crosslink density due to polyether

polyol in the epoxy system increased toughness while reducing flexural strength and stiffness.
However, incorporation of uniformly dispersed 0.3 wt.% loading of NH,-MWCNTS into the
polyol-toughened epoxy composites improved the mechanical properties as well as fracture

toughness, compared with pristine epoxy and polyol-toughened epoxy.


https://www.sciencedirect.com/topics/chemistry/fracture-toughness
https://www.sciencedirect.com/topics/chemistry/bisphenol-a
https://www.sciencedirect.com/topics/chemistry/epoxy-resin
https://www.sciencedirect.com/topics/chemistry/polyether
https://www.sciencedirect.com/topics/materials-science/polyol
https://www.sciencedirect.com/topics/materials-science/plastic-deformation
https://www.sciencedirect.com/topics/chemistry/crosslink-density

Chapter two

The theoretical part



1. thermoset polymer

Thermoset polymers (also called thermoset) are a family of plastic materials characterized by
being formed from a liquid solution that irreversibly forms a solid material during the heating
phase. This chapter focuses on some aspects of epoxy polymer chemistry as it includes
examples of stepwise and chain polymerizations used in the synthesis of polymer networks.
The chapter explains the structural transformations such as gelation, vitrification, etc. that
occur during network formation. He then talks about the transformation principles of thermoset
polymers. Techniques for processing thermosetting polymers for a wide variety of applications
are described below.Solid thermoplastic (thermoplastic) is a term given to a special type of
polymer that hardens to a harder state than the first state when exposed to energy. This energy
can take the form of heat (often in excess of 200°C), a chemical reaction (e.g. two parts of an
epoxy), or exposure to radiation. Thermoset materials are often ductile or malleable before
curing, are formed into the desired shape after curing, and are also used as binders.
Macromolecules structure.png Polymer resins can be processed into elastomers or rubber by
crosslinking.Heat is also used to obtain point mass. Magnetic materials do not melt when
exposed to heat after curing. Electrothermal materials are generally harder than thermoplastic
materials. Support for high temperature applications. They are difficult to process, similar to

thermoplastics, which can be formed.

The main applications of thermosets :

matrix composites in building and construction include adhesives and sealants, thermal

insulation, roofing, piping, bridge structures, and repair and rehabilitation of civil structures.




2.2 Epoxy

As a kind of good-performance thermoset, epoxy polymer systems are widely employed like
a matrix material in industries including vehicles, electronics, and aerospace. To get this kind
of versatility, you need to choose an epoxy resin/hardener system that works well and then
process it according to a good curing schedule . Because of their great adherence to a wide
different of substrates, high heat and chemical resistance, and high mechanical characteristics,
epoxy polymers are often utilized as thermosetting substances . These materials are
manufactured by the chemical change of multifunctional epoxy monomers, which results in
the formation of a polymer network that is produced in an irreversible manner . Coatings,
adhesives, electrical insulation, construction, and composites are just a few of the many
applications for epoxy resins. Although coatings account for more than half of all epoxies'
applications, epoxy composite materials are a growing field in their own right . New materials
are being employed in a broad variety of sporting equipment and have even become a deciding
element in high-level competition. Its widespread adoption can be attributed to the significant
performance improvements it brings to sports equipment thanks to the various new materials'
excellent characteristics, such as high specific strength, specific modulus, lightweight, wear
resistance, and so on. several cutting-edge materials, including carbon fiber and epoxy resin

composites, nylon fiber composites, and unsaturated polyester composites .

Some of the aspects in which epoxy is different from other polymers are as follows:
e good mechanical characteristics,

e resistance to chemicals, moisture, and corrosion,

e Thermally efficient,

e Superior adhesion,

e excellent dielectric resistance;

e little shrinkage after curing,

e Its low viscoelasticity

e excellent dimensional stability,



e high degree of machinability

2.2.1 Epoxy Resin Curing

There are a number of crosslinking reactions that can transform epoxy resins from their
flexible thermoplastic state into brittle, hard, thermoset solids . Hardeners are used to harden
epoxy resins, turning them into a strong, infusible, and insoluble three-dimensional thermoset
network. The use of suitable crosslinking agents, also called hardeners or hardeners, in
combination with the appropriate epoxy resins ensures the best possible performance
properties. Field process expertise, pot life, curing environment, and desired physical
properties all play a role in selecting the best curing agent. Hardeners affect not only the
viscosity and reactivity of the formulation, but also the type of chemical properties produced
and the degree of crosslinking that occurs.As a result, these factors affect the quality of
thermosets. Resistance to chemicals, electricity, mechanical stress and temperature. The epoxy
and hydroxyl functional groups of epoxy resins are responsible for the chemical reactivity of
the material. When the epoxide groups react, the oxirane ring opens and linear C—-O bonds
form. This property is responsible for epoxy resins. excellent dimensional stability after curing
and minimal shrinkage. Heat is required for efficient curing of and devolatilization when
polycondensation cures via hydroxyl groups, typically resulting in the formation of volatile

by-products such as water or alcohol .

Applications of Epoxy Resin

Epoxy resins are multipurpose construction materials and coating agents due to their excellent
qualities, which include resistance to humidity and chemicals, good adherence to different
substrates, and outstanding mechanical features. Epoxy resins may be used in three major

areas:.
* Coatings
» Adhesives

» Construction and structural materials



2.2.2 Epoxy as a coating

Epoxy is used as an insulating coating for water leaks in underground reservoirs and sewage
wells, and is sometimes used for waterproofing roofs and houses. Heavy-duty two-part epoxy
coatings have been developed on metallic substrates and use less energy than heat-curing
powder coatings. These systems provide a strong, protective coating with excellent toughness.
One part epoxy coatings are formulated as an emulsion in water and can be cleaned up without

solvents.

Epoxy coatings are often used in industrial and automotive applications because they are more
heat resistant than latex and alkyd-based paints. Epoxy paints tend to deteriorate, known as

"chalking," due to exposure to ultraviolet light.

A change in color, known as yellowing, is a common phenomenon for epoxy materials and is
often a concern in art and conservation applications. Epoxy resins yellow over time, even
when not exposed to UV light. Significant advances in understanding epoxy yellowing were
made by Down first in 1984 (natural dark aging) and later in 1986 (high intensity light aging).
Down investigated several room temperature curing epoxy resin adhesives suitable for use in
glass preservation, testing their tendency to yellow. A fundamental molecular understanding
of epoxy yellowing was achieved, when Krauklis and Echtermeyer explored the mechanical
origin of yellowing in commonly used epoxy amine resins, published in 2018. They found that
the molecular cause of epoxy yellowing was the thermal oxidation evolution of carbonyl

groups in the polymer's carbon-carbon backbone via attack A radical nucleophile.

Polyester epoxies are used as a powder coating for washers, dryers, and other "white goods".
Fusion epoxy (FBE) powder coatings are widely used for the corrosion protection of steel
pipes and fittings used in the oil and gas industry, potable water (steel) pipelines, and concrete
reinforcement. Epoxy coatings are also widely used as primers to improve the adhesion of
automotive and marine paints especially on metal surfaces where corrosion (rust) resistance is
important. Metal cans and containers are often epoxy-coated to prevent rusting, especially for
acidic foods such as tomatoes. Epoxy resins are also used in decorative flooring applications

such as terrazzo floors, laminate floors, and colored aggregate floors.



Epoxies were modified in a number of ways, reacting with oil-derived fatty acids to produce
epoxy esters, which were treated in the same way as alkyds. of which L8 (80% linseed) and
D4 (40% dried castor oil). It was often reacted with styrene to make epoxy styrene esters,
which are used as pre-feeds. Phenolic treatment to make cylinder liners, esters treatment with
amine resins and epoxy pretreatment with amino resins to make resistant top coats. One of
the best examples of this was the system for using solvent-free epoxies to prep ships during
construction, this used a ventilated hot spray system with pre-mixing at the head. This avoided

the problem of solvent retention under the film, which later caused adhesion problems.

2.2.3 Epoxy Resin Toughening

The main disadvantage of epoxy resin is that it is very brittle due to its highly cross-linked
network . Additionally, the inherent brittleness of epoxy resins prevents them from being used
in many high-tech, high-strength applications, such as aerospace adhesives and fiber-
reinforced polymers. apartment This severely limits the possible uses of epoxy resins . For all
these reasons, the highly cross-linked microstructure of epoxy resin makes it very brittle and
hence epoxy resin exhibits low resistance to crack initiation and propagation .Epoxy resin has
a fracture energy that is two or three orders of magnitude lower than that of thermoplastics and
metals. This suggests that epoxy resin needs to be harder to allow for a wider range of
applications. The crack resistance of epoxy resins has been the subject of extensive research
and development in recent years . There are many ways to increase the strength of epoxy
polymers, such as plasticizing, creating an interpenetrating network (IPN), and adding a well-
dispersed second phase consisting of soft rubbery particles or hard inorganic particles.
Particles . Addition of a second phase consisting of materials such as thermoplastics, block
copolymers and hard or soft particles is a commonly used technique for this purpose .When
Inorganic or organic particles are used, the resulting epoxy polymer is referred to as "particle-
filled epoxy resin". On the other hand, when using soft rubber particles, the glass transition
temperature (Tg) is much lower than under service conditions. The process of adding a second

gum phase is commonly referred to as "gum dipping". method .



2.2.4 Unmodified Epoxy Fracture Behavior

The epoxies, in their unaltered forms, break easily and brittlely, tensile stress is the most
prevalent and causes fracture, and the issues of stress concentration noticeable flaws (cracks)
appear. Traditionally, linear elastic fracture mechanics(LEFM) has been used to investigate
the fracturing behavior of these epoxies , This is due to the fact that these materials are very
brittle and only undergo localized plastic deformation when broken. Thus, the strength of
epoxies is often quantified by calculating the critical strain-energy release rate, fracture energy
(the amount of energy per unit area required to initiate a crack), or critical stress intensity

factor (KIC). When doing so, make sure the plane strain situation is minimal.

3. Polyol

In organic chemistry, a polyol is an organic compound containing multiple hydroxyl groups
(—OH). The term "polyol" can have slightly different meanings depending on whether it is
used in food science or in polymer chemistry. The polyols containing two, three, and four

respectively. hydroxyl groups are the diols, triols, and terols,

Polyols can be classified according to their chemistry. Some of these chemicals are polyethers,
polyesters, polycarbonates and also acrylic polyols. Polyether polyols can be further
subdivided and classified as polyethylene oxide or polyethylene glycol (PEG), polypropylene
glycol (PPG) and polytetranydrofuran or PTMEG. These contain 2, 3 and 4 carbons
respectively for every oxygen atom in the repeat unit. Polycaprolactone polyols are also
available commercially. There is also a growing trend to use bio-based (and therefore

renewable) polyols.



Toughness polymer :

Polymer toughness, i.e., the ability of a polymer to exhibit plastic deformation and resistance

to an impact load without failure, is a very desirable property of a material or product.

Toughness

Energy absorbed by material up to fracture per unit volume
(Energy to break a unit volume of material at low strain rate)
« Approximation: the area under the stress-strain curve.

small toughness (ceramics)

large toughness (metals)

Stress, o

Toughness

Stramn, = Brittle fracture: elastic energy
Ductile fracture: elastic + plastic energy

Chapter6 - 29 @

The area is located under the radiation of stress and agitation. To be solid, to be strong and
spreadable. For example, brittle materials (such as ceramics) that are strong but have limited
ductility; On the contrary, the deserters. To be solid you must make it high firm and high
stress. Generally speaking, toughness refers to the operating force that can support it
operate. Unfortunately, cured epoxy systems have one major drawback: significant
brittleness, demonstrating low fracture toughness and poor resistance to crack initiation and
propagation. This severely limits their applicability in applications needing high fracture
strength . There have been a lot of efforts made to enhance their physical properties by
applying a variety of different chemicals that are toughening or strengthening agents . There
are a few different ways that the toughness of epoxy resins may be improved, e.g.,
plasticization of the polymer, induction of an interpenetrating network (IPN), and the
insertion of a second, well-dispersed phase of one of two things: soft rubbery particles or
rigid inorganic particles . Polymer blending can be a cost-effective method for developing a

material with specific properties according to customer requirements .



Chapter three

Experimental part



1. Introduction

This chapter discusses all the experimental process and devises that used to obtained the

experimental test, Hardness, FTIR , tensile strength and impact energy and fracture toughness.

3.2 material
The materials for this project were provided with epoxy resin and use the polyol from the
polymers department laboratories, and the tests were also examined in the department

laboratories.

3.3 Sample Preparation

The first step: prepare the basic materials, which are epoxy resin, polyol additive, and the

tools used are measuring cups. mixing bowl. Protective equipment (gloves, mask and

respirator). As well as the casting mold.

The second step: the added ratios of epoxy resin and hardener are 2:1, and the ratio of polyol
added to the epoxy resin is (0%,1%,3%,6%). The chosen weight of the epoxy material to make
the sample is (150g). Measuring these quantities with an accurate and sensitive scale as in

figure(1). The table(1) below shows the addition of polyol to epoxy resin:

N.of sample | %of Epoxy Hardness Polyol Epoxy
polyol (9) (9) (9) + polyol
(9)
1 0% 100 50 0 150
2 1% 99 49.5 15 150
3 3% 97 48.5 4.5 150
4 6% 94 47 9 150

Table (3-1) below shows the addition of polyol to epoxy resin



Figure(3-1) : A laboratory micro-sensitive balance

Step Three: After completing the weighing of the materials, put the epoxy resin, hardener,

and additive according to the proportions in table (1) in a glass container, and then mix the

material in a mechanical mixer well for ten minutes as in figure(2).

The fourth step: After the mixing process, the mixture is placed in the vacuum device for

10-15 minutes at room temperature, in order to remove the bubbles present on the surface of

the mixture or inside the material.as in figure (3).



g s

Figure 33) vacuum device

Step Five: After the process of removing bubbles from the mixture, the mixture is ready for

the casting process. The mixture is placed in a mold made of silicone rubber to prevent the

sample from sticking to the mold. The curing process is left for 24 hours.

Step Six: After the treatment process, the surface of the sample is cleaned and Be ready for

mechanical tests .




3.4 The devices used
3.4.1 Tensile testing device:

Instron 5556 universal testing machine as per ASTM D-638 1V is utilized to perform the tensile
behavior, Four specimens were examined and the mean value was considered. The crosshead

speed was 5 mm/min with 5KN as the load applied Figure (4).

FIGURE (3-4) TENSION DEVICE

3.4.2 Impact test device :

Impact test was performed according to ASTM D-256-87 by using CEAST resil impact
German, gant (HAMBURG) company (model WP 400 charpy type instrument). All specimens
were fixed in a cantilever position, then the pendulum arm strokes, the energy absorbed by the
specimens in joule unit. The calculation of Impact strength can be done by the following

equation Figure (5).



FIGURE (3:5)..IMPACT DEVICE

3.4.3 Hardness tester device

Such as many other hardness tests, durometer is a measuring the depth of an indentation in the
material generated by an applied force on a standardized presser foot. The residual depth in
the material depends on the hardness of the material, its viscoelastic properties, the form of
the presser foot, and the duration of the test. The initial hardness or the indentation hardness

after a specific time are characterized using ASTM D2240 durometers Figure (6).

Figure (3-6) Hardness device / shore D



3.4.4 FTIR tester device :

The test of FTIR was achieved using a Fourier transform infrared spectrometer and was used
to obtain specific information about the chemical bonds and molecular structure of epoxy
system samples. The (FTIR) test is performed according to (ASTM E1252) by using FTIR
instrument type IR Affinity-1 (made in Japan)[123]. It is available in the laboratory of the
Materials Engineering Faculty/Polymer Engineering and Petrochemicals Industries
Department/ University of Babylon. It is supplied with a DTGS detector that operates at
ambient temperature and a KBr beam splitter. The infrared spectrum was used within a range
of (400-4000)cm-1. For figure (7).

Figure (3-7) FTIR device

3.4.5 Fracture toughness device

The fracture strength is measured according to international specifications with the
previously used tensile device. STM D5045 is one of the standards that can be used
to measure the fracture toughness of epoxy, which is a commonly used thermoset
polymer in various applications such as adhesives, coatings, and composites. The
test involves creating a pre-crack in the epoxy sample and then applying a controlled
load to propagate the crack. The energy required to propagate the crack is measured

and used to calculate the fracture toughness of the epoxy.



Chapter four

Results and discussion



4.1 Introduction
This chapter includes a thorough analysis of all the findings from the experimental work.
The outcomes of FTIR and mechanical tests, such as tensile, fracture toughness, impact,

and hardness tests, are included.

4.2 Fourier Transform Infrared Spectroscopy (FTIR) Results of Blends

The color change of the epoxy used in this study was observed from transparent white to
dark white after the addition of polyol, so we thought that it was possible to form entangled
bonds within the epoxy network due to polyol, and this necessitated an FTIR test. The
FTIR test was carried out for two samples, the first for epoxy and the other for the blend
( epoxy — polyol ) as shown in figures 4.1 and 4.2 . It turned out from the two tests that
there is no new bonds formed due to the addition of polyol, and this indicates that the
darkness formed in the epoxy is caused by the penetration of polyol between the epoxy

bond network as shown in table (4.1)
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Figure 4-1 the FTIR Spectrum for epoxy
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Table (4.1) The wavenumber of the bonds for epoxy

Band name Wave length
value (cm™)
CH Symmetric & asymmetric 3464
stretch 3417
Asymmetric CH stretch of CH2 2924
group
Symmetric CH stretch of CH2 2870
group
1612
C-C vibration 1512
1458
Asymmetric aromatic C-O 1442
stretch
-C-0O-C- 1111
Epoxy ring vibration 933
894
C-H out of plane 833




4.3 Mechanical Tests Result
4.3.1 Tensile Strength & Elastic Modulus

The results obtained from the tensile test indicate a decrease in tensile strength and Elastic
Modulus when the percentage of polyol in the epoxy increases, and these results are
normal, as the penetration of polyol between the chains of the epoxy structure leads to a
slight freedom of movement of the chains, therefore their resistance to the force exerted
in tensile strength , therefore the tensile strength and rigidity decreases as shown in figures
4.3 and 4.4 . Alternatively, the cross-linking density of epoxy may be low due to the
presence of polyols in the mixture, which reduces their density. Except for a small increase
in one percentage, which is the 6%, which may be due to an increase in the percentage of
polyol between the chains, filling the voids between chains, which served to restrict their

movement .

tensile strngth VS % wt. of polyol
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0 1 2 3 4 5 6 7
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Figure (4-3) the scheme of tensile strength with the addition ratio of polyol



Elastic modulus VS % wt. of polyol
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Figure (4-4) the scheme of tensile strength with the addition ratio of polyol

4.3.2 Impact

From the diagram in Figure 4.5, it is noted that the impact strength value increases slightly
by increasing the addition ratio of polyols . That's due to the freedom of movement of the
polymer network chains was improved or due to the lower density of the cross linking due
to the addition of polyols to the mixture, which leads to increased toughness consequently
improved impact strength. But in the last addition (6%), the lack of shock resistance is

possible due to the presence of gaps or defects in the manufacture of samples for this test

Impact strength VS % wt. of polyol

impact strength

% wt. of polyol

Figure (4-5) the scheme of impact strength with the addition ratio of polyol



4.3.3 Fracture Toughness

From figure 4.6 noted the fracture toughness was increase when add polyol from 1% wt.
to 6% wt. That's mean fracture toughness is improving at addition. The improving in
toughness due the addition polyol is permeate in epoxy structural midst cross linking of
epoxy subsequently the density of cross linking is lower. As well the bonds length between
the chains is longer. All that will lead to increasing the flexibility and toughness of the

epoxy.
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Figure (4.6):fracture toughness of Epoxy-Polyol.

4.3.4 Hardness

Using a Shore D Durometer, which measures a material's relative resistance to being
indented while having a load applied to the indenter, the hardness of the samples is
calculated.

The hardness in general reduced due to the decreased modulus of elasticity, that causes
reduce surface hardness which causes the inspection needle to easily penetrate the sample
that result from the presence of polyol which effect on the surface properties and thus the

hardness decreases as show in Figure 4.7 .
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Figure (4-7) the scheme of hardness with the addition ratio of polyol

Conclusions

From the results in chapter four it can be concluded the following:

1. Polyol addition does not form any interactions with epoxy as indicted FTIR analysis.

2. The increase in the polyol addition causes a reduction in mechanical properties
(tensile strength, elastic modulus, and hardness), while causing an improvement in

both fracture toughness and impact strength.



Chapter five

References



Reference:-

[1] S. A. Bello, J. O. Agunsoye, S. B. Hassan, M. G. Z. Kana, and |. A. Raheem, —Epoxy resin based composites,
mechanical and tribological properties: A review,|| Tribol. Ind., vol. 37, no. 4, pp. 500-524, 2015.

[2] J. Bhadra, A. Alkareem, and N. Al-Thani, —A review of advances in the preparation and application of polyaniline

based thermoset blends and composites,|| J. Polym. Res., vol. 27, no. 5, 2020, doi: 10.1007/s10965-020-02052-1.

[3] D. Gunwant, P. L. Sah, and M. G. H. Zaidi, —Morphology and micromechanics of liquid rubber toughened epoxies,||
E-Polymers, vol. 18, no. 6, pp. 511-527, 2018, doi: 10.1515/epoly-2018-0141.

[4] F. Pakaya, H. Ardhyananta, and S. T. Wicaksono, —Mechanical Properties and Thermal Stability of Epoxy/RTV
Silicone Rubber,|| IPTEK J. Technol. Sci., vol. 28, no. 1, p. 7, 2017, doi: 10.12962/j20882033.v28i1.2216.

[5] H. N. Minh, —Epoxy/Titanate Modified Nanosilica Composites: Morphology, Mechanical Properties and Fracture
Toughness,|| Vietnam J. Sci. Technol., vol. 56, no. 2A, pp. 133-140, 2018, doi: 10.15625/2525-2518/56/2a/12641.

[6] A. J. Hsieh, T. H. , Kinloch, A. C. and Taylor, and S. Sprenger, —The Effect of Silica Nanoparticles and Carbon
Nanotubes on the Toughness of a Thermosetting Epoxy Polymer,|| J. Appl. Polym. Sci., vol. 119, pp. 2135-2142, 2010,
doi: 10.1002/app.

[7] Y. Hua, L. Gu, S. Premaraj, and X. Zhang, —Role of interphase in the mechanical behavior of silica/epoxy resin

nanocomposites,|| Materials (Basel)., vol. 8, no. 6, pp. 3519-3531, 2015, doi: 10.3390/ma8063519.

[8] H. N. Minh, N. T. Chinh, T. T. T. Van, D. X. Thang, and T. Hoang, —Characteristics and Morphology of Nanosilica
Modified with Isopropyl Tri(dioctyl Phosphate) Titanate Coupling Agent,|| J. Nanosci. Nanotechnol., vol. 18, no. 5, pp.
3624-3630, 2017, doi: 10.1166/jnn.2018.14854.

[9] F. L. Jin, X. Li, and S. J. Park, —Synthesis and application of epoxy resins: A review,|| J. Ind. Eng. Chem., vol. 29, pp.
1-11, 2015, doi: 10.1016/j.jiec.2015.03.026.

[10] D. Carolan, A. Ivankovic, A. J. Kinloch, S. Sprenger, and A. C.
[11] T. J. Gutiérrez, Reactive and Functional Polymers Volume Four. Book: Springer, 2020.

[12] H. Miuinstedt, Rheological and Morphological Properties of Dispersed Polymeric Materials. Book: Hanser

Publishers, 2016.

[13] G. Luciano, A. Brinkmann, S. Mahanty, and M. Echeverria, —Development and evaluation of an eco-friendly hybrid
epoxy-silicon coating for the corrosion protection of aluminium alloys,|| Prog. Org. Coatings, vol. 110, no. July 2016,

pp. 78-85, 2017, doi: 10.1016/j.porgcoat.2017.04.028.

[14] S. Pourhashem, M. R. Vaezi, A. Rashidi, and M. R. Bagherzadeh, —Exploring corrosion protection properties of
solvent based epoxy graphene oxide hanocomposite coatings on mild steel,|| Corros. Sci., vol. 115, pp. 78-92, 2017,

doi: 10.1016/j.corsci.2016.11.008.



[15] Z. Mahidashti, B. Ramezanzadeh, and G. Bahlakeh, —Screening the effect of chemical treatment of steel substrate
by a composite cerium lanthanum nanofilm on the adhesion and corrosion protection properties of a polyamide-
cured epoxy coating; Experimental and molecular dynamic simulations,|| Prog. Org. Coatings, vol. 114, no. October

2017, pp. 188-200, 2018, doi: 10.1016/j.porgcoat.2017.10.020.

[16] S. J. O. Dagdag , A. El Harfi, A. Essamri, M. El Gouri, S. Chraibi, M. Assouag , B. Benzidia, O. Hamed , H. Lgaz,
—Phosphorous-based epoxy resin composition as an effective anticorrosive coating for steel,|| Int. J. Ind. Chem., vol.

9, no. 3, pp. 231-240, 2018, doi: 10.1007/s40090-018-0152-5.
[17] C. C. Matthews, —Autonomous Indication of Damage in Epoxy Coatings By,|| 2015

[18] K. K. Muna lbrahim, O. S. , Hemalatha Parangusan, Shady Eldeib, and R. Z. and K. K. S. Mohammad Ismail,
—Enhanced corrosion protection of Epoxy/ZnO-NiO nanocomposite coatings on steel,|| Coatings, vol. 10, no. 8, 2020,

doi: 10.3390/COATINGS10080783.

[19] S. Mohapatra, S. Mantry, and S. K. Singh, —Performance Evaluation of Glass-Epoxy-TiC Hybrid Composites Using

Design of Experiment,|| J.

[20] K. Friedrich and A. K. Schlarb, Tribology of Polymeric Nanocomposites. 2008.

[21] A. M. Tomuta, —New and Improved Thermosets Based on Epoxy Resins and Dendritic Polyesters,|| 2013.
[22] E. J. Barbero, Introduction to Composite Materials Design, Third Ed. Taylor & Francis Group, LLC, 2018.

[23] S.-). P. c Fan-Long Jin, Xiang Li, —Synthesis and application of epoxy resins: A review,|| J. Ind. Eng. Chem., vol. 29,
pp. 1-11, 2015, [Online]. Available: http://dx.doi.org/10.1016/j.jiec.2015.03.026.

[24] S. I. Owuamanam, —Fabrication and Characterization of Bio-Epoxy Eggshell Composites,|| 2019.

[25] A. B. and B. Wetzel, —Toughening and Mechanical Properties of Epoxy Modified with Block Co-Polymers and
Titanium Dioxide Nanoparticles,|| ECCM17 - 17th Eur. Conf. Compos. Mater., 2016, doi: 10.1016/j.prostr.2016.06.014.
[26] G. Kortaberria and A. Tercjak, Block Copolymer Nanocomposites. 2017.

[27] C. A. Gorostiza, —Hyperbranched poly((ethyleneimine) derivatives as modifiers in epoxy networks,|| 2016.
[28] I. M. McAninch, —Molecular Toughening of Epoxy Networks,|| 2014.

[29] Y. Tong, —Application of New Materials in Sports Equipment,|| IOP Conf. Ser. Mater. Sci. Eng., vol. 493, no. 1,
2019, doi: 10.1088/1757- 899X/493/1/012112.

[30] T. Vidil, F. Tournilhac, S. Musso, A. Robisson, and L. Leibler, —Control of reactions and network structures of epoxy

thermosets,|| Prog. Polym. Sci., vol. 62, pp. 126—179, 2016, doi: 10.1016/j.progpolymsci.2016.06.003.
[31] G. Poynton, —Multi - component Epoxy Resin Formulation for High Temperature Applications,|| 2014.
[32] F. Ferdosian, —Synthesis, Characterization and Applications of Lignin Based Epoxy Resins,|| 2015.

[33] D. Galpaya, —Synthesis, Characterization and Application.


http://dx.doi.org/10.1016/j.jiec.2015.03.026

[34] D. Haba, —Toughening of epoxy with WS2 nanoparticles, || Thesis, 2016.
[35] R. R. M. Dornbusch, U. Christ, Epoxy Resins Fundamentals and Applications. Book, 2016.

[36] Y. Hao, F. Liu, and E. H. Han, —Protection of epoxy coatings containing polyaniline modified ultra-short glass

fibers,|| Prog. Org. Coatings, vol. 76, no. 4, pp. 571-580, 2013, doi: 10.1016/j.porgcoat.2012.11.012.

[37] H. Jin et al., —Fracture behavior of a self-healing, toughened epoxy adhesive,|| Int. J. Adhes. Adhes., vol. 44, pp.
157-165, 2013, doi: 10.1016/j.ijadhadh.2013.02.015.



