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The Aim of Project

Preparation of a composite material of epoxy coating reinforced
with Nano clays, study of its tribological and mechanical properties and
its adhesion properties to the concrete floor layer.




Abstract
Floor coating is one of the modern methods, or it is one of the ways

to replace common floors such as (ceramic, cashew, alabaster, etc.) with
epoxy paint. The properties of epoxy floor coatings were studied in terms
of mechanical properties, wear resistance, and tribological properties.
Where nanoclays (MMT for epoxy) were added for reinforcement in
different proportions [0, 0.5,1,2 and 4%] using the Ultrasonic dispersing
device and the results showed that the wear resistance of the
nanocoposites coating reinforced with 2% nano clay was improved by 82
% compared to pure epoxy. The hardness was increased by 13.8%
compared to pure epoxy while the adhesive strength decreased with
increasing the weight percentage of nanoclay in the composites.




CHAPTER ONE

General Introduction

1.1 Introduction
Epoxy is the family of basic components or cured end products of

epoxy resins. Epoxy resins, also known as polyepoxides, are a class of
reactive prepolymers and polymers which contain epoxide groups. The
epoxide functional group is also collectively called epoxy The IUPAC
name for an epoxide group is an oxirane [1].

The term "epoxy", "epoxy resin", or "epoxide" (Europe) refers to a
broad group of reactive compounds that are characterized by the presence
of an oxirane or epoxy ring as shown in the figure below[2].

Epoxy resins may be reacted (cross-linked) either with themselves
through catalytic homopolymerisation, or with a wide range of co-
reactants including polyfunctional amines, acids (and acid anhydrides),
phenols, alcohols and thiols (usually called mercaptans). These co-
reactants are often referred to as hardeners or curatives, and the cross-
linking reaction is commonly referred to as curing [3].

Reaction of polyepoxides with themselves or with polyfunctional
hardeners forms a thermosetting polymer, often with favorable
mechanical properties and high thermal and chemical resistance. Epoxy
has a wide range of applications, including metal coatings, composites
use in electronics, electrical components (e.g. for chips on board ), LEDs,
high-tension electrical insulators, paint brush manufacturing, fiber-
reinforced plastic materials, and adhesives for structural and other
purpose [4].

The health risks associated with exposure to epoxy resin
compounds include contact dermatitis and allergic reactions, as well as
respiratory problems from breathing vapor and sanding dust, especially
when not fully cured.[5]




1.2 Structure of Epoxy Resin
The epoxy groups at both terminals of the molecule and the

hydroxyl groups at the midpoint of the molecule are highly reactive . The
outstanding adhesion of epoxy resins is largely due to the secondary
hydroxyl groups located along the molecular chain; the epoxy groups are
generally consumed during cure[6] . The large part of the epoxy resin
backbone contains aromatic rings, which provide a high degree of heat
and chemical resistance[7]. The aliphatic sequences between ether
linkages confer chemical resistance and flexibility [8].

The epoxy molecule can be of different molecular weight and
chemistry. Resins can be low viscosity liquids or hard solids. Low
viscosity can be obtained at 100% solids, which results in good
penetration and wetting [9].A large variety of polymeric structures can
be obtained depending on the polymerization reaction and the curing
agents involved. This can lead to versatile resins that can cure slowly or
very quickly at room or elevated temperatures [10].

No small molecules such as water are liberated during the curing
process. Thus, epoxies exhibit low shrinkage, providing a very low
degree of internal stress when cured [11].

Epoxy resins that are commercially produced are not necessarily
completely linear or terminated with epoxy groups. Some degree of
branching occurs, with the end groups being either epoxy or hydroxyl.
The amount and degree of branching vary from resin to resin and from
supplier to supplier. Epoxy resins are not completely difunctional. Tri-,
tetra- and polyfunctionality are possible. Various end groups can be
introduced as a consequence of the manufacturing process

1.3 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 [3].

Epoxy resins may be used in three major areas:
-Coatings
-Adhesives

» Construction and structural materials [12].
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CHAPTER TWO

The Theoretical
Part
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2.1 Epoxy Coating Mean
An epoxy coating is a coating compound consisting of two distinct

elements: an epoxy resin and a polyamine hardener (also known as a
catalyst). When mixed, the resin and hardener engage in a chemical
reaction that creates cross-linking of the elements as it cures. When the
epoxy coating is fully cured, the resulting product is a durable, rigid
plastic coating with numerous desirable mechanical properties [13].

2.2 Advantages of epoxy coating:
Epoxy coatings are renowned for their outstanding mechanical

properties, such as hardness and durability, and abrasion, impact and
chemical resistance. These attributes make epoxy coatings an ideal
protective coating material for components in demanding industrial
settings.

Epoxy floor coatings, for example, are commonly used to extend
the life of concrete floors in industrial facilities, warehouses, logistic
centers and other locations that are subjected to light vehicular traffic and
medium to heavy foot traffic. Its resistance to attack from chemicals, such
as those found in oils, cleaners and bleach, make epoxy coatings a
popular protective medium in the automotive industry. Fusion bonded
epoxy coating technology is used extensively in the oil & gas and
water/wastewater industry to protect pipeline assets from corrosion [14].

2.3The types of coating by epoxy:

2.3.1LIQUID EPOXY COATINGS FOR ABOVE AND BELOW
GROUND PIPELINES
Protal ARO™ is a VOC free, 100% solids liquid epoxy coating

formulated for application over FBE as an abrasion resistant overlay
coating (ARO). It is a 3:1 ratio coating that can be spray or hand applied
in the shop or field. It can be used to protect FBE mainline coatings for
directional drilling, bores, river crossings and other rough terrain
applications. Protal ARO can also be used to provide additional
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protection to the coating on bends, fittings and fabrication when severe
handling or rough terrain exists [15].

Figure-2.1- Epoxy coating for crude oil pipes

Protal ARO should not be applied directly to steel Protal 600 CTE
Low VOC™ js a two-part high build coal tar epoxy that has low VOC. It
can be applied as a single or two-coat system. It uses polyamide
technology with excellent abrasion and chemical resistance. For long-
term corrosion protection of steel and concrete substrates against water,
wastewater, seawater, alkaline water and acidic water corrosion [16].

Protal 600 CTE Low VOC is designed to coat steel piles, sheet
piles, lock gates, reservoirs, non-potable water pipelines, treatment /
storage tanks, bridges and many other aggressive industrial applications
[17].

13




2.3.2. Epoxy coating floor
Floors and epoxy coatings are becoming increasingly popular for

use as commercial and industrial flooring. There are a number of different
types of epoxy coatings that can be used on floors including self leveling
epoxy coatings, self-dispersing epoxy coatings, mortar epoxy coatings,
graveled epoxy coatings, epoxy terrazzo coatings, epoxy antistatic
coatings, and vapor barrier epoxy coatings. Each of these types of epoxy
coatings offers distinct advantages and disadvantages when compared to
the others as shown in figure[2.4] [18].

Flowshield SL

Figure 2.4 layers of epoxy coating for walls.

2.4. Epoxy Coating Choices for Flooring:
-Self Dispersing Epoxy Coatings for Floors: This type of

epoxy coating is commonly used in areas that receive frequent forklift
or heavy truck traffic as it has very good mechanical strength. Another
type of this durable epoxy coating is self dispersing epoxy with quartz
sand. This type of epoxy coating is commonly used in food processing
industries or other locations where liquids are present because it has
good anti-slip characteristics. [19]

-Self Leveling Epoxy Coatings for Floors: Self leveling epoxy
coatings are easy to install over new and old concrete floors as they level
easily creating a seamless and smooth surface. Self leveling epoxy
coatings can be used in kitchens, dining rooms, storage places, garages,
warehouses, office buildings, and more.
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-Mortar Epoxy Coatings for Floors: This is the strongest of all
epoxy floors. This type of epoxy coating is commonly used in heavy
industry applications and can also be used to repair cracks before lying
other types of epoxy floors.

-Graveled Epoxy Coatings for Floors: Graveled epoxy coatings
are the most decorative epoxy flooring choice and they can be used for
adding logotypes, brand marks, and decorative details to floors.

-Epoxy Terrazzo Floor Coatings: This type of epoxy flooring is
very decorative and easy to clean. Epoxy terrazzo flooring is commonly
used in large areas including hallways and entrances of commercial
buildings, schools, and office buildings.

-Epoxy Antistatic Floor Coatings: This specialized epoxy coating
Is designed for use where static-sensitive electronic components are in
permanent use and a static-free environment is most important such as in
laboratories, hospitals, and electronics equipment manufacturing plants.

-Vapor Barrier Epoxy Coatings: Liquid epoxy vapor barriers are
applied directly over concrete floors to provide an impenetrable surface
that reduces vapor transmission to nearly zero. These epoxy coatings are
typically applied prior to adding the final flooring surface including sheet
vinyl, tile, carpet, or hardwood floors] 27].

* Epoxy Flaked Floor Coatings: This is not exactly a type of epoxy
flooring, but rather a style of applying epoxy coatings. With this epoxy
flooring technique, multi colored flakes or chips are added over the epoxy
coating while it is still wet in order to provide a decorative finish or look
[19].
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Figure -2.5- coating floor [19]

From protecting pipelines to sealing warehouse floors, an epoxy
surface coating protects surfaces strengthens materials, and protects them
from corrosion and decay, making epoxy one of the most widely used
industrial finishes. While epoxy coatings may initially cost more than
other types of surface coating materials, its ability to provide superior and
durable corrosion resistance, adhesion, and flexibility to a variety of
surfaces ultimately make it a more economical choice, as the need to
reapply the coating may be less frequent when materials are prepared
well [20].

2.5 Types of Epoxy Surface Coating
There are a variety of applications for epoxy-based materials on the

market, including coatings, adhesives, and the creation of composite
materials. Those used for surface coatings are known for their good
mechanical properties, electrical insulating properties, adhesion, and
chemical- and heat resistance [21].

The most common types of epoxy resins include bisphenol A,
bisphenol F, and phenolic novolac. Hardeners, or co-reactors, used with
epoxy resins include polyamide, amidoamine, phenalkamine, aliphatic
amine adducts, cycloaliphatic amine, aromatic amine, an aliphatic amine.
The best resin and co-reactant combination depend on the purpose of the
application and the performance requirements sought. If you seek a
coating with high chemical and corrosion resistance, for instance, you
may use a phenolic novolac resin with a polyamide co-reactant [22].

2.6 Epoxy Surface Coating Considerations

Epoxy coatings require specific environmental conditions to ensure
the success of their application, as well as the proper preparation of the
respective surfaces. When applying an epoxy coating to steel, for
instance, you may need to remove the thin corrosion layer that naturally
forms on the surface. Methods of cleaning surfaces include the use of
chemicals or blasting products [23].

After you prepare and clean a surface, it becomes vulnerable to
environmental contamination. When working with steel, for example, it
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takes as little as 30 minutes for flash rust to form [24]. The longer you
wait to apply an epoxy surface coating, the shorter the expected field
longevity becomes. For this reason, manufacturers provide specific
instructions regarding how quickly to apply the first coating and the ideal
environmental conditions [25].

In general, epoxy manufactures recommend the following
conditions:

-Temperature: Above 55° F, or at least 5° F above the dew point,
for the first 72 hours of drying; some coatings require thermal cures using
high heat Relative humidity levels: 85 percent or less --Air: The area
should have air circulating over the surface as it dries -Induction time: It
Is critical to allow the freshly mixed material to stand for the
recommended amount of time, especially in humid or cold conditions

-Pot life: The amount of time the coating material remains suitable
for use after mixing the resin and hardener; if you exceed the pot life, the
coating may look usable but will perform poorly .

The success of a protective epoxy coating depends on the surface’s
cleaning and preparation, as well as the ambient conditions to which the
surface is exposed during the preparation, application, and curing periods.
When a controlled environment, such as a factory, isn’t available,
professionals look to temporary climate control solutions to create the
ideal ambient conditions for every step of the epoxy surface coating
process. From shipyards to power plants to construction sites, Polygon’s
custom temporary climate control technologies give you the ultimate
control over ambient conditions, so your project is no longer at the mercy
of the weather or HVAC systems. Contact Polygon to learn more about
how its climate control solutions will enhance epoxy surface coatings and
keep your project on schedule and within budget [26].

2.7 The Nano clay
Nano clay is a component composed of phyllosilicates, which are

compounds based on the elements of oxygen, silicon, and other
components and are degraded from natural sources and pretreated
chemically. After further processing steps, Nano clay is used in different
products. Due to their layered structure, they can swell or shrink as water
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accumulates or is withdrawn between layers. It is possible to increase the
volume of Nano clay up to six times by water absorption and form stable
gels. Nano clay has unique properties due to which, its uses can be found
in different sectors such as to convert desert sand into fertile land. In this
article, we’ll see what is Nano clay and how it is used for different
purpose [28].

2.8 Structure of Nano clay
Nano clay is composed of phyllosilicates which include groups of

minerals such as talc (Mg3[Si4010(0OH)2)), Mica
(KAI2[AISI3010(0OH)2]), kaolin (AI2[Si205(0H)4]), montmorillonite
(Mg0.33Al1.67[Si4010(0OH)2](Ca, Na) x (H20)n ), Serpentine
(Mg3[Si205(0H)4]) or sepiolite (Mg4[Si6015](OH)2 4H20). Among
other things, nanoclay differ in the size and sequence of the regions in
which the SiO4 tetrahedra are oriented upwards or downwards in the
layers. Additionally, nanoclay differ in the nature of the embedded ions.
It has been shown that inhaling nanoclay particles causes only minimal
and transient inflammation in the lungs. So far, there are no data on how
nanoclay behave in the environment [29].

Montmorillonite, the most technically significant clay mineral as
the main constituent of bentonite, is composed of SiO4 tetrahedron
bilayers with deep-rooted octahedral layers of aluminum, iron, and
hydroxide ions. A common montmorillonite particle comprises of
approximately 1 nm thick aluminosilicate layers with lateral sizes in the
series of 700 nm to about 10 um, which accumulate into big stacks [30].

Figure 4 the structure of Nano clay

2.9 Applications of Nano clay
Nano clays have very important applications in different sectors.

Some of the important ones are stated below:
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1. They are not flammable; therefore, they are used in fire
protection for plastics: Nanoclays are mixed in plastic, which decreases
the quantity of combustible material. And when the plastic burns, it forms
a layer that prevents the plastic from burning on .

2. Nanoclays are used as a plastic additive in food packaging films
or beverage bottles (NOT in Europe). Plastic is thereby reinforced, less
oxygen penetrates the film, so the food lasts longer or less carbon dioxide
escapes the bottle. Nanoclay added plastics also have improved barrier
and abrasion properties, higher tensile strength, low thermal expansion,
superior surface qualities, and very good processing properties.

3.Nanoclays are also extensively used in paints.

4.Nanoclays can bind cesium and be employed for reducing
theradioactive contamination.

5.To use as cat litter, a mixture of sepiolites, zeolites, bentonites
or montmorillonites is used. They are characterized by a high absorption
capability for water and odor-causing elements of cat feces and urine.

6.The use of phyllosilicates as fillers for polymer coatings in
textiles is also being investigated.

7.The outstanding property profile of Nanoclays makes plastic
nanoclay composites an exciting alternative to conventionally reinforced
materials. In addition, nanoclay can be used to chemically mix
incompatible plastics.

8.Nanoclay is not self-igniting, even as a finely divided mixture
with air (dust) under the action of an ignition source. As nanoclay is not
flammable, so there is no possibility for a dust explosion.

9. In combination with halogen-free mineral flame retardants, the
addition of only 3% nanoclay to the plastic reduces the amount of
aluminum trihydrate (ATH) required to pass the fire test by ten percent,
while at the same time offering better flexibility and processing of the
plastic.[31]
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2.10 Previous Studies
Mohammad Reza et al, they studied the effect flooring grade

epoxy/nanoSiO2  nanocomposites  were  prepared by in-situ
polymerization method.Nano silica was treated by coupling agent in order
to surface treating and introducing of reactive functional groups to
achieving adequate bonding between polar inorganic nano particles and
epoxy organic polymer. y-Aminopropyltriethoxysilane (Amino A-
100)was used as an effective and commercially available coupling agent
and nano silica treated in acetone media.SEM observations of cured
samples revealed that the nano silica was completely dispersed into
polymer matrix into nanoscale particles. Thermal and physical
properties  of prepared samples were investigated and data showed
improvements in physical and mechanical properties of the flooring
samples in comparison with unfilled resin [33].

Fahriadi Pakayal et al., (2017) Studied the mechanical
characteristics and thermal stability of thermoset epoxy as a function of
room temperature vulcanization (RTV) silicone rubber content (5%, 10%,
15%, and 20% wt%). Thermoset epoxy with added RTV silicone rubber
was subjected to testing and characterisation. Not only that, but RTV
silicone rubber now has a lower tensile strength, elongation at break, and
hardness. When 15% RTYV silicone rubber was added, the best values for
energy and impact strength were reached: 0.294 J and 6175 J/m?
respectively. Additionally, thermoset epoxy's thermal stability may be
enhanced by using RTV silicone rubber [34].

Ahmed J Farhan and Harith | Jaffer (2020) Prepared
epoxy/RTV silicon rubber (SR) and unsaturated polyester/RTV silicon
rubber (SR) blends are made by combining epoxy resins with SR and
UPE resin with SR at weight percentages of 3, 5, 7, 10, and 20
respectively. This study aims to determine the mechanical characteristics
of epoxy and unsaturated polyester as a function of RTV silicone rubber
content (3, 5, 7, 10, and 20) wt%. Some of the mechanical parameters that
were looked at were the impact strength, Shore D hardness, Young
modulus, and flexural strength. The impact strength of the EP/SR and
UPE/SR blends is maximized at 10%wt SR and 5 wt SR, respectively,
according to the experimental data. In both EP/SR and UPE/SR, the
hardness value was partially reduced as the SR component grew from 3%
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to 20%wt. As the SR component grew from 3% to 20%wt in both EP/SR
and UPE/SR, flexural strength quickly declined [35].

Nachiket G. Chanshettil and Anil S. Pol (2016) Examined the
wear resistance and hardness of epoxy composites that have been
supplemented with titanium dioxide (TiO2) and tungsten carbide (WC).
There were three distinct volume proportions of TiO2 and WC put into
the epoxy matrix: 5% ,and 10%. The specimens were made using the
hand layup method, which included pouring epoxy and a combination of
reinforcements into wooden molds. The tests were conducted in
accordance with ASTM G99-95a and ASTM D 2240 standards for wear
and (shore-D) hardness, respectively .Specimen wear resistance was
evaluated using a pin-on-disk setup at different loads and rotational
speeds. It was shown that both types of reinforcement in an epoxy matrix
result in a decreased wear rate compared to neat epoxy. When compared
to unfilled epoxy and 5% TiO2 filled epoxy ,as well as 10% TiO2 filled
epoxy, the wear rate of the 10% TiO2 filled epoxy is reduced at all
amounts of load. When it comes to WC filled epoxy composites, both
5% and 10% of WC filled epoxy composites will provide outcomes that
are superior to unfilled epoxy resin in terms of decreased wear rate[36] .
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Chapter Three

Experimental Part
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3. Introduction
This chapter discusses all the experimental process and devises that

used to obtained the experimental test, Hardness, Pull off, Wear and
SEM test.

3.1 Materials
We have been supplied with materials for this project epoxy and

nanoclay from the laboratories of the Polymers Department; the tests
were also checked in the laboratories of the department.

PRODUCT INFORMATION
Packaging 2 kg (A+B) P
b
Colour Yellowis! h/trans paren t
Shelf life 12 months when unopened and stored
Storage conditions +5°C to +40°C
Density 1.1 kg / Itr
Viscosity 290 c. poise at 20°C R.T. type
130 c. poise at 30°C R.T. type
Mixing Ratio v weig! v )
Pot Life 2kg R
15 min
30 m
60
Characteristic properties Cloisite™ [5A Cloisite™ 30B Cloisite™ Na’
Organic modifier Dimethyl, dehydrogenated Methyl, tallow, None
tallow, quaternary bis-2-hydroxyethyl,
ammonium quaternary ammonium
Modifier concentration 125meq/100 g clay 90meq/100¢ clay None
% Moisture <2 <2 4.9
% Weight loss on ignition 43 30 7
Typical dry particle sizes (microns)
10% less than /3 2 2
50% less than 6 6 6
90% less than 13 13 13
Density
Loose bulk, g/cc 10.79 14.25 12.45
Packed bulk. g/cc 18.64 22,71 20.95
Density, g/cc 1.66 1.98 2.86
Color_ Off White Off White Off White
dogy (A) 3L5 185 11.7

3.2The devices used
3.2.1 Hardness tester

A hardness test is required to measure the resistance of a material
to indentation. A Shore D durometer instrument model (TIME 5431)
made in China was used to test hardness samples. The specimen is
circular in shape, as shown in figure 3.1[39].The test was done according
to ASTM (D2240) [40]. The Shore device has a needle applied in a
perpendicular direction to the sample. To obtain correct readings, the
surface of the sample must be smooth and clean with a thickness of not
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less than 3 mm. Each specimen was tested six times at different positions
on each specimen at the same time, and the final hardness is an average
of them. Features of the Time TH210 Shore D Hardness Tester: pocket-
sized Shore D Digital Hardness Tester with integrated probebright LCD
displaydisplays hardness result, average and maximum hardness values
peak value lock battery indicator measuring range of 0-100 HD 300
hours of operation with standard batteries automatic shut-off conforms to
standards DIN 53505, ASTM D2240, ISO 7619, JIS K7215
manufacturer's certificate of conformity. optional 4,5 v AC/DC adaptor
Figure (3.1).

Figure 3.1 Hardness device/ shore D

3.2.2 Pull-off Adhesion Test

A satisfactory pull-off test according to ASTM D-4541[41] is a
common method for testing coating and adhesion quality; it entails
adhering a dolly to a substrate (metal) with glue . Then, the dolly and the
adhesive or coating are taken off the substrate by pulling perpendicular to
the surface. Epoxy, epoxy mixtures, and WC/epoxy nanocomposite are
used as coatings Figure (3.2) [42].

Figure 3.2 Pull-off samples adhasion

3.2.3. Wear test
The wear test was achieved according to ASTM G99-17 [43] using
a pinon-disc machine U.S.A MT4003 version 10 micro-test. A polymer
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disc with dimensions of 40 millimeters in diameter and 4 millimeters in
thickness was moving around a steel pin(16 Mn Cr5) with dimensions of
6 millimeters in diameter, a hardness of sphere of HRC 56, and a surface
roughness of R=3.2 micrometers in a vertical configuration under a load
of 30 newtons. At a speed of 300 rpm, a sliding distance of 235 m, and a
time of 25 min, the pin was gliding along a track that was 24 millimeters
in diameter. The wear specimen is shown in Figure (3.3).The test was
done in the laboratory of Babylon University/College of Material
Engineering/Department of Metallurgical. The investigation into the wear
rate, which is shown below,uses the following relation

W.R=AW /S.D.ccevvvrrrrreeennnnen. (3.1)

Where-:

W.R: The weighted measure of sliding wear is expressed as grams
per millimeter.

The following relationship will be used to compute the change in
weight (AW) that occurred during the experiment: -

AW=W1-W2...oottrirrreerernneennn. (3.2)

Where-:

W1: Before the analysis, the sample's weight (g)

W2: The sample's final weight after being tested (g)

Figure 3. 3: (a) Aschematic of wear specimen, (b) wear test sample.
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Figure (3.4) wear tester

S.D: a sliding distance that is determined from the lows that are
presented below :

S: the rate of sliding (in millimeters per minute).

t: the time of test (min).
3.3. Sample Preparation

The surface has been prepared to obtain good adhesion and
adhesion layer. At first, we cleaned the concrete surface, cleaned it with
ethanol, dried it and applied a layer of masking tape with a thickness of
24 mm to obtain a coating layer of the same thickness as the masking tape
layer. we added the nano-clay to the epoxy and mixed it using setters and
added the hardener, and dispersed the mixture using ultrasonic waves,
then we entered it into a vacuum system to remove bubbles. Next, the
mixture is painted on the surface and left for 24 hours at room
temperature, then we make curing at a temperature of 80 °C for an hour
and at 120 °C for an hour too.

Figure (3.5) nanocomposit coating preparation
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Results and discussion
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Coefficient of Friction
It can be seen from Figure 10 that the friction coefficient of the

pure epoxy sample was generally around 0.525, with increasing the nano
clay percentage to the 2% percentage, the friction coefficient of the
sample decreased to around (0.25) and this behavior due to the role of
nanoclay that play as a solid lubricant. When the nano clay content
reached to the 4%, the coefficient of friction increased to the 0.36, this
due to increasing the percent of agglomerated portion of nanoclay in the
epoxy matrix.

0.70 —
0.65
0.60
0.55
5 0.50
5 045
c ]
LL 0.40
= ]
2035
= ]
.2 0.30
0 1
£ 0.25 "
8 <4
S 020
0.15
0.10
0.05

0.00 +— : : : : : : : : :
00 05 10 15 20 25 30 35 40 45 50

Nanoclay percentage %

Figure 1 Friction test

Hardness
Fig. 4 shows the average hardness of different samples. By adding

nanoclays into epoxy resin, the hardness of the composite increased
proportionally with the nanoclay contents, where the hardness increased
around 20% for epoxy reinforced with 4% nanoclay as a compare with
pure epoxy coating. Hardness varies with the weight percentage of the
filler material, which is to be expected because the nanoclays used have a
higher hardness than the epoxy resin itself and good dispersion leads to
an almost continuous increase in composite hardness.
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Figure 2 Shore D test

Pull off test
Adhesion testing has become a popular method of quantifying the

strength of paints and coatings. One of the most popular methods for
investigating adhesion strength is the quantitative pull-off test. A pull-off
test compliant with ASTM D-4541 is one of the universal procedures
used for quality coating checks; this involves a gluing the dolly to the
concrete surface, then pulling the dolly using a force perpendicular to the
surface to remove the dolly and the coating from the substrate.

The method includes an evaluation procedure, known as adhesion,
which tests the strength of the pull-off for coatings on solid substrate
concrete. Surface maintains intactness at a specifically prescribed force,
resulting in either a pass or fail; the durability of the highest
perpendicular strength of a specific surface area before the detachment of
plug material can also be ascertained.

The results showed that the adhesive strength decreased with
increased the weight percentages of nano clay, this behavior due to
presences the clay at the interface between epoxy coating and concrete
substrate.
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Figure 3 Pull off test

Failure in the pull- off test for adhesion can either be a result of
concrete substrate failure, or a failure occurring between the layers of the
particulate composite. In our cases, most failure modes were Adhesive
failure between substrate and coating material.
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Wear rate test

Wear resistance Fig. 4 shows the test results of the wear resistance
of the pure epoxy and epoxy reinforced with different weight percentages
of nanoclay. In general, the wear resistance increased with increasing the
percentage of Nano clay, and the results showed that the sample with 2%
nano clay weight percentage has the highest wear resistance. This
behavior may be due to the decreasing the coefficient of friction for all

samples that reinforced with nano clay.

Wear rate
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Figure 4 Wear rate test

Scanning Electron Microscopy

The SEM of the fractured surface of the sample with different
weight percentages of nanoclay is shown in Fig5. The results showed
that the wear resistance of samples reinforced with nanoclay were
enhanced due to decreasing the coefficient of friction and the sample
reinforced with 2% weight percentage of nanoclay have a higher wear

resistance.
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Figure 5 The SEM images of nanocomposite coatings containing

32




Conclusion

1.

In this work, the hardness and tribological properties of the
epoxy reinforced with the nanoclay content of up to 4 wt.%
were investigated. Both properties increased with increasing
content of nanoclays. The improvement in the wear resistance
of the nanocoposites coating compared to a pure epoxy can
provide an adequate compatibility among novel nanocomposites
for surface coatings. A correlation of hardness and friction
coefficient with the wear resistance of the nanocomposites with
the percentages of intercalated nanoclay.

The adhesive tests showed that the adhesive strength decreased
with increasing the weight percentage of nanoclay.
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