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Abstract

Recycling wastes is now of vital worldwide importance. The production of glass is one of several wastes,
especially in the public, private, and construction sectors, due to the growing population, an increase in human
activities. The goal of this work is to create a new product by solid waste (waste of glass) with modified properties,
lowest cost and the possibility of employing them as substitute materials in a variety of applications. Four sets of
samples were made by hand lay-up molding with 50% weight fraction, two sets of samples were made and cured
at room temperature, while the others were cured at 50°C for two hours. Each set was made up of both reinforced
and unreinforced epoxy. Composites reinforced with these particles showed increase in some mechanical properties
when compared to elegant epoxy resin. The highest value of compressive strength was (80.86 MPa), Young's
modulus (2097MPa) and Vickers hardness (31.44) while Flexural Strength and Impact Strength were decreased.
The best values were obtained for post cured at 50°C composite specimens. This proves that epoxy has been
modified after being reinforced with waste glass, allowing it to be used in a variety of applications.

Keywords:Epoxy Matrix Composite ; Glass Waste ; Recycling ; Mechanical Properties; Particulate Composites.

Introduction

The main challenge in most materials engineers
are development of durable composite material. In
recent decades, particles ceramic filled with polymer
composites have attracted the attention of scientists
and scientific research, which revealed the good
characteristics of polymer composite materials as a
kind of engineering materials with improved corrosion
and friction properties. Due to their good mechanical,
tribological and thermal characteristics, polymer
composites have become key part for industrial
applications. In addition to their simple process ability
and low cost. Polymer composites are engineering
materials with unique properties. Epoxy is one of most
common thermosetting resins applied in composites as
a matrix [1-3].

In the late 1940s epoxy resins were
commercialized, and since then they have been used in
many industrial and commercial applications on a
large scale. Epoxy resin has good chemical resistance,
wear resistance, low shrinkage, better hardness, good
adhesion and thermo mechanical properties, good
dielectric strength, etc., epoxy under the influence of

aggressive solvents can retain its physical and
mechanical properties. Also epoxy resins bond to
materials such as ceramics, metals, stone, wood, glass,
and plastics[4,5].

Glass is a versatile and recyclable material[6]
.With the rapid economic development of the country
recently, the interest in the efficient use of waste glass
has increased. Improving the economic and social
benefits of the driving force is the main challenge of
glass recycling. One of the main benefits of this
technique. Simple operation, reduce the proportion of
raw materials , Low price, high energy efficiency ,
environmental protection, show broad prospects for
applications and great potential [7-9].

Tomas et al. [10] Conducted on the possibility of
demonstrating the appropriateness of using waste
glass in polymer stabilization materials. A large
amount of glass waste generated during the use,
manufactured and recycling of various types of glass
and its impact on the properties of the polymer,
packaging glass materials have shown the best
properties. Through the specification of tests for
tensile properties, pull test, thermal resistance and
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temperature control during the polymerization
process.

Yasmin et al. [11] graphite composites platelet
reinforced, showed high improvement in tensile
strength and modulus along from thermal stability
compared with pure epoxy.

Anuja et al. [12-13] found that incorporation of
CaSiOs3 fine particles at 1-2% by weight with pure
epoxy improves mechanical properties when
compared to elegant epoxy resin. Also, the thermal
behavior reinforced and unreinforced epoxy was
studied by thermogravimetric analysis (TGA), to
discover the thermal stability of the composites.

Agrawala et al. [14-15] analyzed the
performance of epoxy-based composites filled with
small-format solid glass pellets (SGM) , the densities
of all manufactured samples were calculated. The
results of mechanical and physical tests showed that
the reinforced samples have less porosity, and improve
flexural and impact strength , microhardness, though
tensile strength is compromised marginally .With
improved physical and mechanical wear and slip wear,
currently manufactured composites can be used in
applications where predominated wear.

Bharadwaja et al.[16] in this paper, the Epoxy
Composite Association presented a study of the effect
of the epoxy composites of SiO; particles on the epoxy
composites gum. The results showed improvement in
general mechanical and wear resistance such as
Charpy's test, bending (three (3) points), impact test,
mechanical properties and for use SiO; epoxy
composites.

The plan of this study aims to recycle waste glass
and utilizing as reinforcement for polymer matrix
(epoxy resins) and manufacturing composite materials
with new modified properties at the lowest cost for
cleaning the environment from these solid pollutants
and the possibility of using them as alternative
material for different applications.

2- Materials and Methods
1. Waste glass

The source of waste glass used in this work was
window waste featuring collected from local window
glass vendors. After collection, separated forming
bodies and cleaned by water to remove any impurities
and glass powder were obtained after crushing
window glass by an electric ceramic crusher and grind
by a special ball mill made of porcelain. A sieving
process was performed on the glass powder using a
vibrator (sifting) / shaker, to gain particle size of
(0.212-0.075 p m). It's important to note that this
process took two days.

2. Epoxy Resin
The epoxy resin used in the current work is
Sikadur®-52 , purchased from Sika™, with a low
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viscosity inection-liquid ,high mechanical and
adhesive strength. Epoxy is a two- part liquid system
that consists of the resin and the hardener. When these
two parts mix with ratio 2:1 they react upon time to
form a solid cast after around 24 hours when left at
room temperatures and post cured at 50°C for two
hours . Epoxy was the matrix material of the composite
prepared.

3.Preparation of Specimens

The manual method (Hand lay-up) was used to
manufacture the samples required for the research
using a ready-to-cast mold made of silicon as shown
in figure (1), according to the American Society for
testing and materials standard (ASTM). Pure and
composite samples were prepared by mixing epoxy
and glass particles by (50%) weight fraction and
mixing them thouraly for (8-10) minutes to obtain a
homoge dispersion. The mixture then was poured into
the mold so that it flows regularly and continuously.
Samples were demold after 24 hours from the time of
casting at room temperature. Four groups of
specimens were prepared, two of them were cured at
room temperature and the others were cured for two
hours at 50°C. Each group consist of reinforced and
unreinforced epoxy.

Fig.1. Mold.

Mechanical test

In each test, four sets of glass epoxy composites
were used. The first set was cured at room temperature
and the other post cured at 50°C for two hours
according to (ASTM) and the same path was applied
for each required test.

Bending Test

This test was carried out using the bending
device (PHYWE)™, in compliance with the standards
pacification (ASTM -790). Three-point bending test
instrument was used to measure Young's modulus.



STUDY THE MECHANICAL PROPERTIES OF EPOXY MATRIX COMPOSITE MATERIALS USING GLASS ...... 965

Vickers hardness Test

This test was caried out to determine the values of
hardness for each sample. Microhardness instrument
type LARYEE model HVS-1000, made in China. was
used to determined the average value of hardness for
all samples .

Compression test

This test was performed to calculate the
compressive strength using a hydraulic press type
(Leybold Harris No0.36110) produced by British
company .

Flexural Test

Jiangiao testing equipment™, manufactured in
China was used. Flexural strength could be calculated
using three point bending method.

Impact Test

It was used to execute the impact strength for the
standard specimens without notch Charpy test
machine, manufactured by Amityville Inc,™ was
utilized.

3- Results and discussion
Bending Results

Figure (2-A) shows the relationship (mass-
deflection) for each sample under test. From these
results. It found that the composite material had a high
bonding force between the matrix and the reinforced
material, and this is due to the fact that the bending test
is a slow stress that allows cracks to interact with the
particles. The composite material led to reduce the
deflection, and it was found that the modulus of
elasticity of bending increases with the addition of
glass powder. Figure(2-B) shows varies the values
from (695.9) without glass powder to (2097) with
silica for the samples at room temperature and from
(700.5) without silica to (1257. 88) with silica for post-
treatment samples. The critical point that affects the
mechanical properties when manufacturing the
particle-reinforced composite material is a good
dispersion of particles within the resin [17,20].
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Fig. 2.A. (Mass — Deflection) curves for bending test
of all samples.
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Fig.2.B. Results of Young’s modulus of all samples

Hardness Results

The hardness property (Vickers hardness NO) of
the samples were increased after adding glass powder
to it, due to the increasing in the hardness of the
materials surface , which increases the resistance of
the materials for deformation under the applied force
after incorporation of glass particles, which is
characterized by high hardness, and that agree with
Kadhim [1] and Agrawal [14]. It can be observed in
Figure(3), the hardness increased from (16.03) without
G.W to (31.44) with G.W for the epoxy at room
temperature and from (18.8) without G.W to (26.87)
with silica after the post curing.
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Fig.3. Results of Hardness number of all samples.
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Compression Results

Compressive strength is the starting point, which
is important in the process of searching for new or
modified building materials which in turn leads to an
increase in the resistance of the composite to the
applied force due to the presence of glass particles,
which is characterized with high compressive strength.
It can be seen in Figure (4), the compressive strength
increased from (75.87) without G.W to (77.25) with
G.W for the composite at room temperature and from
(75.49) without G.W to (80.859) with G.W for the heat
treated samples .
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Fig.4. Results of Compressive strength of all sampies.
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Flexural Results

The addition of glass powder leads to decrease in
the flexural strength of the particulate composites,
which is agree with the [21]. It is shown in Figure (5),
the flexural strength decreases from (60.66 MPa)
without G.W to about (44.85MPa) with G.W for
composite at room temperature and decreases from
(48.15MPa) without G.W to (43.21 MPa) with G.W
for the post cured samples.
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Impact results

In figure (6) the impact strength decreases from
(8.91 MPa) without G.W to about (8.01MPa) with
G.W for composite at room temperature and decreases
from (15.17MPa) without G.W to (5.71 MPa) with
G.W for the post curing .The addition of glass powder
leads to decrease in the impact strength of the
particulate composites, and that agree with Pravat [17]
,his means that increasing of G.W content causes the
appearance of brittleness, which gives it strength
,make it a brittle material at the same time. Brittle
material means material that allows crack propagation
and is damaged by sudden breakage .These
composites also exhibit typically poor resistance to
lightning strikes and crack growth[17,19] and [22-25].
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Fig.6. Results of impact strength of all samples.

Optical Microscope

Figure (7) shows the fracture surfaces results of
samples under the optical microscope tested under the
impact test for (a) pure epoxy at Room-temperature (b)
waste glass-reinforced composite (c) heat-treated
pure-polymer (d) waste-glass reinforced composite
after being subjected to an impact load. It can be seen
the good bonding nature at the interface between the
matrix and the reinforcement there is no separation
between the two phases within composite materials.
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This micro-structure gives a good idea of the adhesion
between the epoxy resin and the reinforcement used in
this work[26-28].

© @)
Fig.7. (a) Pure Epoxy at R.T, (b) Composite at R.T,
(c) Pure Epoxy at 50°C (d) Composite at 50°C.

4. Conclusion

Glass waste could be invested to reinforce epoxy
resin and manufacture improved composite materials.

Young s modulus, compressive and hardness
increase with addition glass waste powder to Epoxy
resin.

Impact and flexural strength decrease after the
reinforcement with glass waste.

The microstructure of the prepared composite give
us good idea about the bonding between the phases.

The current study promotes the recycling of glass
waste and its use in the creation of composites with
various sorts of improved qualities.
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