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Abstract

Polymers are an important part of modern life and have a wide range of
applications. Where there are rising uses in packaging, agriculture, cars, and
biomedical due to the availability of fabrication of desired shape, color, and
specification to clients, because of the non-degradable nature of polymer, the
disposal of polymer waste after its use has become a major problem in modern
society. Therefore, there is great interest in recycling this non-biodegradable

chemical and converting it into other products, and benefiting from it.

Therefore, recycling such polymer waste as building materials is a viable
solution not only to this pollution problem but also to the problem of the
economic design of buildings. This research aims to study the possibility of
using polymer waste in the manufacture of unconventional bricks that are light
in weight, environmentally friendly, and inexpensive and this polymer brick can
be used to pave floors in public spaces such as sidewalks, automobile parking,
garden walkways, pedestrian paths, and surface tiles, as well as utilized as a

brick for building construction and partitioning walls.

In this study, two types of waste polymer are used: PET with fillers of sand
and fly ash and LDPE with fillers of sand and sawdust. The melting and
molding process is used in the manufacturing of polymer bricks. Various
proportions of polymer waste with fillers are taken for the manufacturing of

bricks.

Mechanical and Physical properties are measured (compressive strength,
hardness, density, and water absorption) and the characterization properties are

done using Fourier transform infrared and scanning electron microscopy.



The results of Fourier transform infrared of polymer waste (PET or LDPE)
with fillers (sand, fly ash, and sawdust) reveal that there is no a chemical

reaction between the components and just a physical reaction.

The results of compressive strength show an increase by the addition of sand
and fly ash but reduced with the greater addition of sawdust. Although the
greatest result is obtained for LDPE sample with 20% sawdust with a value

(66.89MPa).

The results of this study show an increase in density and hardness for both
addition sand and fly ash but a decrease with sawdust addition where the
highest value is obtained from density test for 40% PET/60% sand with a value
of (1.7614 g/cm’®) and the lowest value is obtained for 50% LDPE/50% sawdust
with a value of (0.7065 g/cm’) and the highest and the lowest value obtained
from the hardness test is (77.5 shore D) for 40% PET/60% sand and (44.8 shore
D) for 50% LDPE/50% sawdust. In addition it shows excellent performance of
water absorption test for all samples except when increased adding sawdust,

especially in the 50% LDPE/ 50% sawdust sample with a value of 21.05%.

The scanning electron microscope results show good homogeneity and
dispersion between the base materials (polymer) and additives. It is also noted
that there are no defects or voids, which indicates the success of the preparation

and mechanical mixing of the composite material.
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Chapter One Introduction

1.1 Introduction:-

The disposal of waste polymers has become a major environmental
problem all over the world [1]. The amount of generation of polymer waste is
increasing day by day and proper disposal methods for waste polymers are not
channelized even today. Polymer is classified into two types, thermoplastic and
thermoset polymer. Thermoplastic is a type of polymer that is recyclable and
further moulded into another shape. These polymers are polyethylene,
polypropylene, polyamide, polyoxymethylene, polytetrafluroethylene and
polyethylene terephthalate and so on. The second type is thermosetting polymer
this type of polymer have the property of unchangeable molecular chains
because molecular chains are strongly bonded with crosslinks. Some examples
are melamine, epoxy resin, polyurethane, phenolic and silicone. Reuse of
thermopolymer waste can help in reducing the pollution caused due to burning,

and costs will also be reduced up to some extent [2].

The properties of polymers such as lightness, strength, corrosion-resistant
materials, transparent, durable, easy to process, resistance to solvents and many
chemicals, easy to coloring with high thermal and electrical insulation
properties, etc. [3, 4, 5]. These properties led to an increase in the amount of
polymer generated annually. Approximately, every 10 years the rate of
expansion is doubled. This also can be attributed to some factors such as
population growth, urbanization, industrialization, and change in trend and
lifestyle [6, 7]. Thus disposal of waste polymer is a serious problem globally
since they are non-biodegradable but only photodegrades into smaller pieces.
The chemical bonds between the molecules that comprise polymer not only
make them resilient but also impenetrable to natural degradation and also
polymers are expected to remain in the environment for hundreds or even

thousands of years without degradation [8, 9, 10].
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Looking forward the scenario of present lifestyle a complete ban on the use
of polymer cannot be put even though the waste polymer is taking the face of
devil for the present and future generation. But polymer is an effective raw
material because of its large scale production witnessed after the industrial
revolution. Today, it is impossible for any vital sector of the economy to work
efficiently without usage of polymer starting from agriculture to packaging [11].
However, due to its non-biodegradable nature, it is affecting the environment
through pollution. For this reason, there is an urgent need to remove polymer
waste from the environment. These polymers can be removed by burning,
reusing, landfilling or recycling. Burning polymer waste produces hazardous
toxic fumes, whereas reusing it is not an attractive alternative because of
contamination, and landfilling releases less gas emission but space given for
landfills is limited. Providing layers for landfills will lead to releasing or leaking
of toxins which contaminate soil and nearby. For these reasons, recycling to

other products turns out to be a more attractive choice [12, 13].

Hence recycling polymer waste in the building construction industry is
considered one of the most feasible applications and can solve the problem of
eliminating polymer waste as well as reducing the demand for construction

materials [11, 14].

The applications of polymer bricks can be as versatile as external walls as a
brick and can be used to pave floors in public spaces such as sidewalk, car
parking, walkways in gardens, pedestrian paths and surface tiles, also can be

used as a brick for building construction and partitioning walls.
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1.2 Aims of This Work

To produce lightweight, economical and environmental friendly bricks from

waste materials (polymer, fly ash, sand and sawdust).

1.3 Objective

1. Preparation of polymer waste by:
A- Collection
B- Removing of caps and plastic stickers
C- Washing and drying
D- Shredding

2. Preparation of filler by:
A- Sieving of fillers is done by 600 pm

B- Drying fillers at 100° C for about 20 to 30 min

3. Adding fillers to polymer waste

4. Manufacturing a polymer brick by:
A- Mixing polymer waste with filler
B- Melting the mixture
C- Pouring the mixture into the mold
D- Contact pressure is applied
E- Leave the sample in the mold for at least 3 hours
F- Finished bricks

5. Testing
A- Compressive strength Test
B- Hardness Test (Shore D)
C- FTIR
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D- SEM
E- Density
F- Water Absorption Test



Chapter Two Theoretical Part And Literature Review

2.1 Introduction:

In today’s world, the utility of polymer-based products is increasing day by
day resulting in the generation of more amount of polymer waste, leading to a
waste disposal crisis [15]. Where the production of polymers has increased
substantially over the last 60 years from around 0.5 million tons in 1950 to over
260 million tons today [16]. Polymers are largely utilized and therefore
contribute to an ever-increasing of solid waste volume. Among the polymer
waste, polyethylene forms the largest fraction, followed by polyethylene
terephthalate, most known as PET. The last is obtained in large quantity from
polymer bottles utilized as containers of beverages and mineral water [17].
Common polymer items that are used are covers, bottles, and food packages.
The great problem with polymeris its decomposition. Polymer is made of
polymer chemicals and they are non-biodegradable. This means that polymer

will not decompose when it is placed in the earth [18].

At present, the disposal processes of polymer wastes are mainly incineration
and landfill. The incineration and landfill deposition of municipal waste
polymers (MWP) may cause environmental problems and is becoming more
expensive. Due to increasing volume of MWP and decreasing landfill capacity
for disposal, landfill becomes more challenging [19]. The disposal of polymer
waste in an open environment leads to various environmental problems due to
their low biodegradability and presence in large quantities which are disturbing
the ecological balance of nature and is the major cause of health hazards to

living beings [20, 21, 22].
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2.2 Municipal Solid Waste (MSW)

Municipal solid waste (MSW) is generally defined as non-hazardous waste.
The United States Environmental Protection Agency (EPA) characterizes MSW
as “waste consisting of everyday items, used and then thrown away, such as
product packaging, bottles, food scraps and newspapers which comes from
homes, schools, hospitals and businesses.” MSW is classified into three broad
categories according to where it is generated: household waste, commercial
waste, and institutional waste [23, 24]. Figure (2.1.a) shows global polymer
waste contributes to about 10-13% of the entire MSW. And figure (2.1.b)
polymer waste composition and it is clear that Polyethylene (PE) and
Polypropylene (PP) is the major utilized polymers in different applications amid
all the other types [25].

a b

Figure (2.1): (a) Sources of MSW. (b) PolymerWaste Composition [25].

The increased uses of polymers products as packaging applications in recent

years have increased the quantity of polymers in the solid waste stream to a
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great extent. The quantum of solid waste is ever increasing due to the increase
in population, development activities, changes in lifestyle, and socio-economic

conditions [26].
2.2.1 Management Methods for Municipal Solid Waste

The concept of waste management includes: (I) source reduction (II) reuse

(IIT) recycling (IV) landfill and (V) waste-to energy conversion [27].
e Source reduction

An important aspect of the integrated waste management approach is to

minimize the amount of polymers used [28].
e Reuse

To reuse is to use an item again after it has been used. This includes
conventional reuse where the item is used again for the same function and new-

life reuse where it is used for a different function [26].
e Recycling

Recycling converts materials and products that would otherwise become waste

into valuable resources [24].
e Incineration with energy recovery [waste-to-energy conversion (WTE)]

Incineration with energy recovery is the only waste-to-energy (WTE)
technology that is commercially used in the United States. The heat generated
by burning waste can be used directly for heating, to produce steam, or to

produce electricity [29,30].

Polymer wastes are a good fuel source because most resins have a heating
value almost equivalent to that of coal. In addition to providing an attractive

source of alternative energy, preserving natural resources and minimizing the
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impact of dependency on energy. But, there is always public resistance

emerging against incineration because of the emission of some toxic fumes [27].

e Landfill

Landfill describes engineered areas of land used for the controlled deposit of

solid waste onto or into the land.

Figure (2.2) shows a flowchart of this waste management system [24]. And
figure (2.3) shows waste management hierarchy [31]. Where describes the
preferred course of action for managing waste. Different versions of the
hierarchy are adopted, but they all follow a step-wise process for waste where
prevention, minimization, and reuse (& recycling) of waste products are

prioritized [32].

rRecycling— Most

34.2% Preferred

User m Single-Stream Recycling h
Sorting a0 to
|
O.OQ— Sorting WTE

12.9%

i

Landfil —
52.9%

N
R

Fig.(2.2): Flowchart of the waste management stream in the United States in 2013 [24].

sy RECYCliNg Stroam

WTE Stream

Least

s | AN Stream Preferred




Chapter Two Theoretical Part And Literature Review

Waste Management Hierarchy

Most preferable

Avoid and reduce waste
Reuse waste

.~ Recycle waste

Recover energy

Treat waste

Dispose of waste

Least preferable

Figure(2.3): Waste management hierarchy [31].

2.3 Polymer Pollution

Events in the 20th and early in the 21st century and compendia of waste
researches indicate that wastes in whatever form or classification solid, liquid or
toxic have become a major sequel of modernization and economic development.
The global waste generation rates are rising faster than ever, estimated at 1.3
billion tons/year in that year 2015 and expected to increase to roughly 2.2
billion tons/year by 2025. Specialists have therefore cautioned that the growth
will not decrease unless individuals revised how to use and reuse natural

resources[33].

The prominence of polymer pollution is correlated with polymers being
inexpensive and durable, which leads to high levels of polymers used by
humans. However, it is slow to degrade. Polymer pollution can unfavourably
affect lands, waterways and oceans. Living organisms, particularly marine
animals, can also be affected through entanglement, direct ingestion of polymer

waste, or exposure to chemicals within polymers that cause interruptions in
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biological functions. Humans are also affected by polymer pollution, such as
through the disruption of the thyroid hormone axis or sex hormone levels [26].
There are some studies proposing that if this trend continues, by 2050 there will
be more polymers in the world's oceans than fish [34]. Also without waste
management infrastructure improvements, the cumulative quantity of polymer
waste available to enter the ocean from land is predicted to increase by an order

of magnitude by 2025 [35].
2.4 Recycling of Polymers

Polymer can be degraded in the environment by four mechanisms:
photodegradation, thermo-oxidative degradation, hydrolytic degradation, and
biodegradation by microorganisms. The natural degradation of polymer begins
with photodegradation due to the UV light from the sun which provides the
activation energy required to initiate the incorporation of oxygen atoms into the
polymer, leading to thermo-oxidative degradation. In this step, the polymer
becomes brittle and fracturing into smaller pieces until the polymer chains reach
sufficiently low molecular weight to be metabolized by microorganisms. The
microorganisms convert the carbon of the polymer chains to carbon dioxide or
incorporate it into biomolecules, but this process will take at least 50 years. So,
a solution to these problems will be recycling, because most commodity

polymers are relatively stable, making monomer recovery poor [36].

Recycling of polymers is one method for reducing environmental impact
and resource depletion. Recycling can therefore decrease energy and material
usage per unit of output, leading to improved eco-efficiency. The only way to
decrease the environmental problems caused by polymeric waste accumulation
produced from day-to-day applications of polymer materials such those used in
packaging and construction is by recycling. This helps to conserve natural

resources because most polymer materials are made from oil and gas [37,38].

10
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2.5 Various Stages of Recycling Polymer Wastes
There are various stages of recycling:

2.5.1 Collection: Polymer waste is collected from different locations. This can
be achieved by keeping special containers at home, in public places, farms, and
so on. These wastes are then collected by professional waste collectors and

transported to the recycling sites.

2.5.2 Cleaning: The cleaning stage consists of washing and drying the polymer
items. Cleaning is important since clean waste materials fetch better prices and
they improve the quality of end products. Polymers can be washed at various

stages of the recycling process: before, after, or even during sorting.

2.5.3 Sorting: This involves not only the separation of the polymers from

recoverable foreign bodies but also the separation of these polymers themselves.

2.5.4 Size Reduction: It aims to reduce the size of the waste, which in turn
facilitates not only the separation of different polymers but also recovery of the
micronized powder which is used to feed processing machines. The end
products of shredding can be irregularly shaped pieces of polymers, which can

be sold to reprocessing industries and workshops.

After processing, these materials are further subjected to various techniques
such as extrusion, injection moulding, blow moulding, and film moulding.
Finally, the processed materials are converted into various products such as

pipes, tubes, bags, sheets, and miscellaneous items [39].

The major polymers recycled are polyolefin (high-density polyethylene
(HDPE), low-density polyethylene (LDPE), and polypropylene (PP)) and
poly(ethylene terephthalate) (PET), poly(vinyl chloride) (PVC), polystyrene
(PS), and polycarbonate (PC). The recyclable polymers and the recycling codes
are shown in Table (2.1) [39].

11
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Table(2.1):Various polymers with their characteristic recycling codes for

particular applications [39].

Symbol Acronym Full name and uses

Polyethylene terephthalate - Fizzy drink
PET bottles and frozen ready meal packages.

High-density polyethylene - Milk and
washing-up liquid bottles

Polyvinyl chloride - Food trays, cling film,
bottles for squash, mineral water and
shampoo.

Low density polyethylene - Carrier bags and
bin liners.

Polypropylene - Margarine tubs, microwave-
able meal trays.

Polystyrene - Yoghurt pots, foam meat or fish
trays, hamburger boxes and egg cartons,
vending cups, plastic cutlery, protective
packaging for electronic goods and toys.

Any other plastics that do not fall into any of
the above categories. For example melamine,
often used in plastic plates and cups.

2.6 Recycling Techniques

There are several methods of recycling: primary recycling, mechanical or
secondary recycling, chemical or tertiary recycling and energy recovery or

quaternary recycling.
2.6.1 Primary Recycling

In this type of recycling, waste polymer is reprocessed into the same or
similar types of products from which it was produced. The recycled scrap or
waste is either mixed with virgin material to assure product quality or used as
second-grade material. Primary recycling is very simple without any

precautions except the proper and clean collection of waste in the plant [40,41].

12
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2.6.2 Secondary Recycling (Mechanical Recycling)

The polymer is ground down and then reprocessed without affecting the
basic structure of the material and compounded to produce a new component

that may or may not be the same as its original use [42,43].
2.6.3 Tertiary Recycling (Chemical Recycling)

Tertiary (chemical) recycling: the polymer waste is turned back into its
oil/hydrocarbon component in the cases of polyolefin and monomers in the case
of polyesters and polyamides, which can be used as raw materials for new
polymer production and petrochemical industry, or into the pure polymers using
suitable chemical solvents [43]. Chemical recycling is not commonly
implemented on an industrial scale because present methods require sizable

energy inputs [44].
2.6.4 Quaternary Recycling (Energy Recovery)

This method refers to the recovery of the polymer’s energy content. The
most effective way to reduce the volume of organic materials which involves
the recovery of energy is represented by incineration. This method is a good
solution because it generates considerable energy from polymers, but it’s not
ecologically acceptable because of the health risk from airborne toxic

substances [36].

An overview of the different pathways for recycling is shown in Fig. (2.4),
including where their respective end products re-enter the lifecycle of polymers

[45].
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Figure(2.4): Polymer waste management options in terms of the life cycle of polymeric

products [45].

In this study, mechanical recycling was adopted and will be explained below.

2.7 Mechanical recycling (or secondary recycling)

Mechanical recycling is the reprocessing of materials of waste polymers by
physical means, like cutting, shredding, washing, and so on, into polymer
products. In this approach, the polymer is separated from its associated
contaminants, and it can be readily reprocessed into granules by conventional
melt filtration extrusion. The size of the waste polymer is reduced after it is

sorted, cleaned, and dried, and then directly processed into end products or
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flakes of consistent quality, which can be further used for manufacturing other
goods. The succeeding steps for recycling can vary from operation to operation
and the end use [46]. The basic polymer is not altered during the process. The
main disadvantage of this type of recycling is the deterioration of product
properties in every cycle. This occurs because the molecular weight of the
recycled resin is reduced because of chain-scission reactions caused by the
presence of water and trace acidic impurities. Strategies for maintaining the
polymer’s average molecular weight during reprocessing include intensive
drying, reprocessing with vacuum degassing, the use of chain extender
compounds, and so on [47]. In mechanical recycling, only thermoplastics can be

used because they can be re-melted and reprocessed into end products [46].

Thermoset polymer cannot be melted and reprocessed, so mechanical
recycling is not suitable for recycling such polymers. Thermoset polymer can be

processed through its use in cement kilns or tarring roads [46].
2.8 Steps of Mechanical Recycling

The steps involved in mechanical recycling are the following [48]:

1. Cutting/shredding: Large polymer parts are cut by shear or saw for further

processing into chopped small flakes.

2. Contaminant separation: Paper, dust and other forms of impurities are

separated from polymerusually in a cyclone.

3. Floating: Different types of polymer flakes are separated in a floating tank

according to their density.

4. Milling: Separate, single-polymer plastics are milled together. This step is

usually taken as the first step with many recyclers around the world.
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5. Washing and drying: This step refers to the pre-washing stage (beginning of
the washing line). The actual polymer washing process occurs afterwards if
further treatment is required. Both washing stages are executed with water.
Chemical washing is also employed in certain cases (mainly for glue removal

from polymer), where caustic soda and surfactants are used.

6. Agglutination: The product is gathered and collected either to be stored and
sold later on after the addition of pigments and additives or sent for further

processing.

7. Extrusion: The polymer is extruded to strands and then pelletized to produce

a single-polymer plastic.

8. Quenching: Involves water-cooling the polymer by water to be granulated

and sold as a final product.

During the grinding or melting phases, the reprocessed material can be
blended with virgin material to obtain superior results. Mechanical recycling
requires homogenous polymers and relatively clean material. It is one of the
traditional and most used methods in many countries for polymer recycling. Its
cost is relatively low but needs substantial initial investment [46]. In figure (2.5)

the stages of mechanical recycling are shown [49].
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Figure(2.5): Stages of mechanical recycling [49].

2.9 Advantages of Recycling and Reuse of Polymers

Recycling polymer wastes has so many advantages to human beings and the
ecosystem when compared with all other methods of solid waste management

adopted. Some of the numerous advantages of recycling polymer wastes are

[50]:

1. As polymer wastes that litter the streets and choke drainages which serve as
the breeding ground for mosquitoes and flies are reduced, diseases
associated with these vectors will also reduce [50].

2. The emission of poisonous gases such as carbon dioxide, carbon monoxide,
nitrogen-oxide and sulphur-oxide are reduced [50].
3. It creates job opportunities [50].

4. That recycling would reduce the amount of polymer wastes in the
environment [51].

5. That recycling would create employment for the populace for collecting the
polymer wastes thus bettering the economic status of the populace [51].

6. Reduces demand for virgin polymer [52].
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2.10 Use of Waste Polymer as Construction Materials

In the last decades, due to the increasing cost of raw materials and the
continuous reduction of natural resources, the recycling of industrial waste has
become an interesting option for the building industry [53]. On the other hand,
world human population continually increase so needed more houses and land
for construction. Now a day, it is difficult for the working class to own a house

due to high cost of construction materials [54].

Green-efficient construction is defined as an environmentally sustainable
building constructed, operated with the basic aim of mitigation of
environmental impacts such as natural resource depletion as well as CO,
emission. Polymer waste can be used in the production of bricks. The utilization
of polymer waste in the production of bricks could aid in saving the energy
consumed in the firing of the clay brick, as well as reducing the CO, emission
by reducing the amount of cement and natural soil usage in bricks production
[55]. Thus the use of polymer waste for construction applications holds a high

capability of decreasing environmental pollution [56].

The use of polymer waste in construction may also represent an effective
solution to both the problem of reducing the environmental impact of polymer
and the development of increasingly sustainable construction industry as well as
the economic impact since they are available in large quantities, everywhere and

low value[53,57].

The main benefits of using polymer waste as a building material are due to
having good properties of insulation of heat, cold and acoustic materials and
also because it is cheap and lightweight and easily available and reduced the
manufacturing cost [58]. In addition, the non-biodegradable properties of
polymer waste are able to assist the long-term working of construction materials

[56].
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2.10.1 Benefits of Polymer Waste in Construction

There are many benefits to using polymer waste in the construction process,

including [54]:

1- Environmental benefits: Reducing the problem of global warming by
reducing carbon dioxide emissions as well as providing a safe way to disposal

of polymer.

2- Cost effective: The use of recycled material makes it more affordable than
conventional building methods and will increase the accessibility to suitable
housing. It is a well-insulated solution that will reduce energy consumption to

control temperatures.

3- Absorbs abrupt shock loads: Flexibility is a characteristic which makes the
buildings performance higher against the unexpected load. Since the polymer
waste are not fragile, they can be flexible and tolerates sudden loads without
failure. This characteristic can also increase the buildings bearing capacity

against the earthquake.

4- Green Construction: Polymer bricks can cause green construction by saving
energy and resources, recycling materials, minimizing the emission, having

significant operational savings and increasing work place productivity.

5- Solve Housing Problems: The world is experiencing a global housing crisis.
About 1.6 billion people live in substandard housing and 100 million are
homeless. Polymer bricks are affordable and can contribute to solving these

crises.
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2.10.2 Application of Polymer Waste for Construction Purposes

Several types of polymers can be applied in the construction industry and
have recycling potential. It should be noticed that the polymers are engineered
material and possess excellent mechanical properties such as, tensile strength,
toughness, elongation at break and less water absorption which are critical for
the durability and high performance of the construction materials. Also
depending on the type and properties of the polymer waste, they may have
potential use in various applications after recycling. Thus, high-density
polyethylene (HDPE) is a relatively hard and rigid material and can find
application in the manufacture of polymer lumber, tables, chairs, and other
furniture. The low-density polyethylene (LDPE) is a flexible material and can
potentially be used in the production of bricks and blocks. Polypropylene (PP)
is hard and flexible, and due to these properties, its potential applications are
aggregates in asphalt mixtures. Polystyrene (PS) is hard and brittle, so it is
mainly used for parts that are not highly stressed mechanically, for example
insulation materials. Polyvinyl chloride (PVC) is hard and rigid, which indicates
its potential use as an aggregate in cement-based materials. PET, on the other
hand, is hard and flexible and the most common secondary application is as

fibers in cementations composites [59,60].
2.11 The Most Important Polymers Used in Construction

There are many polymers that can be recycled but the important recycled

polymers used in this study are shown below:

2.11.1 Polyethylene Terephthalate (PET)

Polyethylene terephthalate (PET) is thermoplastic polyester which is a
major member of the synthetic polyester family and of great importance in
industrial applications [61,62,63]. During the last four decades, PET has found

itself in commercial markets for a variety of applications such as textiles and
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industrial fibers, films, foamed articles, containers for various beverage
products such as carbonated soft drinks, water, tea, and fruit juices as well as
thermoformed applications [63].

The big success of PET is a direct result of the combination of its low
manufacturing cost and its excellent balance of properties, including ease of
melt processing, high strength, high gaseous barrier, optical clarity, ability to
strain induced crystallize, thermal resistance, high impact strength, good creep
resistance, dyeability, environmental safety, and recyclability [63,64].
Table(2.2) show some of the physical properties of polyethylene terephthalate
[65].

Table(2.2): Physical properties of polyethylene terephthalate [65].

Property Unit Value

Density:

— amorphous PET g/em’ 133

— crystalline PET g/em’ 1.45

— both amorphous and crystalline PET glem’ 1.38 - 1.40
Break point:

— ultimate tensile strength MPa 172

— transverse strength MPa 50-70

— compressing strength MPa 80 - 120
Modulus of tensile elasticity MPa 1.41:10°
Ultimate elongation % 12:=55%
Impact elasticity kJ/m’ 30
Brinnel hardness MPa 100 -120
Water adsorption for 24 h % 0.3
Temperature of fusion °C 255 - 265
Softening point °C 245 - 248
Breakdown temperature °C 350
Factor of thermal expansion 6.55-10°
Thermal conductance W/mK 0.14
Freezing resistance °C =50
Dielectric capacitivity at 10° Hz 3.1

PET is a crystallizable polymer because of its regularity in chemical and
geometric structures. It is either in the semi-crystalline state (opaque and white)
or the amorphous state (transparent). The levels of crystallinity and morphology

significantly affect the properties of the polymers.
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Polymers with high crystallinity have a higher glass transition temperature
Tg ( Tg is 67° C for amorphous PET and 81° C for crystalline PET ) and have
higher modulus, toughness, stiffness, tensile strength, hardness and more
resistance to solvents, but less impact strength while the amorphous PET has
better ductility [66,67].

There are two major approaches for the production of PET differing in the
starting raw materials used: the terephthalic acid (TPA) and ethylene glycol
(EG) approach, and the dimethyl terephthalate (DMT) and EG approach. In both
methods, first, the diesterbis (hydroxyl ethylene terephthalate) (BHET) is
formed either by the direct esterification of purified TPA and EG or by the
transesterification of DMT and EG, with water or EG as the byproducts.
Secondly, BHET is polymerized by melt phase polycondensation reactions to
produce PET, as shown in Fig.(2.6). Common catalysts used are acetates or

oxides of antimony, germanium or lead [68].

1% step:
(l‘()()ll (l’()( YCHLCH>OH
/ /
. + 2 HOCH,CH,OH —a l + 2 H.O
\ \
COOH COOCH,CH,OH
TPA EG BHET
COOCH, (I'()()(‘II:(*II:()II
=
+ 2 HOCH,CH,OH —= | + 2 CH.OH
S
COOCH COOCH,CH,OH
DMT EG BHET

COOCH,CH,OH

ol |
n ~ ~ -
| — =  HOCH,CH,O C— — COCH>CH>O H + nEG
.
:

COOCH,CH,OH

Figure(2.6): Main reactions involved in PET polymerization [68].
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Because of the difficulty in the purification of TPA the earlier PET plant
production schemes were based on DMT technology. All the modern PET
plants, however, follow the TPA route because of the increased availability of

purified TPA as a result of technology advances in the TPA purifying processes
[68].

2.11.2 Low-Density Polyethylene (LDPE)

Low-density polyethylene (LDPE) is so named because such polymers
contain substantial concentrations of branches that hinder the crystallization
process, resulting in relatively low densities. The branches primarily consist of
ethyl and butyl groups together with some long chain branches [69].

Due to the nature of the high-pressure polymerization process of ethylene by
which low-density polyethylene is produced, the ethyl and butyl branches are
frequently clustered together, separated by lengthy runs of unbranched
backbone. Long-chain branches occur at random intervals along the length of

the main chain [69]. Figure (2.7) shows polyethylene structures [70].

2 CHz—cm,
CB}\CHJ‘ CB;»'&H: "
St CHa & (i) HDPE
TCHy “CH>
CHE. i CB = OH CH T —Lr A~
—— 2 CH3 CH> \CI}I;_(':!{ = ('l)%’/ LDPE
iy S -
CcHy”
cHy—CHy’ (iii) T LLDPE
(a) (b)

Figure(2.7): (a) Low density polyethylene (b) structure of polyethylene [70].

The long-chain branches can themselves in turn be branched. The numerous
branches characteristic of low-density polyethylene molecules inhibit their

ability to crystallize, reducing resin density relative to high-density
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polyethylene. Low-density polyethylene resins typically have densities falling
in the range of approximately 0.90-0.94 g/cm? [69].

LDPE has light-weight, good impact resistance, toughness, no moisture
absorption, translucent to opaque, robust enough to be virtually unbreakable and
at the same time quite flexible and has high chemical and corrosion-resistivity.
It is used mainly for the blown and cast film, extrusion products as well as

coatings, rotational and injection moulding [71,72].

2.12 Literatures Review

Polymer is one of the most common environmental issues in the
contemporary world. Disposal of these polymers is considered to be a big
challenge due to its non-biodegradable nature. In order to mitigate these hurdles,
several researchers have made significant efforts to utilize waste polymers in
construction industry.

In 2013, Arora, et al, studied utilization of E- waste and plastic bottle waste
in concrete. This study dealed with the grinding, rubbing and mixing technique
to use E-waste and plastic waste in concrete. E-waste from electrical and
electronic equipment, that might be old or might have reached end of life and
plastic waste from polymer mineral and cold drink bottles were collected and
grinded to size of 2 mm using pulverizing machine. Ordinary Portland cement
of 43 grade was selected. Grinded E-waste and polymerwaste were replaced by
0%, 2%, and 4% of the fine aggregates. Compressive strength and flexural
strength were tested and compared with control concrete. Experiments done
showed an increase in the compressive strength by 5% and reduce cost of
concrete production by 7% at optimum percentage of grinded waste. Grinded
waste greater than 4.75mm in certain proportion acted as a good filler material
in concrete and on-going experiments were done to apply gap gradation by
grinding the waste into specific sizes. This ensured better packing density and

hence good strength [73].
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In 2014, Wahid, et al, studied utilization of plastic bottle waste in sand
bricks. They studied sand bricks which was made up by adding plastic bottle
waste in crush form in sand bricks. The properties of sand bricks which
contained varying percentages of polymer of 0% to 15% that were added to the
raw material to develop polymer waste sand bricks were tested for compressive
strength, water absorption and efflorescence. Results showed that the
comprehensive strength decreases with increasing waste polymer ratios. The
virgin (0% polymerwaste) sand brick showed the highest value of compressive
strength of 12.40403MPa. This followed by 5%, 10% and 15% polymer waste
which are 11.61856MPa, 5.95631MPa and 2.97839MPa [74].

In 2015, Mansour and Ali, studied reusing waste plastic bottles as an
alternative sustainable building material. In this study plastic bottles (PET) were
examined both structurally and thermally to be utilized as building units,
replacing traditional concrete blocks. Tests were conducted after filling the
bottles with either dry sand, saturated sand, or air, bound by cement mortar to
produce stable masonry walls of reduced thermal conductivity. The effect of the
infill material on the bulk unit weight and the compressive strength of the
polymer bottle masonry blocks showed slight effect of the used infill material
on the strength. Although the gross strength of these polymer bottles was much
less than the traditional blocks, 670 kN/m* (0.67 MPa) compared to 3670 kN/m”
(3.67 MPa) , but calculations showed that the blocks of air filled bottles still
could be used as suitable construction units for partition walls or as bearing
walls for one roof slab. Thermal wise, air filled bottles showed better thermal
insulation than the tradition block construction, which could act as thermal

insulation material [75].

In 2016, Z Muyen , et al, studied strength properties of plastic bottle bricks
and their suitability as construction materials in Bangladesh. This study looked

into the strength properties of waste PET bottles filled with fine sand. Five
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different sizes (250, 500, 1250, 1500 and 2000ml) of waste PET bottle bricks
were tested for compressive strength and the largest bricks gave a compressive
strength of 17.44MPa. The 1000ml bottle brick filled cubes with 9 and 12
bottles were prepared and tested. The 9 bottle brick filled cubes gave a
compressive strength of 35MPa and the 12 bottle bricks filled cubes gave a
compressive strength of 33.7MPa. These bottle brick filled cylinders exhibited

double the compressive strength of conventional concrete cylinders [76].

In 2016, Nivetha, et al, studied production of plastic paver block from the
solid waste (quarry dust, fly ash & PET). In this study the polymer waste(PET)
was carried to melt and mixed with a varying proportion of solid waste fly ash
and quarry dust (PET 25-35 % fly ash 25 % and quarry dust 40-50% in weight).
The measurements of physical and mechanical properties showed that polymer
waste paver blocks and these proportion in polymer gave better results than

concrete paver blocks [77].

In 2017, Manjarekar, et al, studied utilization of plastic waste in foundry
sand bricks. In this work an attempt has been made to manufacture the bricks by
using waste polymers (PET,PP) in range of 60 to 80% by weight of Foundry
Waste sand and 60/70 grade bitumen was added in range of 2 to 5% by weight
of sand in molten form and this bitumen- polymer resin was mixed with
Foundry waste sand to manufacture the bricks. Results showed that the
compressive strength of brick is more than that of conventional brick, the bricks
were not broken after falling from height of 1 m, also this brick has a lesser
water absorption than conventional brick and using the foundry sand brick in a

building, total cost will be reduced from 20% to 25% [78].

In 2017, Anand Daftardar, et al, studied use of waste plastic as a
construction material. The materials used in this study are LDPE polymer

beads and Fly Ash - Grade F, Polymer beads were generated from polymers and
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were effectively converted into polymer blocks. Some samples were prepared
with different ratios (100% LDPE polymer beads, 90% LDPE polymer
beads+10% fly ash, 80% LDPE polymer beads+20% fly ash, 70% LDPE
polymer beads+30% fly ash). It was noted that the maximum compressive load
which the LDPE polymer beads brick could sustain was 13.69 MPa. This was
followed by LDPE fly ash composite brick with a strength of 11.48 — 10.42
MPa, which was higher than the compressive strength of the conventional
bricks available in the market made up of clay which had a compressive

strength of 3-5 MPa [79].

In 2018, Puttaraj , et al, studied utilization of waste plastic in
manufacturing of plastic-soil bricks. In this work an attempt had been made to
manufacture the bricks using waste polymers (PET bottles) in range of 60 to
80% by weight of laterite quarry waste and 60/70 grade bitumen was added in
range of 2 to 5% by weight of soil in molten form and this bitumen- polymer
resin was mixed with laterite quarry waste to manufacture the bricks. The bricks
manufactured possess the properties such as neat and even finishing, with
negligible water absorption and satisfactory compressive strength in comparison
with laterite stone to satisfy the increasing demand of conventional building

material [80].

In 2018, Kumi-Larbi, et al, studied recycling waste plastics in developing
countries: Use of low-density polyethylene water sachets to form plastic bonded
sand blocks. In this study, waste LDPE water sachets had been melted and
mixed with sand to form LDPE-bonded sand blocks. The effect of sand particle
size and sand to polymer ratio on density, the compressive strength and water
adsorption are reported. LDPE-bonded sand was a strong, tough material with
compressive strengths up to ~ 27 MPa when produced under optimum
processing conditions. The compressive strength of these samples was mainly

dependent on the LDPE content with little contribution from the interfacial
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bond between the sand and LDPE. Increasing the sand addition reduces sample
porosity. However, sand additions above 75 wt% reduce the compressive
strength because the LDPE binder volume is not sufficient to properly coat and

bind the sand grains together [81].

In 2019, Intan and Santosa, studied utilization of PET and LDPE plastic
waste and building material waste as bricks. Research is carried out by mixing
both materials, namely polymer heated at a temperature of 180-220° C and
building material waste that had been crushed and sized to 30-40 mesh with
homogeneous stirring. The ratios of PET and LDPE polymer to building
material waste were 9 : 1,8 :2,7:3,6:4and 5 : 5. After heating and printing,
density, water absorption and compressive strength tests were carried out.
Addition of PET and LDPE polymer could increase compressive strength, and
reduce water absorption, porosity and density. A maximum compressive

strength of 10.5 MPa was obtained at the ratio of 6 : 4 [82].

In 2019, Reddy, et al, studied utilization of low density polyethylene waste
in the manufacturing of paver brick. The LDPE polymer bags were recycled
and used as total replacement for cement to prepare polymer paver bricks were
prepared based on different polymer to fine aggregate ratio. The polymer bags
are added into the heater and these bags were heated till it turns to viscous form.
About 150° C to 160° C heat was required to melt the polymer bag. A long rod
could be used for mixing the polymer waste. When the polymer changed to
viscous form fine aggregate was added. The both materials were mixed properly
like concrete. The mixture was molded in molds. Compressive strength, melting
point and water absorption and environmental factors had been found out for the
results to avoid the effects on environment. Results showed that the
compressive strength of the polymer paver brick had high, low water absorption
rate, high melting point for the polymer brick is 200° C as compared to

conventional bricks [83].
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In 2020, Ganesh N, et al, studied manufacturing of polymersand bricks
from polypropylene and polyethylene waste polymer. In this study six
polymersand brick samples were prepared based on different polymerto sand
ratio. PP and HDPE waste were added into the heater and heated up to 180° C.
Mix 5 gms of red oxide along with the melted mixture to impart dark red color.
The mixture was mixed properly using a steel rod and poured into the moulds.
Testing was performed to determine compressive strength, efflorescence, water
absorption, soundness, and fire resistance test. Results showed that the polymer
sand bricks had higher compressive strength up to 12.43 MPa for polymer sand
brick with a ratio of 2:1, as compared to the normal concrete bricks, low water
absorption rate and zero effloresce and a good fire resistance and was an

effective source to reduce polymer waste [84].

In 2020, Kedare, studied physical characterization of waste-polymer brick
and development of material for pothole filling. In this work an attempt has
been made to make bricks from waste polymer (LDPE) and sand. The polymer
is melted and sand is added to the mixture in a molten form to make bricks.
Results showed that this brick is resistant to oil, water, salts and acids. It is more
durable as compared to other bricks and can withstand temperature up to 180° C

and 1t can withstand compressive strength of 11.82 MPa [85].

In 2020, Alaloul, et al, studied mechanical and thermal properties
of interlocking bricks utilizing wasted polyethylene terephthalate. The polymer
bottles were shredded and grinded to a size of 0.75 mm and mixed with the
polyurethane (PU). The mixed later cast and compacted in the interlocking brick
machine mould. The tests performed on the interlocking bricks were
compressive strength, impact, fexural strength and thermal conductivity for
obtaining the mechanical and thermal properties. The results showed that good
compressive strength of 5.3MPa was obtained for a PET/PU of 60/40 ratio, Low

thermal conductivity, poor tensile strength and the highest tensile strength
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obtained was 1.3 MPa for a PET/PU of 60/40 ratio, good impact strength also
the highest impact strength obtained was for the PET/PU of 60/40 ratio with a
value of 23.3 J/m (23.3 N). Based on the results it was concluded that PET/PU
of 60/40 ratio was suitable as non-load-bearing masonry brick and

recommended to be used as partition walls [86].

In 2021, Mak, et al, studied a review on utilization of polymer wastes in
making construction bricks. It was found to implore lightweight, durable, cost-
effective, and low thermal conductor bricks. Compressive strength and water
absorption tests were found as the key test methods for measuring the
effectiveness of high-volume content of polymer waste in bricks. Notably, a
high percentage of polymer waste in proportion to sand was found to improve
the compressive strength of the bricks besides allowing negligible water to seep

through [87].
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2.13 Conclusions and Remarks

The previous paragraphs covered some of the previous works of many

researchers who studied the possibility of using polymer waste in construction

processes in terms of mechanical and physical properties, and the researcher’s

conclusion can be summarized as follows:

1-

Study the effect of adding different waste polymers (PET, LDPE, E-waste
polymer, and PP) with some additives (sand, quarry dust, fly ash, etc.) on
the physical and mechanical properties. Such as the compressive strength,
water absorption, and efflorescence properties as it showed improvement
in compressive strength, low water absorption and no efflorescence.
Studies show different methods to prepare polymer bricks, some of them
grind the polymer waste into crushed flakes and then mix it with some
fillers, press it and leave the bricks for a certain time. Others melt the
polymer waste and mix it with the fillers and pour it into the mould, thus
making bricks. There is also another method, which involves filling
polymer bottles with fillers. The best method in terms of bonding and
mechanical properties is the method of melting, but in terms of
environmental effects in the way of filling the bottles with fillers, but this
method is not feasible because of the weakness interconnection between

polymer bottles and cement.
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3.1 Introduction

This chapter contains the experimental methods and instrumentation used
for the preparations and characterization of the materials and preparing mixtures
of PET waste with different percentages of sand and fly ash and also preparing
mixtures of LDPE waste with different percentages of sand and sawdust. Figure
(3.1) show the practical steps used in this research to gain a full idea about the

production of samples and tests.

PET waste LDPE waste

[
Washing , drying and shredding

Fillers are sieved into a mesh of 600um and then drying at
temp. about (£100°C) for 20-30 min

Mixing of PET waste with sand and fly Mixing LDPE with sand at 10,20,30,40,50,60
ash at 10,20,30,40,50,60 wt% wt% and with sawdust at 10,20,30,40,50 wt%
| |
Melting PET with filler (sand or fly ash) at Melting LDPE with filler (sand or sawdust) at
temp. about (250-265)°C for 1.5-2 hours temp. about (170-190)°C for 1-1.5 hours

| |
v

Pouring the mixture into the mold

\Z

Contact pressure is applied

v

Leave the sample in the mold for

2-3 hours
\Z
Testing
Mechanical test | | Morphology test
Compression strength, Hardness \ SEM, FTIR
Physical test

Density, Water absorption

Figure (3.1): Flow chart of experimental part steps
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3.2 Materials Used

This section provides information on the properties of materials used in the

manufacture of plastic bricks (PET, LDPE, and fillers).
3.2.1 Polyethylene Terephthalate (PET)

PET was obtained from plastic bottle waste. Where these plastic wastes

were prepared by passing through several steps:

1- Plastic bottle waste collection.

2- Draining of remaining fluids from plastic bottles.

3- Removing of caps and plastic stickers.

4- Washing in water and then drying.

5- Shredding is suitable for smaller pieces. A used shredder has a series of
rotating blades driven by an electric motor. Materials are fed into the
shredder via a hopper which is sited above the blade rotor. The product of
shredding is a pile of coarse irregularly shaped plastic flakes which can then
be further processed. Figure (3.2) shows the methods for preparing PET

waste and table (3.1) shows the most important characteristics of PET

obtained practically.

Figure(3.2): Preparation of PET waste. where (1) collection plastic bottles (2) washing,
drying and cutting plastic bottles (3) shredding machine (4) shredded plastic.
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Table (3.1): Properties tested of PET

Properties Unit Value
Density g/cm? 1.2898
Hardness shore D 68.43
Water absorption % 0

3.2.2 Low Density Polyethylene (LDPE)

The low-density polyethylene material used is the syringe piston waste from
the medical syringe factory in Babylon, which failed during the manufacturing
process. The most important characteristics of LDPE obtained practically are

given in table (3.2).

Table (3.2): Properties tested of LDPE

Properties Unit Value
Density g/cm? 0.8985
Hardness shore D 60.1
Water % 0
absorption
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3.2.3 Fillers

There are three types of fillers

A- Fly ash

Obtained from local wood burning process

B- Sand

Obtained from a local market

C- Sawdust

Collected from a local sawmill

Experimental Part

Table (3.3) shows the most important characteristics of these fillers obtained

practically.
Table (3.3): Some properties of fillers
Filler type Apparent Aperture size
density(g/cm?) (pm)
Fly ash 0.5163 <600
Sand 1.3775 <600
Sawdust 0.7260 <600
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3.3 Sample Preparation

The same procedure was used for both PET and LDPE bricks, the only

difference being the time and temperature used.

3.3.1 Batching

Measurement of materials for making brick is called batching. After the
collection of materials and the removal of any other waste presented in the
collected material then weights of collected materials were measured. Sieving of
fillers was done by 600-micron sieve and these fillers were used for making
bricks. Various proportions of plastic waste with fillers are taken for bricks

Table(3.4) shows the number of specimens and coding.

3.3.2 Melting

After batching was completed, the plastic waste was taken for melting in
which the plastic waste was dropped all in one container. These would be done
in a closed vessel to prevent the toxic gases released into the atmosphere. These
were at the temperature of 170-190° C and the time of 1-1.5 hours for LDPE
samples and at the temperature of 250-265° C and the time 1.5-2 hours for PET

samples.
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3.3.3 Mixing

The method of mixing was done manually. Pieces of plastic were added into
the container for melting until the proportion was required. The filler was used
for addition in the plastic mixture. Before adding filler drying at temperature
about £100° C and then mix with plastic waste. The filler and the melted plastic
were mixed so that both get bonded perfectly. As the plastic pieces melt they

start getting bonding with the filler particles and hence the mixture required for

brick was created.

3.3.4 Molding

In the molding process, the prepared mixture was then filled into a steel
mold, in this project using the brick sizes (145x85x30 mm). The pressure was
applied was contact pressure so as the mixture got filled properly in the mold.
Then it was left for cooling in the air but before filling the mold apply oil on the
walls of mold so that at last brick to be removed easily. The application of oil
on the inner surfaces of the mold is a must because after solidification the brick
will not come out easily and to remove the mold some pressure must be applied
that would wear the edges of the brick. So proper oiling was needed before
filling the mixture in the mold. After 2-3 hours remove the brick from the mold.
Figure (3.3) shows the method of producing plastic bricks in all its stages for
both PET and LDPE.
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a-polymers used

b —fillers used

C-mixing
polymer with
filler

d-melting
polymer with
filler

e —pouring
mixture into the

mold

f —finished bricks

Figure(3.3): Method for preparing bricks.
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Chapter Three
Table (3.4): Shows the number of specimens and coding.
Sample code PET wt% Sand wt%
Al 90 10
A2 80 20
A3 70 30
A4 60 40
AS 50 50
A6 40 60
Sample code PET wt% Fly ash wt%
B1 90 10
B2 80 20
B3 70 30
B4 60 40
BS 50 50
B6 40 60
Sample code LDPE wt% Sand wt%
C1 90 10
C2 80 20
C3 70 30
C4 60 40
Cs 50 50
Cé6 40 60
Sample code LDPE wt% Sawdust wt%
D1 90 10
D2 80 20
D3 70 30
D4 60 40
D5 50 50
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3.4 Tests
3.4.1 Mechanical Tests
3.4.1.1 Compressive Strength Test

The compressive strength is the ability of a material to hold out loads. In this
test, it was adopted Iraqi Standard Specifications No. 25 of 1988 (IQS 25 —
1988). The compressibility of all samples was measured by a compression
device which is available in the laboratory of Materials Engineering college

/University of Babylon as shown in figure (3.4).

The following equation was used to determine the compressive strength:

f= (3-1)
where:
/- 1s the compressive strength measured in MPa

P: is the fracture load measured in N

. . . 2
A: cross-sectional area of the specimen in (mm~).

Figure(3.4): Compression device
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3.4.1.2 Hardness Test

Shore D hardness device model (TH 210 FJ) made in Germany, which is
available in the laboratory of the Department of Polymer Engineering and
Petrochemical Industries /Materials Engineering College /University of Babylon
as it is shown in figure(3.5) was used to measure the hardness of the sample.
Shore instrument is similar to compass containing needle placed in a position
perpendicular to the sample and it takes waiting (0.5 min) to read the value and

to have some accuracy an average of three readings have to be taken in different

locations and at different points for each sample.

Figure(3.5): Shore D hardness device

3.4.2 Physical Tests
3.4.2.1 Density Test

Figure(3.6) shows the high precision density tester, that the specification
of this machine is digital accuracy = + 0.0001 g/cm’, type GP-120 S, which
work according to ASTM D-792, made in Matsu Haku, china. Where the
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Liquid density mode GP-120S device was used to measure the density of the

sample.

In this test, samples from any previously performed test have been measured
their density, this method can be used with sheet, rod, tube and molded articles
also powders, the specimen was weighed in the air then in distilled water at
23°C using a sinker and wire to hold the specimen completely submerged as

required.

DenSitYZW body in air / (W body in air™ W body in water)*ﬂuid denSity (3'2)

Figure(3.6): Density device

3.4.2.2 Water Absorption Test
In this test, it was adopted Iraqi Standard Specifications No. 250f 1988 (I1QS
25 -1988).

As the method of work was to dry the examination model in a drying oven at
a temperature of (100 £+ 10) until its weight was stabilized, then it was cooled to

room temperature and weighed and let it be the dry weight (w1).
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The dry model was immersed in pure water at a temperature of (15-30)°C for 24
hours, then it was lifted and dries the surface with a piece of cloth and weighed

within 3 minutes of taking it out of the water and let the weight be (W2).

w2-wil
wil

Water absorption in % by wt. = x 100. ....... (3-3)

3.4.3 Morphology Test
3.4.3.1 Fourier Transform Infrared Spectroscopy Analysis (FTIR)

Fourier transform infrared spectra technique is used for the characterization
of very complex mixtures by FTIR analysis instrument Type(IR Affinity-1)
made in (Kyoto Japan), which is available in the laboratory of Materials
Engineering college /University of Babylon, shown in Figure (3.7). In order to
measure a sample, calibrate the device using the KBr, and then prepare powder
of the sample to be examined , and mixed with KBr (mixing ratio 99% KBr).
The mixing process achieved thoroughly then pressed as tablet-shaped semi-

transparent to the possibility of penetrating radiation.

Figure (3.7): Shows the FTIR analysis device.

43



Chapter Three Experimental Part

3.4.3.2 Scanning Electron Microscopy (SEM):

Scanning electrons microscope is utilized powerful techniques that allow
the observations and characterizations of the surfaces of both organic and
inorganic material, providing important data concerning the morphologies of the
sample. In this work was carried out to investigate the distribution of fillers in
the plastic waste. The samples were tested using (SEM/ TESCAN/ VEGA 1I
Series/ USA / Amir kaber University/ Iran) as shown in figure (3.8).

Figure(3.8): SEM Instrument
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4.1 Introduction

This chapter includes all the experimental results that are obtained from the
mechanical and physical tests for the polymer bricks under investigation. The
experimental tests and the results of polymer bricks were used to investigate at
first, the mechanical properties including (compressive strength test, hardness
test) and physical properties including (density test, water absorption test) and
finally the most important morphology for polymer brick were performed using
Scanning electron microscopy (SEM) and Fourier transform infrared

spectroscopy analysis (FTIR).

Group (A):- includes the preparation of polymer bricks from PET waste with
the addition of 10, 20, 30,40,50,60 weight ratios of sand.

Group (B):- includes the preparation of polymer bricks from PET waste with the
addition of 10,20,30,40,50,60 weight ratios of fly ash.

Group (C):- includes the preparation of polymer bricks from LDPE waste with
the addition of 10,20,30,40,50,60 weight ratios of sand.

Group (D):- includes the preparation of polymer bricks from LDPE waste with
the addition of 10,20,30,40,50 weight ratios of sawdust.

4.2 Physical Properties
4.2.1 Density Test
4.2.1.1 PET with Fillers

The density result of PET and sand samples are shown in Table (4.1) and
Figure (4.1), It can be noticed that the density increased with increasing the
proportion of the addition sand percent which is (10,20,30,40,50,60)%. This
behavior was expected due to the density of sand being higher than that of PET
where the sand density is 1.3775g/cm® and the density of pure PET is

1.2898g/cm? according to rule of mixture.
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Table (4.1): Density results of PET/sand bricks

Results & Discussion

Sample code Density (g/cm?)
Pure PET 1.2898
Al 1.2980
A2 1.3380
A3 1.4137
A4 1.5357
A5 1.6210
A6 1.7614

N

=
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=
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density(g/cm3)
=
D

=

o
o
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30 40
sand (wt%)

50 60

70

Figure (4.1): The effect of adding sand on the density of PET/sand bricks
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The density result of PET and fly ash samples are shown in Table (4.2) and
Figure (4.2). It can be seen that the density decreases with the increase in the
percentage of added fly ash which is (10,20,30)% and the density increases with
the increase in the percentage of additional fly ash which is (40,50,60)%. This
behavior may be explained by the fact that when small percentages of fly ash
are added, and because the density of fly ash is low which is 0.5163g/cm?
compared to the base polymer (PET) which is 1.2898g/cm*® when small
percentages are added to the polymer, the density of the final product decreases,
according to the rule of mixtures, since this small percentage is not enough to
make a cement phase, but when fly ash is added in high proportions exceeding
40%, the amount of fly ash is sufficient to make the cement phase, which serves

to close the pores in the polymer and thus increase the density.

Table (4.2): Density results of PET/fly ash bricks.

Sample code Density (g/cm?)
Pure PET 1.2898
B1 1.2035
B2 1.2378
B3 1.2638
B4 1.3166
B5 1.3888
B6 1.4819

47



Chapter Four Results & Discussion

1.6
1.5

1.4 /
13 ¢

L \ M

11

density(g/cm3)

0.9

0-8 T T T T T T 1
0 10 20 30 40 50 60 70
fly ash (wt%)

Figure (4.2): The effect of adding fly ash on the density of PET/fly ash bricks.
4.2.1.2 LDPE with Fillers

The density result of LDPE and sand samples are shown in Table (4.3) and
Figure (4.3). It can be seen that the density increased by increasing the
percentage of additional sand which is (10,20,30,40,50,60)%. This behavior was
expected because the density of sand is higher than that of LDPE where the
density of sand is 1.3775 g/cm’ and the density of pure LDPE is 0.8985 g/cm’

according to the rule of mixture.

Table (4.3): Density results of LDPE/sand bricks.

Sample code Density(g/cm?)
Pure LDPE 0.8985
C1 0.9449
C2 1.0411
C3 1.1350
C4 1.2254
C5 1.4208
Ceé 1.4321
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Figure(4.3): The effect of adding sand on the density of LDPE/sand bricks.

The density result of LDPE and sawdust samples are shown in Table (4.4)

and Figure (4.4). It can be noticed that the density decreases with the increase in

the percentage of adding sawdust which is (10,20,30,40,50)%. The reason is

that the density of sawdust is low which is 0.7260g/cm?, which is less than the

density of the base polymer(LDPE), which is 0.8985g/cm?, so the density

decreases as the percentage of addition increases according to the rule of

mixture.

Table (4.4): Density results of LDPE/sawdust bricks

Sample code Density(g/cm?)
Pure LDPE 0.8985
D1 0.8662
D2 0.8526
D3 0.8545
D4 0.8183
D5 0.7065
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Figure(4.4): The effect of adding sawdust on the density of LDPE/sawdust bricks

In general, it is noted that all the bricks that were mentioned previously have

a density lower than the density of ordinary bricks, which were measured and it

was 2.3661 g/cm’, this means that it has lightweight, which is an important

characteristic for the manufacturing of bricks.

4.2.2 Water Absorption

4.2.2.1 PET with Fillers

Table (4.5) shows the results of water absorption for PET and sand bricks,

and Figure (4.5) shows the relationship between water absorption with sand

additions. The results show an increase in water absorption with increasing sand

addition and the highest percentage obtained is 1.14% for A6. The reason for

this 1s may be due to the ability of sand to absorb water.

Whereas, good quality bricks should not absorb more than 20% of water

according to Iraqi Standard No. 25 of 1988. So it means that the water

absorption test shows excellent performance of waste polymer bricks.
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Table(4.5): Water absorption results of PET/sand bricks
Sample code Water absorption %
Pure PET 0
Al 0
A2 0
A3 0.18
A4 0.46
A5 0.47
A6 1.14
1.3
1.1 /‘>
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Figure(4.5): The effect of adding sand on water absorption of PET/sand bricks

The water absorption result of PET and fly ash bricks are shown in Table

(4.6) and Figure (4.6). The results show an increase in water absorption with

increasing fly ash addition and the highest percentage obtained is 0.37% for B6.
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This increase is very small because the size of the fly ash particles is very small,

so high porosity does not occur.

Table(4.6): Water absorption results of PET/fly ash bricks

Sample code Water absorption%
Pure PET 0
B1 0
B2 0.24
B3 0.34
B4 0.34
BS 0.36
B6 0.37
0.4
0.35 / W
e 03 /
',§; 0.25
/
g 0.15 /
5 01
0.05 //
0 <ﬁ T T T T T 1
0 10 20 30 40 50 60 70
fly ash (wt%)

Figure(4.6): The effect of adding fly ash on water absorption of PET/fly ash bricks.
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4.2.2.2 LDPE with Fillers

The water absorption result of LDPE and sand bricks are shown in Table
(4.7) and Figure (4.7). The results show that the absorbance increased at C1, but
with the increase in the sand percentage it started to decrease. The reason for
this behavior may be due to the molecular structure of the LDPE, which makes
it flexible due to the presence of many sub-chains. When adding a few
percentages of sand, it will enter between these chains and separate them, which
increases the porosity of the polymer and thus increases the absorption, but
when the ratio of sand to polymer increases, the sand particles will form
agglomerates between these chains that lead to restricting the movement of
these chains and filling the voids present in it and thus the absorption decreases
with the increase in the percentage of addition this result has a good agreement

with the result of Kumi-Larbi [81].

Table(4.7): Water absorption results of LDPE/sand bricks

Sample code Water absorption %
Pure LDPE 0
C1 0.92
C2 0.76
C3 0.71
C4 0.65
C5 0.52
C6 0.50
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Figure(4.7): The effect of adding sand on water absorption of LDPE/sand bricks

The water absorption result of LDPE and sawdust bricks are shown in
Table (4.8) and Figure (4.8). The results show an increase in water absorption
with increasing sawdust addition and the highest percentage obtained is 21.1%
for D5. The reason for this is due to the high ability of sawdust to absorb water
due to its high porosity.

Table(4.8): Water absorption results of LDPE/sawdust bricks

Sample code Water absorption%
Pure LDPE 0
D1 0.99
D2 1.80
D3 2.02
D4 7.03
D5 21.05
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Figure(4.8): The effect of adding sawdust on water absorption of LDPE/sawdust bricks

4.3 Mechanical Properties

4.3.1 Compressive Strength Test:-

The main aspect to be considered when introducing material in the construction
field is compressive strength. A compressive strength test is used to find the
resistance of polymer brick under compression. To carry out a compressive
strength test on polymer brick, the surface of the brick should be plane on all the
sides so that the load can be distributed evenly. The importance of finding

compressive strength is to measure the load-bearing capacity of the brick.

4.3.1.1 PET with Fillers

The compressive strength results of PET and sand bricks are shown in Table
(4.9) and Figure (4.9). It is found that the increase in the added ratios leads to an
increase in the compressive strength. This maybe because of good homogeneity
between sand and polymer and increase adhesion strength between them.
However, the value of compressive strength at A6 decrease and became 44.76

MPa this maybe due to agglomeration that made sand particles.
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In addition, the increase in the sand gives strength and durability due to its
excellent mechanical properties. It may also be due to the size of small sand
particles where the relationship between particle size and compressive strength

1s reversed.

Table (4.9): Compressive strength results of PET/sand bricks

Sample code Compressive strength(MPa)

Al 22.04
A2 25.28
A3 36.53
A4 48.7
A5 50.51
A6 44.76
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Figure (4.9): Relationship between the addition sand and compressive strength of PET/sand

bricks.
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The compressive strength result of PET and fly ash bricks are shown in
Table (4.10) and Figure (4.10). The results show an increase in compressive
strength with increasing fly ash addition and the highest percentage obtained
was 48.49MPa for B6. This is due to the good homogeneity between the fly ash
and the PET and the low porosity which leads to higher density as well as the
small particle size of fly ash, all these reasons can lead to increased compressive

strength.

Table (4.10): Compressive strength results of PET/fly ash bricks

Sample code Compressive strength(MPa)
B1 14.15
B2 24.45
B3 26.4
B4 27.01
B5 25.58
B6 48.49
60
= 50
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£, 40 /
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fly ash (wt%)

Figure (4.10): Relationship between the addition fly ash and compressive strength of
PET/fly ash bricks.
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4.3.1.2 LDPE with Fillers

The compressive strength results of LDPE and sand bricks are shown in
Table (4.11) and Figure (4.11). It can be notice that the compressive strength
increases slightly with the increasing proportion of sand addition and the
highest percentage obtained is 61.29MPa for C6. The slight increase in
compressive strength may be due to the fact that the LDPE polymer contains
many sub-chains and the sand particles do not sufficiently impede the

movement of the chains.

Table (4.11): Compressive strength results of LDPE/sand bricks

Sample code Compressive strength(MPa)
C1 57.59
C2 56.31
Cc3 59.73
C4 61.04
C5 61.24
Ccé6 61.29
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Figure (4.11): Relationship between the addition sand and compressive strength of

LDPE/sand bricks.

The compressive strength results of LDPE and sawdust bricks are shown in

Table (4.12) and Figure (4.12). It is found that in a small percentage of sawdust

the bricks give high strength but when added in a high percentage the strength

will decrease as the highest compressive strength is 66.89MPa for D2 and the

smallest compressive strength is 16.97MPa for D5. This behavior may be

attributed to the high porosity of sawdust which leads to poor interfacial

strength between LDPE and sawdust and poor dispersion between them and

also the material(LDPE) is insufficient to encapsulate and bind the sawdust.

Table (4.12): Compressive strength results of LDPE/sawdust bricks

Sample code Compressive strength(MPa)
D1 58.45
D2 66.89
D3 62.58
D4 49.44
D5 16.97
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Figure(4.12): The effect of adding sawdust on compressive strength of LDPE/sawdust bricks.

4.3.2 Hardness Test
4.3.2.1 PET with Fillers

The results of the hardness of PET and sand bricks are presented in Table
(4.13) and Figure (4.13) and the results of PET with fly ash are shown in Table
(4.14) and Figure (4.14). It can be seen that the hardness improved greatly with
the increase of sand and fly ash percentages, which means the material's
resistance to deformation by wear, cutting, scratching, penetration and
perforation. This improvement belongs to the strength of the good bond

between the brick parts.

Table (4.13): Hardness results of PET/sand bricks

Sample code Hardness(shore D)
Pure PET 68.43
Al 68.4
A2 70.52
A3 70.9
A4 71
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Figure (4.13): Relationship between the addition sand and hardness of PET/sand bricks.

Table(4.14): Hardness results of PET/fly ash bricks.

Sample code Hardness(shore D)
Pure PET 68.43
B1 69.1
B2 69.7
B3 70.4
B4 70.5
B5 73.5
B6 74.8
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Figure (4.14): Relationship between the addition of fly ash and hardness of PET/fly ash
bricks.

4.3.2.2 LDPE with Fillers

The results of the hardness of LDPE and sand bricks are presented in Table
(4.15) and Figure (4.15). It can be notice that the hardness increases with the
increasing proportion of sand addition. Hardness is a property of a material that
enables it to resist plastic deformation, penetration, etching and scratching. This
increase in hardness can be attributed to the sand structure that contains high
proportions of silicon dioxide in the form of quartz, and quartz is known for its
high hardness. Thus, when sand is added at high rates, and good spreading and

binding occurs, it gives high hardness.
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Table(4.15): Hardness results of LDPE/sand bricks.

Sample code Hardness(shore D)
Pure LDPE 60.1
C1 60.36
C2 61.8
C3 64.5
C4 69.03
C5 70.06
Ccé6 70.46
72
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Figure(4.15): Show the effect of adding sand on the hardness of LDPE/sand bricks.

The results of the hardness of LDPE and sawdust bricks are presented in

Table (4.16) and Figure (4.16). The results show a decrease in hardness with

increasing sawdust addition. This may be attributed to the fact that sawdust has

a high porosity, and therefore the higher the percentage of sawdust, it will

increase the porosity of the finished product, give it a rough surface and also
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weaken the bonding between the polymer and the sawdust. Thus, it reduces

hardness and is easily penetrated.

Table(4.16): Hardness results of LDPE/sawdust bricks.

Sample code Hardness(shore D)
Pure LDPE 60.1
D1 59.86
D2 58.76
D3 58.13
D4 55.94
D5 44.8

hardness(shore D)

30 40 50 60
sawdust( wt%)

Figure(4.16): The effect of adding sawdust on the hardness of LDPE/sawdust bricks.
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4.4 Morphology Test
4.4.1 Fourier Transform Infrared Spectroscopy Analysis (FTIR)
4.4.1.1 PET with Fillers

FTIR was used to determine if there was a change in the chemical
composition of the polymer bricks, where the highest proportion of sand and fly
ash was taken and compared with the pure substance(PET). The range values
and change in intensity or offset of peaks for these compounds recorded by
FTIR are shown in Table (4.17), which were derived from Figures (4.17),
(4.18), and (4.19).

FTIR for PET shows many bands such as the bands at 2962.66 and 2908.65
cm | are attributed to -CH,- stretching and the band at 3062.96 cm” for
aromatic C-H stretching, and the band at 1720.50 cm™ for carbonyl C=0O
stretching and the bands at 1242.16 and 1103.28 cm™ for C-O stretching and the
band at 3425.58 cm™ is attributed to O-H stretching. Also, the band at 1458.18
cm’ is attributed to the stretching vibration of the benzene ring skeleton. The
871.82 and 725.23 cm™ are assigned to the coupled vibrations of the aromatic
out-of-plane C-H bending mode and the out-of-plane O=C-O bending mode,

respectively. This corresponds to reference [88].
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Figure(4.17): Show The FTIR spectrums of PET sample.

Table (4.17): The transmission bands of IR spectrum characteristic of PET and composites.

Type of bond PET standard | PET exp. PET/Fly ash PET/Sand
CH, 2962 2962.66 2962.66 2970.38
stretching[89] 2908 2908.65 2908.65 2908.65
C-H 3060 3062.96 3062.96 3078.39
aromatic[90]

C=0 1720 1720.50 1720.50 1720.50
stretching[90]

O-H 3570-3200 3425.58 3433.29 3433.29
stretching[91]

Aromatic ring 1510-1450 1458.18 1458.16 1419.61
stretch[91]

C-O0 1260-1000 1103.28 1103.28 1087.85
stretching[92] 1242.16 1242.16 1249.87
C-H bending 873.35 871.82 871.82 879.54
0=C-0O bending | 725.64 725.23 725.23 725.23

66



Chapter Four Results & Discussion

PET pure
fiy ash1 ——

0.75-

B e e e S e e e B S e i o S B S S S L S e
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
1/cm

Figure (4.18): FTIR spectrum for PET, pure fly ash and 40%PET/60% fly ash.

. PET pure ——
. 60% sand+40% PET ——
m

w » 4] o
'NE FERNE SRR FENNE SRR EE ANREE SR

N

-

L B e e e e S LA o e e e e B S o
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
1/cm

Figure (4.19): FTIR spectrum for PET, pure sand and 40%PET/60% sand.

Generally, all these variations can be attributed to the interaction between
the addition filler and PET because it transfers spectra to higher and lower
wavenumbers such interaction is physical interaction. So its effect is mainly on
the secondary bond not on the primary bond. Thus the FTIR spectrum shows a
small effect on the transmission band, which indicate no effect on the primary

bond. So no chemical reaction occurred.
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4.4.1.2 LDPE with Fillers

A series of Furrier transform infrared (FTIR) spectra were obtained to detect
any chemical interaction in the polymer bricks. Where the highest percentage of
sand and sawdust was taken and compared with the pure material (LDPE). It is
summarized in Table (4.18), which is derived from Figures (4.20), (4.21) and
(4.22).

FTIR for LDPE shows many bands such as the bands at 2924.09 cm™,
2954.95 cm™ and 2839.22 cm™ for —CH2- stretching, bands at 1458.18 cm™ and
1373.32 cm™' for CH2 bending.
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Figure(4.20): Show The FTIR spectrums of LDPE sample.

Table(4.18): The transmission bands of IR spectrum characteristic of LDPE and composites.

Type of bond LDPE LDPE exp. LDPE/sand LDPE/sawdust
standard[93]

CH, stretching | 2918 2924.09,2954.95 | 2924.09,2954.95 | 2924.09,2954.95
2851 2839.22 2839.22 2839.22

CH; bending 1468 1458.18 1427.32 1458.18
1373 1373.32 1373.32
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Figure(4.21): Shows the FTIR spectrums of samples compared between pure LDPE and
40%LDPE/60% sand and pure sand.
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Figure(4.22): Shows the FTIR spectrums of samples compared between pure LDPE
and 50%LDPE/50% sawdust and pure sawdust.

It is noticed by examination that there is no definitive change in the bricks
made of sawdust and LDPE, only a slight change resulting from the physical
interaction between the components. While in the bricks made of sand and
LDPE, two bonds are broken and a new bond is formed, which is found in the

sand structure and this is probably due to the manufacturing process with a high
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temperature exceeding the melting temperature with the presence of sand
(silica), which is conductive compared to sawdust, so it works to concentrate the
heat in certain areas and thus this may lead to a break in the bonds and formed
bond at 1427.32 cm™ which is present in the sand structure. Thus the FTIR

spectrum shows no chemical reaction and only physical reaction occurred.
4.4.2 Scanning Electron Microscopy (SEM)

Figures (4.23) to (4.26) show SEM images of the samples. The samples that
gave the highest and lowest values in the compressive strength test were taken.
In general, through the figures, it is noted that there is homogeneity between the
base material (polymer) and additives and the absence of defects, which
indicates the success of the preparation and mechanical mixing of the composite

material.

In Figures (4.23) and (4.25), it is clear that by increasing the percentage of
sand to polymer, whether it is PET or LDPE, the fracture type changes from
polymer deformation to brittle fracture, and this explains the high mechanical
properties. Although in the case of LDPE, the polymer deformation turns into a
brittle fracture, but in a very small way, there is no very clear brittle fracture, so

there is a convergence of the compressive strength for these samples.

In figure(4.24, a, b) it is noted that adding fly ash in general works causes
voids and defects, which leads to a lower compressive resistance compared to
sand. This may be due to the difficulty of wetting the fly ash surface by polymer
(PET) due to the high surface energy of the fly ash, which leads to difficulty
during mixing and may lead to heterogeneity in the resulting material. However,
When adding fly ash in high proportions, it will increase its mechanical
properties clearly, because the fly ash acts as cementitious and works to reduce

the size of the voids and increase compressive strength.
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In Figure (4.26, a), the bonding of sawdust with the base polymer (LDPE)
is good, because the surface wettability of sawdust by the base polymer is high
compared to sand, which gives the highest compressive strength. This may be
due to the porous nature of the sawdust and the low interfacial surface tension
between the polymer and the sawdust. However, a significant increase in the
proportion of sawdust significantly reduces the mechanical properties. Perhaps
because the sawdust is of low density and therefore its size is large, so the
material (LDPE) is insufficient to encapsulate and bind the sawdust particles,

which leads to poor adhesion and thus poor mechanical properties, as shown in

the figure (4.26, b).
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Plastic
deformation

Figure(4.23): Scanning electron micrograph of (a) A1 sample that has the lowest compressive

strength. (b) AS sample that has the highest compressive strength.
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Figure(4.24): Scanning electron micrograph of (a) B1 sample that has the lowest compressive
strength. (b) B6 sample that has the highest compressive strength.
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Figure(4.25): Scanning electron micrograph of (a) C2 sample that has the lowest compressive
strength. (b) C6 sample that has the highest compressive strength.

74



Chapter Four Results & Discussion

b
- 3 “.; ¥
d I
A
Sawdust . y _ 4 | N
q jl(l(
1/
\
% p ".
%) 1A
A
5 b
i
200 pm 10 pm Y
— .- ) |

Figure(4.26): Scanning electron micrograph of (a) D2 sample that has the highest compressive
strength. (b) DS sample that has the lowest compressive strength.
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5.1 Introduction

This chapter includes the main conclusions we have reached

through this study and the effect of adding fillers to plastic waste to

produce plastic brick. This chapter also includes the most important

recommendations that we will recommend for subsequent studies.

5.2 Conclusions

From this work, the following conclusions can be summarized:

1-

2-

FTIR results show no chemical reaction between fillers (fly ash, sand and
sawdust) with polymer (LDPE or PET).

The density increases with the addition of sand for both PET and LDPE and
also increases for mixtures of PET with fly ash after 40% of fly ash addition
while it decreases with the addition of sawdust.

The hardness increases with the addition of sand and fly ash, but decreases
with the addition of sawdust.

The compressive strength is improved by the addition of sand and fly ash but
decreased with the increased addition of sawdust although the highest value
is obtained for the 80%LDPE/20%sawdust sample.

The type of fracture in the compressive strength test differs between PET
with fillers and LDPE with fillers where PET samples have a brittle fracture
and LDPE samples are tends to have a ductile fracture.

The water absorption results are excellent for all samples except when
increased adding sawdust, especially in the 50%LDPE/50%sawdust sample.
SEM results show good homogeneity and dispersion of fillers (sand,

sawdust and fly ash) in polymers (LDPE or PET).
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5.3 Recommendations

From the present study, the following recommendation can be helpful for further

studies:

1- Use flame retardants such as calcium carbonate or magnesium carbonate to
increase their fire resistance even more.

2- Study of thermal and acoustic properties of plastic bricks.

3- Use other methods of preparation such as extrusion.

4- Use a fire-resistance thermoset such as epoxy.

5- Study other types of waste plastics such as PP, HDPE, and others in the brick
industry.
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