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The population increases demand for plastic in every sector along with single-use plastic rapidly increasing, but it still has a low
recycling rate. The use of plastic in the form of brick is challenging and overall has a better impact on the ecosystem, economy, and
industrial revolution. In this paper, a study has been done of the available research work on plastic bricks from different plastic
waste materials. It discusses the processes used to make bricks from plastic waste materials, the possibility of contamination
from the waste materials utilized, the lack of pertinent standards, and the public adoption of waste materials-based bricks.
Furthermore, it focused on research and development required for the widespread production and use of bricks made from
waste materials, not only in terms of technical, economic, and environmental considerations but also in terms of
standardization, governmental policy, and public awareness of waste recycling and sustainable development. It has been
observed from the study that PET has mostly recycled plastic with greater efficiency compared to other plastics. However,
worldwide global production is followed by PE, PVC, and PP. PET has only 5% contribution to the global recycling of plastics.

1. Introduction

The introduction of hazardous elements into the ecosystem
is known as pollution. These dangerous compounds are clas-
sified as pollutants. Natural pollutants, like volcanic ash, are
possible. They may also be generated by individuals, such as
waste or runoff from the industry. Air, water, and land are
all harmed by pollution [1]. The availability of air, water,
and land on the globe is essential to all living things, ranging
in size from single-celled microorganisms to blue whales. All
living creatures risk pandemonium when their resources are
polluted. The problem of pollution is global. Even though
cities are typically more polluted than rural areas, pollution
can occur in remote areas where no humans live. The basic
types of pollution are shown in Figure 1.

Plastic has an impact on the air, land, and water. Plastic
is treated as soil pollution when it is thrown away in landfills,
air pollution when it is incinerated, and water pollution
when it is dumped. Most environmental diseases and early
deaths are caused by pollutants [2-4]. Most underdeveloped
countries, where recycling is ineffective, exhibit plastic pollu-
tion. But advanced nations also struggle with properly manag-
ing waste plastic because of a lack of composting and facilities
[5]. Single-use plastic bags frequently wind up in soil and
waterbodies and take an average of 1,000 years to completely
degrade [6-8]. Plastic degrades in landfills due to a variety of
variables, including moisture, sunlight, temperature, and bio-
logical activity. In dumps, polyethylene deteriorates as a result
of chemical, thermal, biological, and photochemical processes
[9]. We have developed a dependence on one-time-use
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F1Gure 1: Types of pollution.

products with terrible consequences for the environment,
society, economy, and our health. Various admixtures in plas-
tic reflect serious issues with the environment and health [10].

Polymers are artificial materials made from fossil fuels
that are used in a variety of ways in our daily lives. Due to
polymers’ flexibility over the past few decades, demand for
them has rapidly grown. Plastic resins use about 10% of
the annual petroleum produced worldwide; 4% is used as
raw material, and 6% is used as fuel or energy during pro-
duction [11]. A polymer is something composed of multiple
units, according to the most basic description. Molecule
chains make up polymers. Typically, silicon, hydrogen, oxy-
gen, and carbon are used to create each link in the chain.
Many links are hooked or polymerized together to form
the chain [12, 13]. Petroleum and other materials are heated
under precise control to break down into smaller molecules
known as monomers, which are then used to make poly-
mers. Plastic resins with various properties, such as strength
or molding capacity, are created by mixing various mono-
mer combinations [14].

By 2021, annual production has increased by about 4.2
times from 1988 reaching 399 million tonnes. About 7.7 bil-
lion tonnes of plastic was produced cumulatively between
1988 and 2021, or around a couple of tonnes of plastic for
every person alive today. Only a modest amount of plastic
was produced between 1950 and 1988; thus, waste plastic
was relatively plausible [15]. Today, we generate roughly
400 million tonnes of plastic garbage annually [15].

Since 1970, the rate of plastic manufacture has increased
more rapidly than the rate of several other materials. Ninety-
five million tonnes of plastic per year was generated in 1988
whereas in 2020, the rate of growth stopped, in significant part
due to the COVID-19 pandemic’s negative effects on demand
[16]. According to forecasts, 12,000 MT of plastic garbage
would wind up in landfills by the year 2050 if past boom
trends continue [16]. Global plastic garbage increased by more
than three times to 299 million tonnes between 1988 and 2021.
The recycling rate is still low. Even so, recycling only makes up
a relatively minor fraction of waste. The global plastic produc-
tion and waste generation are shown in Figure 2.
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According to estimates from 2021, Asia has the highest
production rates, accounting for 49% of the world’s total
output, with China being the top worldwide producer by
32%, followed by Europe and North America, with 15%
and 19% whereas the remaining countries are followed with
less significance in terms of plastic consumption [17]. Based
on the study, the global plastic pollution rate is shown in
Figure 3.

PVC (16%), PP (20%), and PE (33%) are the nonfiber
plastic that has been produced in a large frame, observed
with the aid of PS, PET, and PUR (<18% each). These seven
groups belong to the family of thermoplastic which has a
total 87% contribution toward the plastic family. The ulti-
mate 13% is thermosetting polymers [18]. For packaging
purposes, about 36% of nonfiber plastics are used. Predom-
inantly, PET, PP, and PE are used for the motive. 69% of
all PVCs are used in the building and construction sector,
while PVC has a percentage of 16% of all plastics in the
exceptional sector, which is the next largest consuming sec-
tor. 12% of all nonfiber plastics are used in textiles, and
others are accompanied with the aid of 10% in consumer
and industrial products, 7% in transportation, 4% in electri-
cal and electronics, 1% in industrial machinery, and the ulti-
mate 14% in other sectors [16]. Plastic consumption as per
resin and its share in different sectors are shown in Figure 4.

Among all the packing waste, 14% is incinerated for
power recycling in industries, 40% is gone to landfills, 14%
is amassed and recycled, and the rest of 32% is leaked into
the ecosystem [19]. The overall contribution of packing
waste to nature is shown in Figure 5.

1.1. Classification of Plastics and Their Properties. The two
primary types of plastic are thermosetting and thermoplas-
tic. While thermosetting plastics are irreversible, thermo-
plastics are reversible. Thermoplastic can be repeatedly
frozen, reheated, and molded. Thermosetting plastics cannot
be remelted and reformed again and again, as they develop a
three-dimensional community. Examples of thermoplastics
and thermosetting plastic are shown in Figure 6 [20-22].

There are certain properties to differentiate thermoplas-
tic and thermosetting plastics. The separation is done based
on their definition, nature, process, strength, recyclability,
shape, advantages, and disadvantages. The basic characteris-
tics of thermoplastics are shown in Table 1, and the basic
difference between thermoplastics and thermosetting plas-
tics is shown in Figure 7.

1.2. Impact of Plastics. Plastic wastes incorporate harmful
chemicals that are released into the surroundings in the form
of components such as additives which cause an adverse
effect on human health [23-25]. These polymers are often
landfilled along with municipal solid trash when their useful
lives are through [20, 21]. Phthalates, polyfluorinated com-
pounds, bisphenol A (BPA), brominated flame retardants,
and antimony trioxide are just a few of the harmful compo-
nents found in plastics that can seep out and harm the envi-
ronment and people’s health [10, 22, 26-28]. The basic
additives with different plastics with their impact on life
forms are shown in Figure 8. The threat posed by plastic



Advances in Polymer Technology

Million MT

Plastic production and waste generation (million MT)
1988 — 2021

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

N
S
S
N

2004
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

n
S
S
N

2003

Year

— Annual plastic production (million MT)

— Annual plastic waste generation (million MT)

FIGURE 2: Plastic production and waste generation (million MT).
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pollution to seabirds is widespread, persistent, and increas-
ing [29-31]. Microplastics have now been discovered in
human blood [32-34]. Microplastics are detected in the
human lungs [35-37]. According to several researches, plas-
tic elements may have an impact on neurological growth and
reproductive processes [38-40]. Some researchers have
found evidence of plastic in the soil in the nano- or micro-
form, with effects on soil constituents, soil microorganisms,
plant biomass, and proteins in the plant’s leaves and stems
[41-43]. We are aware of how plastic affects global warming
and greenhouse gas emissions [18, 44-47]. The main danger
to the ocean life and carbon fixation process [48-52] enters
the scene, which is a global threat.

1.3. Plastic Management in India. Plastic is classified into
two groups: one is recyclable (94% of the overall plastic gen-
eration in India is thermoplastics), while the other is nonre-
cyclable (6% of the overall generation in India is thermoset
plastic) [53]. It is to be found that 94% of overall recyclable
plastic includes 67% HDPE and LDPE, 10% PP, 9% PET,
and 4% each of PVC and PS. The remaining 6% of the ther-
moset group is followed by sheet molded composite, fiber-
reinforced plastic, and multilayered and expanded polysty-
rene [54]. The classification of plastics as per recyclability
and resin in India is shown in Figure 9. The annual plastic
consumption is 5 million tonnes/year in 2005, which rose
to 8 million tonnes/year in 2008, and is estimated to be
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further increased to 24 million tonnes/year by 2020 [55].
According to the government of India, the per capita con-
sumption in India in 2022 would increase to 20 kg annually
[56]. A study published in 2015, according to the Central
Pollution Control Board (CPCB), suggests that around 1.28
million tonnes of plastic is generated each year in India
out of which 0.77 million tonnes of plastic is recycled and
0.51 million tonnes of plastic remains uncollected or littered
[57]. According to the report of CPCB for the years 2018-
2019, the total waste generation in India is about 9.46 mil-
lion tonnes each year. However, the cities with major plastic
waste generated are shown in Figure 10 [58].

It is estimated that India contributes to the marine envi-
ronment by discarding 0.09-0.24 million tonnes of plastics
each year into the ocean [59]. Plastic wastes that cannot be
recycled are used as building materials for roadways or for
energy recovery, according to the PWM Rules, 2016. In
India, it is standard practice to use plastic waste as an alter-
native fuel in cement kilns to recover energy. The Cement
Manufacturers Association (CMA) claims that by cutting
the cost of conventional fuel used in the cement business
by about 20%, single-use plastics can be used as an alterna-

tive fuel [60]. 4,773 registered plastic manufacturing/recy-
cling units, including 7 compostable plants, and 1,084
unregistered plastic manufacturing/recycling sectors were
used to handle such a large amount of plastic waste. Even
though the municipalities and unorganized sectors make
regular efforts to recycle plastic waste, some of it still winds
up in landfills [61].

1.4. History of Bricks. For a very long time, bricks have been
a crucial component of construction and building materials.
In 8300-7600 B.C. (at the time of neolith), the first dried clay
bricks were used having the dimension of 260 x 100 x 100
mm. Unfired brick production began between 3100 and
2900 B.C. with the help of hot weather, and in 604-562
B.C,, the first burnt clay bricks were utilized [62].

1.4.1. Clay Brick. Clay and water are the primary ingredients
of traditional bricks. Due to their production from clay and
kiln firing at high temperatures, conventional bricks have a
high embodied energy and a considerable carbon footprint.
They can also be constructed using Ordinary Portland
Cement (OPC) concrete [63]. Many regions of the world
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TaBLE 1: Plastic types with their characterization.

Plastic type Short name

Characteristics

Polyethylene terephthalates PET

Clear, tough, solvent-resistant, the barrier to gas and moisture, softens at 80°C

Hard to semiflexible, resistant to chemicals and moisture, waxy surface,
opaque, softens at 75°C; easily colored, processed, and formed

Soft, flexible, waxy surface, translucent, softens at 70°C, scratches easily

Strong, tough, softens at 80°C, can be clear, and can be solvent welded.
Flexible, clear, elastic, can be solvent welded

Hard and translucent, soften at 140°C, translucent, withstand solvents, and versatile

Clear, glassy, rigid, opaque, semitough, soften at 95°C; affected by fat, acids, and solvents, but

resistant to alkalis and salt solutions; low water absorption, clear when not pigmented, is odor-

and taste-free. Special types of polystyrene (PS) are available for special applications

High-density polyethylene HDPE
Low-density polyethylene LDPE
Polyvinyl chloride pPVC
Polypropylene PP
Polystyrene PS
Other —

Includes all resins and multimaterials (e.g., laminates); properties dependent

on plastic or a combination of plastics

already lack the natural resources necessary to produce com-
mon bricks. Clay bricks typically release 0.41 kg of CO, per
brick and have an embodied energy of about 2.0 kWh [64,
65]. Additionally, it should be emphasized that clay is in
scarce supply in many regions of the planet. Some nations,
including China, have begun to restrict the usage of clay-
based bricks to safeguard the clay supply and the environ-
ment [66-68]. Each year, 375,000,000 tonnes of coal is used
in brick kilns worldwide. Annual global brick production is
1,500 billion, with 1,300 billion (or 87%) of those coming
from Asia [69, 70].

1.4.2. Fly Ash Bricks. Fly ash bricks are an alternative option
to traditional bricks. These bricks are also known as green
bricks. The components are fly ash, gypsum, sand, lime/red
earth, and water. The flow chart of fly ash brick preparation
is shown in Figure 11. Fly ash is an industrial waste product,
and its disposal in large quantities is the problem. Hence, the

researcher comes to the outcome to use it as a building
material such as bricks. Hydrated lime and gypsum are used
as the binder materials with these bricks. This review arti-
cle’s primary goal is to offer an assessment of the recent
use of recyclable plastic refuse as a raw material for building
and as aggregate in the manufacture of bricks and paving
stones. The benefits and drawbacks of using plastic waste
as a raw substance and aggregate are further clarified.

2. Materials and Methods

The literature review is divided into two sections based on
the type of bricks (1% class, 27 Class, etc.). The sections are
divided as a result of compressive strength greater than 1%
class bricks and compressive strength less than 1% class
bricks. For this purpose, compressive strength greater than
10.5MPa is suggested for 1% class bricks while less than
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Definition

Thermoplastic is a substance that becomes plastic on heating and hardens on Thermoset is a polymer that is irreversibly hardened by curing from a soft

cooling and is able to repeat these processes.

solid or viscous liquid pre-polymer or resin.
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FIGURE 7: Difference between thermoplastic and thermosetting plastics.

10.5 MPa and greater than 7.5 MPa is suggested for 2™ class
bricks; at the end, 3™ class bricks have compressive strength
in the range between 3.5 MPa and 7.5 MPa.

2.1. Class One Bricks. The first-class bricks are categorized as
compressive strength more than 10.5 MPa. Several authors
have reported the study to develop this class of bricks with
different processes and plastic materials such as Ikechukwu
and Naghizadeh [71] who introduced 20%, 30%, and 40%
of PET plastic waste with the addition of foundry sand. It
is observed that compressive strength increases with an
increase in plastic content by up to 30%, and further addi-
tion of plastic reduces the strength. The pattern of tensile
strength was observed to be increasing with an increase in
plastic content. Density follows the same pattern as com-
pressive strength. Continuous decrement in water absorp-
tion with an increase in plastic content is investigated. The

reference value is taken as 13.41MPa for compressive
strength, 2.8 MPa for tensile strength, 10% for water absorp-
tion, and 1,894 kg/m” for density. It is found that the plastic
content brick shows greater compressive strength, least
water absorption, high tensile strength, and least density in
comparison to the reference brick. Chauhan et al. [72] intro-
duced 1:2, 1:3, and 1:4 ratios by weight of PET plastic
waste with the addition of river bed sand. It is observed that
compressive strength decreases with an increase in the plas-
tic content, and at the same time, an increment in water
absorption is witnessed. Al-Shathr and Al-Ebrahimy [73]
introduced 2%, 4%, 6%, 8%, and 10% of PET waste plastic
bottles by adding soil to it. It is observed that compressive
strength decreases continuously with an increase in plastic
content, while continuous increment in water absorption is
recorded. The pattern of thermal conductivity showed a
decrease, and density followed the same pattern when the
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plastic content was increased. It might be investigated that
decreasing sieve size increases compressive strength, reduces
water absorption, and increase thermal conductivity and
bulk density. The reference value is taken as 12.4 MPa for
compressive strength, 21.66% for water absorption, 0.47 W/
mK for thermal conductivity, and 1.67 g/cm® for bulk den-
sity. It is observed that the plastic content brick shows the
least compressive strength, greater water absorption, least
thermal conductivity, and bulk density compared to the ref-
erence brick. Veyseh and Yousefi [74] introduced 0.5%,
1.0%, 1.5%, and 2% of polystyrene foam plastic waste by
adding clay to it. It is observed that compressive strength
decreases with an increase in plastic content, and the same
pattern is observed with body density, while an increment
in water absorption is recorded. 1.5% PSF is taken as an
optimum value under various firing temperature ranges of
900°C, 950°C, 1,000°C, and 1,050°C. A maiden decrement



in body density up to 950°C of temperature increment is
observed, and after that, a minor increment is observed on
the continuous rising of temperature. A continuous decre-
ment in water absorption is found, while a standard incre-
ment in compressive strength is observed with an increase
in temperature. The thermal conductivity of brick with
1.5% PSF is found to be 0.24 W/mK. The reference value is
taken as 30.30 MPa for compressive strength, 16% for water
absorption, and 1.7 g/cm’ for body density. It is observed
that the plastic content brick shows the least compressive
strength, greater water absorption rate, and least density
compared to the reference brick. Velmurugan et al. [75]
introduced 20%, 25%, and 30% of polyethylene plastic waste
with the addition of M-sand, river sand, and fly ash. It is
observed that compressive strength increased with an
increase in plastic content, while an increment in hardness
was also recorded. It can be observed that plastic with fly
ash content impacts greater strength and hardness. The ref-
erence value is taken as 17-28 MPa for the compressive
strength. The plastic content samples have strength in the
reference list. Khan et al. [76] introduced 5% and 10% of
PET plastic waste by adding cement and silica fumes into
it. It is observed that compressive strength decreased on
the 1%, 7™ and 28™ days of observation with an increase
in plastic content, while with tensile strength, the same pat-
tern was observed on the 28" day. The study is done on the
flexural tensile type strength. However, irradiated PET plas-
tic waste shows greater compressive and flexural strength
than normal PET waste with the same plastic content. The
reference value is taken as 30.17MPa on the 1% day,
40.06 MPa on the 7™ day, and 56.83 MPa on the 28" day
for compressive strength and 7.08 MPa on the 28" day for
tensile strength. It is observed that the plastic content brick
shows the least compressive and flexural strength compared
to the reference brick. It might seem that density, compres-
sive strength, and water absorption increase with time in
comparison to past values. Bhogayata and Arora [77] intro-
duced 0.5%, 1.0%, 1.5%, and 2.0% metalized plastic waste. It
is observed that compressive strength decreases with an
increase in plastic content while a decrement in density is
recorded. Tensile strength was observed to increase up to
1%, and after that, a decrement was seen for both flexural
and splitting tensile strength. The reference value is taken
as 41MPa for compressive strength; 3.55MPa and
3.10 MPa for flexural tensile strength and splitting tensile
strength, respectively; and 2,460kg/m’ for density. It is
observed that the plastic content brick shows less compres-
sive strength, greater tensile strength, and less density com-
pared to the reference brick. Kulkarni et al. [78] introduced
HDPE and PP plastic waste. It is observed that compressive
strength is greater for HDPE and less for PP plastic com-
pared to the conventional brick, while both the HDPE and
PP bricks show less density, specific gravity, and water
absorption compared to the conventional brick. The refer-
ence value is taken as 10.5MPa for compressive strength,
1.2% for water absorption, and 1,897.335 kg/m3 for density.
Intan and Santosa [79] introduced 9:1, 8:2, 7:3, 6:4, and
5:5 ratios of PET or LDPE plastic waste by adding building
material waste into it. It is observed that compressive
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strength increases up to the 6:4 ratio with an increase in
plastic content; more addition reduces the strength suddenly
for PET waste. Brick with LDPE plastic waste reflects incre-
ment up to 8:2; more addition reduces the strength; the
highest strength for LDPE is found to be 8.54 MPa at 5:5,
while continuous increment in water absorption, porosity,
and density is recorded. PET shows greater compressive
strength and density but less water absorption and porosity
compared to LDPE plastic brick for the same content of
the plastic sample. Awoyera et al. [80] introduced 1.5%
and 2.5% of PET plastic waste with the addition of ceramics,
cement, waste tiles, sand, and granite. It is observed that
compressive strength increases with an increase in plastic
content on the 7", 14™, and 28" days of observation, while
s decrement in water absorption is noticed on the 7" and
14™ days. The pattern of split tensile strength was observed
to increase with content. The reference value is 21.7 MPa
for compressive strength, 2.70 MPa for split tensile strength
on the 28" day, and 8.1% for water absorption on the 14™
day of observation. Compressive strength and tensile
strength increase; however, water absorption shows irregu-
larities with time. It is observed that the plastic content brick
shows greater compressive strength, greater tensile strength
at certain plastic content, and greater water absorption rate
compared to the reference brick. Wahid et al. [81] intro-
duced 5%, 10%, and 15% of PET plastic waste by adding
sand to it. It is observed that compressive strength decreases
continuously with an increase in plastic content, while a reg-
ular decrement in water absorption is recorded. The density
of the brick follows the same pattern. The reference value is
taken as 12.404 MPa for compressive strength, 23.08% for
water absorption, and 1,994.4kg/m’ for density. It is
observed that the plastic content brick shows the least com-
pressive strength, density, and water absorption rate com-
pared to the reference brick. Kumar and Kumar [82]
introduce 1:2, 1:3, and 1:4 ratios by the proportion of
municipal waste plastic waste with an addition of sand. It
is observed that compressive strength decreases with an
increase in plastic content while an increment in water
absorption is recorded. Bhushaiah et al. [83] introduced
5%, 10%, 15%, 20%, and 25% of LDPE plastic waste by add-
ing cement, fly ash, and sand to it. It is observed that com-
pressive strength increases with an increase in plastic
content up to 20% of total content after that decrement is
observed. At the same time, a continuous decrement in
water absorption is recorded. The reference value is
18 MPa for compressive strength and 0.23% for water
absorption. It is observed that the plastic content brick
shows greater compressive strength and less water absorp-
tion rate than the reference brick. Ikechukwu and Shabangu
[84] introduced 20%, 30%, and 40% of PET plastic waste by
adding recycled crushed glass to it. It is observed that com-
pressive strength increases with an increase in plastic con-
tent up to 30%; after that, more addition of plastic leads to
a decrease in strength. At the same time, a decrement in
water absorption of up to 30% of plastic content is recorded;
above that, an increase in the plastic percentage causes a rise
in the water absorption rate. The density follows the same
pattern as compressive strength for the same plastic content.
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The reference value is taken as 14.34 MPa for compressive
strength, 10% for water absorption, and 1,894 kg/m® for den-
sity. It is observed that the plastic content brick shows
greater compressive strength and least water absorption rate
and density compared to the reference brick. Aneke and
Shabangu [85] introduced 60%, 70%, and 80% of scrap plas-
tic waste (PET) with the addition of foundry sand. It is
observed that compressive strength increases up to 70% of
plastic content; moreover, the addition of plastic leads to a
sudden decrease in strength. The optimum splitting tensile
strength is 9.51 MPa. The reference value is taken as
14.25MPa for compressive strength. It is observed that the
plastic content brick shows greater compressive and tensile
strength compared to the reference brick. Aiswaria et al.
[86] introduced 1:2, 1:3, 1:4, 1:5, and 1:6 ratios by the
proportion of PET plastic waste with the addition of M-
sand. It is observed that compressive strength increases to
1:4 proportion by weight of M-sand with constant plastic
content; further addition of M-sand with a constant rate of
plastic proportion leads to a decrease in compressive
strength. At the same time, a decrement in water absorption
is recorded up to a 1:4 ratio by weight, and further addition
causes an increment in the water absorption rate. The refer-
ence value is taken as 8.92 MPa for compressive strength and
15.28% for water absorption for burnt clay brick. It is
observed that the plastic content brick shows greater com-
pressive strength and least water absorption rate compared
to the burnt clay brick. Yanti and Megasari [87] introduced
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, and 90% of
HDPE plastic waste with the addition of concrete. It is
observed that compressive strength increases with an
increase in plastic content up to 40%, and more than 40%
addition leads to a decrease in strength. While decrement
in porosity is recorded up to 60% plastic content, further
addition of plastic increases its porosity. Islam and Shahjalal
[88] introduced 10%, 20%, and 30% of PP aggregate plastic
waste with cement, crushed stone aggregate, and crushed
brick aggregate. It is observed that compressive strength
decreases with increased plastic content for various samples
with different coarse aggregates on the 28"™ and 90 days of
observation, while a decrement in tensile strength is
recorded. Density follows the same pattern as compressive
or tensile strength with an increase in the plastic content.
The reference value is taken as 29 MPa and 20.1 MPa for
the crushed stone aggregate sample and 24MPa and
22 MPa for the crushed brick aggregate sample on the 90™
day of observation of compressive strength and 2.31 MPa
and 2.08 MPa for the crushed stone aggregate sample and
2.23 MPa and 2 MPa for the crushed brick aggregate sample
of tensile strength, and 2,370 kg/m® and 2,350 kg/m” for the
crushed stone aggregate sample and 2,070kg/m® and
2,060kg/m’ for the crushed brick aggregate sample on the
28" day of observation of density. It is observed that the
plastic content brick shows great compressive and tensile
strength for some plastic content with different aggregates
and the least density compared to the reference brick. It is
noticed that compressive strength increases with the rise of
time. Mahdi et al. [89] introduced 1:1 and 2:1 ratios by a
proportion of PET plastic waste with an addition of different

dibasic acids, initiator promoters, and glycol. Various transi-
tions in compressive and tensile strength with mixed dibasic
acid and initiator promoter are recorded. However, higher
compressive strength and split tensile strength are noted to
be 42.2 MPa at a 1:1 ratio by a proportion of plastic content
and 7.60 MPa at a 1:1 ratio by a proportion of plastic con-
tent, respectively, with malice anhydride and phthalic anhy-
dride as dibasic acid for compressive strength and malice
anhydride as basic acid for tensile strength with methyl ethyl
ketone peroxide (MEKP) and cobalt naphthenate (CoNp)
used as an initiator promoter in both the tests. Gesoglu
et al. [90] introduced 5%, 10%, 15%, 20%, and 25% of
PVC plastic waste with the addition of cement, crushed rock,
natural coarse aggregate, river sand, fine natural aggregate,
fly ash, and superplasticizer. A continuous decrement in
compressive strength, splitting tensile strength, and flexural
strength with increased plastic content is observed. The ref-
erence value for the control sample is 60.40 MPa for com-
pressive strength, 4.99 MPa for splitting tensile strength,
and 4.64 MPa for flexural tensile strength. It is observed that
the plastic content sample has the least compressive
strength, splitting tensile strength, and flexural strength than
the reference sample. Rahmani et al. [91] introduced 5%,
10%, and 15% of PET plastic waste with the addition of
cement, water, gravel, and sand. It is observed that compres-
sive strength decreases with the increase of plastic content
for both 0.42 and 0.54 water-cement ratios. The same pat-
tern is observed with splitting tensile strength, flexural
strength, and dry weight unit. The control value is taken as
42.12MPa and 33.39MPa for compressive strength,
6.25MPa and 5.52MPa for flexural strength, 4 MPa and
3.77 MPa for splitting tensile strength, and 2,281.58 kg/m’
and 2,221.83kg/m> for dry unit weight with W/C ratio of
0.42 and 0.54, respectively. It is observed that the plastic
content sample shows greater compressive and flexural
strength at 5% PET content for W/C concentration ratios,
least splitting tensile strength, and dry unit weight compared
to the control sample. It is also noticed that increasing the
W/C ratio for the same plastic content affects the decrease
of compressive strength, flexural strength, splitting tensile
strength, and dry unit weight. However, a decrement in
dry unit weight with time is witnessed. Anumol and Elson
[92] introduced 10%, 15%, 20%, and 25% of plastic aggregate
waste with the addition of coarse aggregate, fine aggregate,
superplasticizer, and cement. It is observed that compressive
strength decreases with an increase in plastic content on the
7™ and 28™ days of observation. About 15% plastic content
is taken as the optimum plastic content sample in the study.
Some other tests are carried out for a 15% plastic content
sample (optimum) and noted the result to compare with
the control sample. The value of flexural strength and split
tensile strength is noted to be 3.67 MPa and 2.4 MPa, respec-
tively, for optimum plastic content. The reference value is
found as 17.2MPa and 28.2 MPa for compressive strength
on the 7™ and 28" days of observation and 3.79 MPa and
2.45MPa for flexural and split tensile strength, respectively.
It is observed that the plastic content sample shows the least
compressive strength, flexural strength, and split tensile
strength compared to the reference sample. Cadere et al.
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[93] introduced 20%, 40%, 60%, 80%, and 100% of polysty-
rene granule plastic with the addition of cement, river aggre-
gate, water, and fly ash. It is observed that compressive
strength and density decrease continuously with an increase
in plastic content, while a decrement in flexural strength is
recorded up to 60% plastic content; however, a sudden
increment is seen with the further addition of plastic in the
sample. Irregularities with the pattern of split tensile
strength were observed. The reference value is taken as
33.45 MPa for compressive strength, 2,250 kg/m” for density,
and 1.82MPa and 1.72MPa for flexural and split tensile
strength, respectively. It is observed that the plastic content
sample shows the least compressive strength, tensile
strength, and density compared to the reference sample.
Hannawi et al. [94] introduce 3%, 10%, 20%, and 50% of
PET and PC plastic waste with an addition of water, cement,
and sand. A continuous decrement in compressive strength,
flexural strength, and density with an increase in plastic con-
tent is recorded, while a continuous increment in water
absorption and apparent porosity is observed for both types
of plastic. The reference value is 54 MPa for compressive
strength, 5.2MPa for tensile strength, 7.22% for water
absorption, 2,173kg/m’ for dry density, and 2,331kg/m’
for dry fresh density. The plastic content sample shows the
least compressive strength and density, excellent water
absorption, porosity, and flexural strength (at some content
of plastic) compared to the reference sample. However, the
sample with PET plastic content appears with greater den-
sity and compressive strength compared to the PC plastic
sample, but PET plastic content up to 10% shows greater
water absorption, apparent porosity, and flexural strength
compared to the PC plastic content sample; more addition
leads to a decrease in the respective value compared to the
PC content sample. Xu et al. [95] introduced 15%, 20%,
and 25% of polystyrene plastic waste with the addition of
cement and sand. It is observed that compressive strength
decreases with an increase in plastic content, respectively,
for 0.45, 0.50, and 0.55 W/C ratios on the 7™ and 28" days
of observation, while the same pattern is recorded for den-
sity. However, a decrement in compressive strength and
density for the same content of plastic is observed with an
increase in the W/C ratio. It seems that compressive
strength increases with time. Ghuge et al. [96] introduced
600 g of plastic waste with cement, quarry dust, and 10 mm
coarse aggregate. It is observed that the compressive strength
of the plastic content sample showed less strength compared
to the ordinary brick on the 7 and 28" days of observation.
However, it is observed that the compressive strength of a
sample increases with time. Muyen et al. [97] introduced 9
and 12 PET plastic bottles, filled them with cement and
sand, and observed their compressive and split tensile
strength. A decrement in compressive strength and an incre-
ment in split tensile strength with an increase in plastic bot-
tle number is found. Ikechukwu and Naghizadeh [98]
introduced 20%, 30%, and 40% of PET plastic waste in addi-
tion to foundry sand and clay. It is observed that compres-
sive strength, tensile strength, and density increase with an
increase in plastic content of up to 30% plastic in the sample.
More plastic content leads to a decrease in the respective
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values, while a continuous decrement in water absorption
is recorded. The reference value is taken as 28.88 MPa for
compressive strength, 3.90 MPa for tensile strength, 32.5g/
min/m?* for water absorption, and 1,894 kg/m’ for density.
It is observed that the plastic content brick shows greater
compressive strength and tensile strength, while the least
water absorption rate and density compared to the reference
brick. Aleena et al. [99] introduce 1:1, 1:2, 1:3, and 1:4
proportion by weight of plastic waste (except PET waste)
with the addition of M-sand and glass powder. It is observed
that compressive strength increases with an increase in M-
sand content by a 1:2 ratio proportion of weight; further
addition leads to a decrease in strength, while a continuous
increment in water absorption is recorded with an increas-
ing rate of M-sand content. The ratio of 1:2 by weight is
taken as per the optimum ratio content in the research. After
that, M-sand is partially replaced with glass powder by 10%,
20%, 30%, 40%, and 50%. It seems to lead to a better
improvement in compressive strength while a proportionate
decrement in water absorption by replacing some content of
foundry sand with glass powder. Further replacement above
40% of M-sand with glass powder leads to a decrease in
compressive strength. The reference value is taken as
10.7MPa, 7MPa, and 3.5MPa for compressive strength
and 15%, 20%, and 25% for water absorption for the 1%,
2" and 3™ class bricks, respectively. It is observed that the
plastic content brick shows greater compressive strength
when the optimum plastic M-sand proportion is replaced
by 40% glass powder and overall least water absorption rate
compared to the 1%, 2" and 3 class bricks. Awoyera et al.
[100] introduce 5% and 10% of plastic fiber with river sand,
laterite, cement, and ceramics. Variation in compressive
strength with different samples containing various elemen-
tary contents is observed; however, 5% plastic content with
100% laterite brick has minimum compressive strength,
and 10% plastic with 100% ceramic brick has maximum
compressive strength. Maximum water absorption is
observed for 5% plastic content, but minimum water absorp-
tion is obtained for 10% plastic content. The maximum
compressive strength is 16 MPa, and the minimum compres-
sive strength is 6.80 MPa on the 7™ day of observation. It is
investigated that compressive strength increases with time.
Aneke et al. [101] introduced 20%, 30%, and 40% of PET
plastic waste with the river sand. It is observed that compres-
sive strength increases with an increase in plastic content by
up to 30%, and extending more plastic content leads to a
decrease in the respective value. While a continuous decre-
ment in water absorption and density is recorded, a contin-
uous increment in tensile strength is seen with the increase
in plastic content. The reference value is taken as 8 MPa
for compressive strength, 3.08 MPa for tensile strength,
32.5g/min/m” for water absorption, and 1,894kg/m’ for
density. It is observed that the plastic content brick shows
greater compressive strength and tensile strength and the
least water absorption rate and density compared to the ref-
erence brick. Hamzah and Alkhafaj [102] introduce 40%,
50%, 60%, 70%, 80%, 90%, and 100% of LDPE plastic waste
with the addition of sand and sawdust. It is observed that
compressive strength decreases with an increase in plastic
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content for sand admixture and increases with an increase in
sawdust admixture. However, sudden increments with sand
and decrement with sawdust are seen for compressive
strength at 90% of LDPE plastic content addition in bricks.
At the same time, continuous increments and decrements
in water absorption are recorded for sand and sawdust
admixture, respectively. A regular decrement with sand
and increment with sawdust are observed for density and
hardness with an increase in the plastic content. Mohan
et al. [103] introduced 5%, 15%, 25%, and 35% of plastic
waste scrap with M-sand and thermo-coal. An increment
in compressive strength with an increase in plastic content
up to 25% plastic sample is observed, while more addition
beyond 25% leads to a drop in the value of compressive
strength. Somehow, 0% water absorption is recorded with
overall plastic content samples. Ikechukwu and Naghizadeh
[104] introduce 20%, 30%, and 40% of PET plastic waste
with foundry sand and clay. It is observed that compressive
strength, tensile strength, and density increase with an
increase in plastic content up to 30%, extending to more
plastic content drop-down in the respective values, while a
continuous decrement in water absorption and apparent
porosity is recorded. The reference value is taken as
28.88 MPa for compressive strength, 3.90 MPa for tensile
strength, 32.5 g/min/m? for water absorption, 32% for poros-
ity, and 1,894 kg/m’ for density. It is observed that the plas-
tic content brick shows greater compressive strength and
tensile strength while having less water absorption rate,
porosity, and density compared to the reference brick. Patil
et al. [105] introduce a 1:2 proportion by weight of plastic
waste with sand. It is observed with 203.56 kg/cm* compres-
sive strength and 1.318% water absorption rate.

2.2. Class Two and Class Three Bricks. It has compressive
strength of less than 10.5 MPa or compressive strength less
than the range of the 1** class brick. Panyakapo and Panya-
kapo [106] introduce a 0.5 to 4.0 by-weight ratio of mela-
mine plastic waste with the addition of cement, sand, and
fly ash. It is observed that compressive strength decreases
with an increase in plastic content. Density follows the same
pattern as compressive strength. Increasing sand content
with minimum plastic content increases compressive
strength and density; afterward, the addition of fly ash to
the sand results in an increase in strength to a certain value;
then, a decrement is shown in further addition. Alaloul et al.
[107] introduced 20%, 40%, 60%, and 80% of PET plastic
waste by adding polyurethane binder (PU). It is observed
that compressive strength increases with plastic content up
to 60%, and further addition causes a reduction in strength.
The pattern of tensile and impact strength is the same as
compressive strength. Thermal conductivity follows a con-
tinuous decrement with a proportionate increase in the plas-
tic content. The reference value is 33 MPa for compressive
strength, 1.28 MPa for tensile strength, and 0.41 W/mK for
thermal conductivity. It is found that the plastic content
brick shows the least strength, high tensile strength, and least
thermal conductivity compared to the reference brick.
Parthiban et al. [108] introduced 5%, 10%, 15%, and 20%
of polyethylene plastic waste by adding M-sand. It is
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observed that compressive strength increases with an
increase in the plastic content. At the same time, there is a
decrement in water absorption, which is to be investigated.
An increase in compressive strength with days is observed.
Shiri et al. [109] introduced 67%, 70%, and 100% of LDPE
and PP plastic waste, with an addition of waste rubber pow-
der and CaCO,. It is observed that compressive strength
decreases with an increase in the plastic content for LDPE,
while 70% PP shows the highest compressive strength of
6.333 MPa. Density decreases with an increase in plastic con-
tent; the type of plastic does not make a difference. However,
a large drop is witnessed when PP industrial waste is intro-
duced. The reference value is taken as 3.636 MPa for com-
pressive strength and 1,791.63kg/m’ for density. It is
observed that the plastic content brick shows greater com-
pressive strength and lower density than the reference brick.
Maneeth et al. [110] introduced 65%, 70%, 75%, and 80% of
PET and PP plastic waste by adding laterite soil with 2%, 5%,
and 10% bitumen as binder into it. It is observed that com-
pressive strength increases with an increase in plastic con-
tent up to 65% along with 2% of bitumen binder; on
further addition of plastic waste with the same binder con-
tent, compressive strength remains constant up to 70%,
and then, it starts decreasing rapidly. The researchers pro-
posed the theory that when bitumen content is enhanced
up to 5% along with 70% plastic content, it reaches the max-
imum compressive strength value; however, when further
additions are made, then it leads to a reduction in the com-
pressive strength. Also, a continuous decrement in water
absorption is recorded. The reference value is taken as
2.16 MPa for compressive strength and 1.8242% for water
absorption. It is observed that plastic content bricks show
greater compressive strength and less water absorption than
reference bricks. Akinwumi et al. [111] introduced 1%, 3%,
and 7% of PET shredded plastic waste by adding soil to it.
It is observed that compressive strength reduces with an
increase in plastic content. It is investigated that an increase
in plastic size decreases the strength of the brick. The refer-
ence value is taken as 0.45 MPa for compressive strength. It
is found that the plastic content brick shows greater com-
pressive strength compared to the reference brick. Selvamani
etal. [112] introduced a 1:2, 1:3, and 1:4 ratio by a propor-
tion of PET plastic waste with an addition of sand. It is
observed that compressive strength increases with an
increase in plastic content up to 1:3 by weight ratio; how-
ever, more addition of plastic results in a sudden decrement
in strength. While decrement in water absorption is
observed up to 1:3 by weight ratio, further addition of plas-
tic waste rapidly increases the water absorption rate. The ref-
erence value is 558 MPa for compressive strength and
12.24% for water absorption. It is found that the plastic con-
tent brick shows greater compressive strength at 1:3 and less
water absorption than the reference brick. Akinyele et al.
[113] introduced 5% and 10% of PET plastic waste with
the addition of laterite clay. It is observed that compressive
strength decreases with an increase in plastic content, while
a decrement in water absorption is also recorded. Density
follows the same pattern. The reference value is taken as
5.15MPa for compressive strength, 10.29% for water
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absorption, and 1,674 kg/m> for density. It is observed that
the plastic content brick shows less compressive strength,
water absorption, and density compared to the reference
brick. Deraman et al. [114] introduced 2.5%, 5.0%, and
7.5% of PET plastic waste with the addition of cement and
sand. It is observed that compressive strength decreases on
the 7™ and 28™ days of observation with an increase in plas-
tic content, while an increment in water absorption is
recorded on the 7™ and 28™ days. The pattern of density
and thermal conductivity was observed to decrease. The ref-
erence value is taken as 8.60MPa on the 7" day and
13.40MPa on the 28" day for compressive strength,
211.64kg/m” on the 7™ day and 226.62kg/m> on the 28™
day for water absorption, and 2,265.64kg/m> on the 7
day and 2,258.74kg/m® on the 28" day for density, and
0.725W/mK for thermal conductivity on the 28" day of
observation. It is observed that the plastic content brick
shows less compressive strength, greater water absorption,
and lower thermal conductivity and density compared to
the reference brick. It is to be observed that density
decreases, compressive strength increases, and water absorp-
tion increases over time. Limami et al. [115] introduced 1%,
3%, 7%, 15%, and 20% of HDPE and PET plastic waste by
adding clay to it. It is observed that compressive strength
decreases with an increase in plastic content for both plastic
types, while an increment in water absorption is recorded.
The density pattern was observed to be continuously
decreasing, but porosity increases with plastic content for
both types of plastic. The reference value is taken as
5.62 MPa for compressive strength, 27.95 g/cm® mm'? for
water absorption, 1.78 g/cm” for bulk density, and 1% for
porosity. It is found that an increase in particle size reduces
bulk density and compressive strength and increases poros-
ity and water absorption for both the HDPE and PET plastic
bricks. Thirugnanasambantham et al. [116] introduce 1:3,
1:4, and 1:5 weight ratios of PE plastic waste by adding
sand to it. It is observed that compressive strength increases
with an increase in sand content, while water absorption
decreases with increases in sand content with constant plas-
tic proportion up to a 1:4 ratio by weight after that sudden
increment is noticed. The reference value is taken as
3.83MPa for compressive strength and 6.97% for water
absorption for the fly ash brick. Ebadi Jamkhaneh et al.
[117] introduced 2%, 4%, 8%, and 10% of PET plastic waste
with the addition of clay. It is observed that compressive
strength decreases with an increase in plastic content for
both fine and coarse aggregates, while an increment in water
absorption is recorded. The porosity follows the same pat-
tern as compressive strength. In some content of plastics, a
sudden decrement in the absorption rate is investigated.
The reference value is taken as 7.3 MPa for compressive
strength and 30% for porosity. Kumar et al. [118] introduced
60%, 65%, 70%, and 75% of PET plastic waste with laterite
quarry waste and gypsum. It is observed that compressive
strength increases with an increase in plastic content by up
to 70% after that sudden drop in strength is observed, while
a continuous decrement in water absorption is recorded.
The reference value is taken as 2.5MPa for compressive
strength. It is observed that the plastic content brick shows
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greater compressive strength compared to the reference
brick. Maddodi et al. [119] introduced 25% and 40% PET
plastic waste by adding chopped wood fibers. It is observed
that compressive strength increases with an increase in plas-
tic content, while a decrement in hardness is recorded by the
R-scale Rockwell hardness number test (HRR). Adiyanto
et al. [120] introduced 1.65kg and 2.38kg of plastic waste
with the addition of cement, sand, and quarry dust. It is
observed that compressive stren%th increases with an
increase in plastic content by the 7™, 14™, and 21° days of
observation. Somehow, an increment in bulk and dry density
is seen. The reference value is taken as 4.92 MPa, 5.33 MPa,
and 6.07 MPa for compressive strength. It is observed that
the plastic content brick shows greater compressive strength,
less water absorption rate, greater bulk and dry density, and
less porosity than the reference brick. Akinyele et al. [121]
introduced 1%, 2%, 3%, 4%, and 5% of polypropylene plastic
granules with an addition of glass and laterite. It is observed
that compressive strength and water absorption decrease
with increased plastic content. More addition of granules
leads to an increase in strength by up to 4%, and extending
to these limits leads to a decrement in strength. The refer-
ence value is taken as 6.15MPa for compressive strength,
5.5 MPa for tensile strength, 16% for water absorption, and
1,376 kg/m”> for density. It is observed that the plastic con-
tent brick shows the least compressive strength, density,
and water absorption rate but is high in tensile strength
compared to the reference brick. Ursua [122] introduced
29%, 34%, and 39% of plastic waste by adding it to the river
sand, glass bottles, and paper. It is investigated that com-
pressive strength increases with an increase in plastic con-
tent up to 34%; more addition leads to a sudden drop in
compressive strength, while a continuous decrement in
water absorption and density is recorded with the increase
in plastic content. Nursyamsi et al. [123] introduced 20%
of LDPE plastic pellets with sand and cement. The reference
values are taken as 1.943 g/cm” for content weight, 9.25% for
water absorption, 9.82 MPa for compressive strength, and
1.79 MPa for tensile strength. It is observed that the plastic
content brick shows the least compressive strength, water
absorption, tension, and content weight compared to the ref-
erence brick. Khalil et al. [124] introduced 10% of HDPE
plastic with the addition of metakaolin, coarse aggregate,
superplasticizer, crushed clay brick waste aggregate, alkaline
solution, and water. Various transitions with compressive
strength and water absorption are recorded with different
contents. But brick with 10% plastic and plastic-waste brick
powder brick show the least compressive strength and
higher water absorption compared to other bricks. Chow
and Rosidan [125] introduced 1.275kg of plastic waste with
cement, sand, and water. It is observed that compressive
strength decreases, and at the same hand, an increment in
water absorption is recorded up to 3 x 3 cm of plastic size
admixtures; further increases in dimension cause an increase
in compressive strength as well as a decrease in water
absorption for the same plastic size admixtures. Jayaram
et al. [126] introduced 2%, 4%, 6%, and 8% of virgin plastic
waste with cement, lime, gypsum, crusher sand, and GGBS.
It is observed that compressive strength decreases with an
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increase in plastic content on the 7' and 28" days of obser-
vation, while a decrement in water absorption is recorded.
The reference value is taken as 8.5MPa for compressive
strength and 1.52% for water absorption. Chougale et al.

[127] introduce 60%, 70%, and 80% of LDPE plastic waste
with brick powder. It is observed that compressive strength
increases with an increase in plastic content.

3. Discussion

From the review of the large range of published work, it is
clear that the utilization of plastic waste for building mate-
rials has been a subject of extensive research over the years.
Much work has been done through the utilization of various
admixtures with waste plastic in the construction sector, and
it is accepted by many researchers nowadays [128-132]. The
majority of plastics made globally (77%) have carbon-carbon
backbones. The powerful resistance to environmental deteri-
oration provided by this molecular structure makes for dura-
ble materials that in the absence of incineration last for
decades or longer [133]. One of the reasons for this interest
is the fact that bricks developed from waste plastic have not
only attracted industry but also replaced conventional
bricks. A country developed by utilizing its maximum waste,
i.e., lean manufacturing. Due to the labor-intensive nature of
the process and the low recycling rate (less than 10% of the
total PW composition), recycling plastic waste was not very
efficient [134]. According to the UN report, 2017, only 9% of
plastic is recycled, while 12% is burned and 79% of the over-
all is discarded in landfills [135]. Global waste plastic man-
agement data as per the UN report is shown in Figure 12.
It is a matter of fact that many of the past reviews suggest
a lower recycling rate of plastic. Hence, its utilization in the
industry not only increases its recycling efficiency but also
reduces dependency on natural resources for brick produc-
tion. The recyclability of plastic is obtained by a review of
plastics in past research. Polyethylene terephthalate (PET)
is the maximum usually recycled sort of plastic, which has
a 47% recycling rate throughout the world. PE accounts next
by 32%. Exclusive to these are hardly ever recycled. From the
investigation of the published journals, the recycling data as



=}
=
Qo
1m [s6] - - — - - - - 0TLT  090C - - - - €L LL0T — %ST ‘%O0T ‘%ST pues Juatra) suarhishiod  (52)
% [¥6] 8'SIT Sl - - 9¢ S's s €791 pSIT €L1T 1L 0s'6 wL 91 0s ¥s 9%0S ‘%0T ‘%01 ‘%€ pues Juawad “IaeM Od ‘Lid ¥2)
. %001 yse A ‘101em
5 [e6] - - - - 10T 65T (43 0881 yele 0sCT - - - Y8 0SL1T  Shee 9408 %09 “%0F “%0T ye8a188e 1oA1T Guowar) suaikyshjoq (€7)
m/ [z6] - - - - - L9°¢ 6L'¢ - - - - - - L81  8'LT 78T %ST ‘“%0T “%ST ‘%01 JUIWD ‘dS VA VO - (20)
.D|.n.u. [16] - - - - §Ts 199 sT9 89'L¥IT GS'€0ET €S'TTET - - - LS'6T LTVY  TI'TH %ST ‘%0T ‘%S pues ‘[PAeIS IojeM JuUIWD) Ldd (17)
o - - - o . . . - - - - - - . X . %ST 1ozonsejdiadns ‘yse ]y ‘pues
M [06] 67 697 667 ve'sy LTLS 0V09 907 ‘%ST ‘%0T %S IOAL SOI PaYSNI> JULA)) OAd (07)
3 ajeuaypydeu jreqod
m oprxo1ad auo0jay Ao [Aypow
3 [68] - - - - ov'e 09 - — - - - - - L8T  TTh - | S ‘ouipue [£yarp-NN ‘oprxosad Lad (61)
< o10ZUaq ‘OpupAyue dreyyd
OpupAyuE I[N [024]D
_ _ _ _ . . . _ _ _ < ‘ PHq paysnid
[88] 91 (44 1€¢C 0¥81 01¢€C 0L€C 8 143 6T %0€ “%0T “%0T SU0JS PaYSII> GUAI dd (81)
%06 ‘%08 ‘%0L ‘%09
[£8] 8¥ — — — - - — - — — — — — 9€'S  8FTI — %05 RESlLYe) AddH (1)
%0% ‘%0€ ‘%0T ‘%01
[98] — — — — - - — - — — Lo 99T 8TEL 09T €T8T  T6® ., AT@TM“ i pues- 14d (91)
[s8] - - - - - 15°6 - - - - - - - S¥'6T ¥I'8¢  STVI %08 ‘%0L ‘%09 pues Axpunoyg Lad (s1)
[¥8] - - - - - - - ¥8LI1 L881 ¥681 1 € 01 syee vr'ey vevl %0% ‘%0€ ‘%0T $3sSB[3 PaysnId papAdY Lad ((49]
0,
[€8] - - - - - - - - - - SL00  ¥T'0 €T0 §9'81 861 8T ‘%0T Aa\om\oﬁmmxwoﬁ %6 pues ‘yse £y quawa) 4ddT (€1)
— — _ _ _ _ _ _ _ _ . . _ . X _ ST 21SeM PI[OS
[zs] 8IET  095% LT9  96'61 VI pueg redprungy (cn)
[18] - - - - - - - 80191  €9S81 #7661 w66 9Tl 80°€T 86'C TOTT  OV'TI %ST ‘%01 ‘%S pues Lidd (1)
_ _ _ _ . . . _ _ _ . . . . . . e ayuers pues
[08] STT SsT'e 04C 8 S0y '8 96  67FC L'1e %S'T “%S'T JUaMIaY ‘SO[T} 2)SEM JTUIRIY) Liad (o1)
[6£] 9¢'1 - - - - - - [tige! 0641 - 1o S6°0 - 9L'T  S01 - G0 “NAAM. 3116 a3seMm Terrdyew Jurpyng 14d ‘4da1 (6)
[8£] - - - - - - - L6T'P98 TOT'LL8 SEEL68T 0LE0  TSLO [ 00T 6T'TT Sor - - dd ‘9daH (8)
o _ - o . . . - _ - . . P 9JBDI[IS WNIPOS “OPIXOIPAY a)sem onserd
[22] 9¢  68¢ ss'e S8¢C 01¥T 09%C rge 1’0y 184 %T “%S'T "%l “%S'0 wmnrpos ‘saprxo ‘yse A pmbry pozIeIa Iy (2)
[9£] - - - - 86'S  L6L 80°L - - - - - - <S9 79 €899 %0T ‘%S SouwIny BOI[IS JUIW)) Ldd 9)
[sz] — — — — - = — - — — — - — 9L 8T 8¢ %0E “%ST “%0T yse Ay ‘pues 1AL ‘pues-ly  dudAyRAl0g  (S)
[¥£] - - ¥To 1 - - - 006 08¢T 0041 §'0T €0¢ 91 65'S  VI8T  0€0¢ %T “%S'T ‘%I ‘%S0 LeD aua1fyskjoq ()
[€4] - - o L¥'0 - - - 0scI 0091 0491 60¢c  T'I¢ 99'1C L 9911 vl %0T ‘%8 ‘%9 ‘%¥ “%T [10S “d1seMm 211} Jaqqmy Lad (€)
[cL] - - - - - - - - - - 66’0  095¥ - 04'S 9661 - Prrerretl pues paq TaAr] Liad (2)
[1£] - - - - €Ty 976 8¢ 8.1 £881 681 70 L1 U 0¥'8¢ 8I'9¢ I¥'el %0¥ “%0€ ‘%0T pues L1punog Ldad (1)
JUIJUOD  JUIIUOD  JUIIUOD  JUIIUOD JUIU0D JUU0d JUU0D JUU0D
jus3u0d Jud3u0d
onse[d  onseid  opseld  onserd nserd onse[d  juduod onserd onsed  judyuod onserd  onserd nserd onserd
WM NoImM [PIM oYM HSel moym m spdureg oM m d[dures  Jnoym HSel moym
. ym odureg ym adureg our
Joy odweg opdwes ojdwreg  opdwreg sidureg odureg spdureg oidwes (%) 1usyuod dnse[d SAUINJXTWPY adfyonselg  ou'g
Crw/m) (edIN)
(%) £1so10g EWWUHMMEFOU (edN) yiSuams aIsud [, A«.E\mvc Aysua(g (%) uondiosqe 1a1e A\ s sarssoxdwop)

14

"SYPLIQ JO $o1ISLIP)ORIRYD A1) Jo Apn)s aaneredwo)) g a14v],



15

Advances in Polymer Technology

1T oy - - - - - - - - [4 - 1 00T %8 "%¥ "%T I Ldd V.
(AR A 0¢ §9¢  §9 0 8 €L %01 %8 “%V ‘% Led (v)
[ot1] - - - - - - - - - - LTL0  €€0'T L6'9 6V'y 99 €8¢ SITPITET pues ad (9%)
0
SIT 6T I - - - - - [liad! 0vLT 08L1 90°0¢  ST'¥9 S6°LC (778 S (V) w96 ¢ o/ ) oy < o] Ldd "dddH i
et %G1 Qo\Mow\om %1 4 . (sv)
[p11] - - S¥9°0 STL0 - - - YTe60C 61'861C $9°S9CC 00T (U8 ov'el 00C 0r's 0¥l %S°L ‘%S “%S'T pues quawa) Ldd ((272]
[ert] - - - - - - - (U331 OVl YLo1 LS9 £v'6 6701 G800 0€T SIS %0T ‘%S Kepo ayura3e] Lad (€¥)
[err] - - - - - - - - - - w90 Uy ol ¥y 908 86°G PITEITTT pues Lad (2¥)
[111] - - - - - - - - - - - - - S0 ¥S'T S0 %L ‘%€ ‘%1 [ros Ldd (1%)
[ot1] - - - - - - - - - - 756590 TPT8T - 70T 01 91T %08 “%SL ‘“%0L ‘%S9 uswmnjIq Tros LI dd ‘14d (o%)
. . . . . . qddT %L9 13 . .
— — — — — — — — — — ©) ‘1opmod 1aqqni ajse
[601] 6€'1sS  ITIVL  €9°16L1 TS €e€9  9¢9°¢ “qd %0L “AdAT %00T OO®)D “19p: qq M dd 4ddT (6€)
. . _ . . _ P P ~ J)sem
[sor]  — - - - - - - — - - 99 SI8 8L €l %ST ‘%01 %S pues-y suskyakiod (8¢€)
[2o1] - - 12C0 70 9I¥'0 10¢'T 8T'1T - - - - - - 1c €S €€ %08 %09 ‘%0¥ ‘%0T JTopuiq duepaIA[og 1dd punorn - (Lg)
STerrajeur
19130 Jo JySrom
. . a) £q uonzodoxd ¢
[901] - - - - - - - S9L 9781 — — — - 500 €S — e yse 4]y ‘pues Juawa) sutwrepiy - (9€)
oY 0 ‘S'E
‘0€‘CTOTSTOL
‘6'0 ‘8°0 L0 90 ‘S0
[sor]  — — — - - - - — - — —  SI€T — — 9661 - T I pues — (s€)
ur v urw/_
[Fo1]  1¥'81 (43 - - 8,9 888 06'¢ 8.1 £881 Y681 [ [ \.m m.wm ¥8ee 07Ty 88'8C %0¥ “%0€ ‘%0T Aep pues Lipunog Lad (v€)
86 /BsT
[eo1] - — — - — — — — — — - 0 — 986 11 — %SE ‘“%ST ‘%ST ‘%S [e0>-0ULISY) ‘pUBS-]N desonsed  (gg)
%00T ‘%06 ‘%08 .
— j— j— — — —_ —_ o - — ¥ — X " —_ snpmes ‘pue
[zo1] S90L  TTEVT 0 S01T £69T 6899 00L %09 %08 U0 Isnpmes ‘pueg 4dd1 (z€)
urur urur
: ‘ urwy/_w
[to1] - - - - €0y 096 80°¢ ¥8L1 £881 681 /. [ \w m\.wm 88'8C  Lg 8 %0¥ “%0€ ‘%0T pues IoATy Liad (1€)
86 /8st
. _ . _ . SOTUIRID IddH
[oor]  — — — - - - — — — — 8y 11 €9 8l %0T ‘%S T —— ‘144 4d (0¢)
sonserd
[66] - — — - - - — — — — ST P8¢ ST g€ 9€6 Lol PITEITTITTT apmod sse(d ‘pues-W Ie “Ldd (60)
10§ 3dooxg
urur urun
: : uruu/_ux
[86] - - - - 8,9 888  06°€ ¥8L1 £881 7681 P m\m ¢ V8EE 0UTH  8§8C %0V ‘%0€ ‘%0T [1os Aep ‘pues L1punog Ldd (82)
86 /BsT
[26] — — — — [ S 4 — - — — - - - Lee s - $3[110q T ‘$9[N0q 6 pues quawe) 14d (£0)
[96] - - - - - - - - - - - - - €6'0L <091 ¥e6l 8009 w7 9snp MWSE Juawan) - (99)
JUIJUOD  JUIIUOD  JUIIUOD  JUIIUOD o1U0o JUIU0D JUU0d JUU0D e1U0o JUU0D
onse[d  onseid  opseld  onserd uuzwm q onse[d  juduod onserd onsed  judyuod onserd  onserd uuzmm q onserd
m moyim m moyIm H_ZA 5 MEm moym m spdureg oM m d[dures  Jnoym U:SA 5 MEm moym
oy odwres oidwreg opdures  ordureg i sjawes sidureg odureg spdureg i sjawes oidwes (%) 1usyuod dnse[d SAUINJXTWPY adfyonselg  ou'g
Crw/m)
(BdN)
(%) £1so10g EWWUHMMEFOU (edN) yiSuams aIsud [, A«.E\mvc Aysua(g (%) uondiosqe 1a1e A\ s sarssoxdwop)

‘ponunuo)) 7 414V ],



Advances in Polymer Technology

16

[AXANt
[8€T] - - 1£100°0 - - - - - - - - - - - - - TILT:T1:C [oaeid ‘puesg - (09)
TTTITT:C
o _ - o o - o o o _ o - o . ysn
[L€1] 0 € S 805, 8 0s 5035 pues 19AL 108 PoA Lad (69)
. . _ _ _ _ _ _ _ _ _ _ _ _ %0T .
loc1]  — - 97’0 870 QST UL s %l e Lad 4ddH  (89)
[z21] - - - - - - - - - - - - - VIT0 61 - %08 “%0L ‘%09 1opmod g d4ddT (029]
N3]
[oz1] - - - - - - - - - - 091 08’1 (4Nt 9's €11 '8 %8 ‘%9 %V ‘%T ‘Use wo3j0q ‘pues IaysnId onserd widny - (95)
cwmnsd48 owr quswa))
[se] — - - - - - — — — — vse  S6v 01 vooSL ve Sc.T1 12)eM PUES JUIWID]) sapoq dnseld  (SS)
I9)eM “UOTIN(OS
[per] - - - - - - - - - 99°¢ (4% 9Ty €¥'1e 01°C¢ L'Ly %01 aurpey[e ‘opmod djsem puq dddH (¥S)
Aep ‘dS Vo VO UIoRNERN
[ezr] - - - - - 86°0 6L°T - 0€91 £€¥61 - 1Ts ST6 - wy 86 %0T JUSWD ‘puesg d4ddT (€9)
Jaded
[czT] - - - - - - - 95T L9891 - S8TT 6051 - ey 896G — %6E “%VE “W6T Sa[110q 518 ‘UL JATY — (z9)
[ter] - - - - 0L s S'S (443} 9L¢1 9LeT (44t ST 91 19C 0% S1'9 %S %V ‘%E ‘%T ‘%1l 9J11238[ ‘Sse[D) sudddordAjog (1)
230 ‘staddeim
s3eq 1o7eM
[ozt]  zTel §Se'Ge - - - - - 687901 ¥9CL0T  STLSOL 0S°0 LT 6% 96’ €S8 L£09 8 86T ‘69’1 jsnq Arrenb ‘pues quaura) ﬁﬁuMm s3eq (05)
suaph[og
[611] - - - - - - - - - - - - - 6¥'C  LEE - %0¥ ‘“%ST 13qy poom paddoy) Ldd (6%)
_ _ _ _ _ _ _ _ _ . . o . . . e i) 0rca o uwaurmyiq ‘wnsd4S
[811] 90 e 89 8 ST %SL “%0L “%S9 ‘%09 <aysem Arrenb ouore| Ldd (8%)
JUIIUOD  JUIIUOD  JUIIUOD  JUIIUOD o1U0o JUU0D JUU0D JUIU0D o1U0o JUU0D
onsed  onseqd  omsed  onserd uuzwa_ q onserd Juajuod onserd onseid  juoyuod onpserd  onserd uuzwa_ q onserd
m moyim ynm moym 5_3. srdureg moyIm m dpdureg mnoyIm i apdureg moym 5_3. ardureg moym
oy opdwreg  oidwreg  ojdwreg  opdureg srdureg ordureg ordureg spdureg (%) Juayuod dnse[d SIMIXTWPY adfyonseyg  ou'g
Orw/m) (edN)
(%) £y1so1og EWMMMMMOQ (edN) yiSuams aisua (cw/3Y) Lusuaq (%) uondiosqe 1a1e A\ pSuens sassaxdwo

"panunuo) 7 AI4V],



Advances in Polymer Technology 17
TaBLE 3: Plastic type, global consumption, and moisture, carbon, volatile, and ash contents in different plastics.

Type of polymers for plastic ~Moisture (Wt %) Carbon (Wt %) Volatile (Wt %) Ash (Wt %) Global consumption (%)  Ref.

PET 0.46 0.77 91.75 0.02 5.5 [141]
PET 0.00 13.17 86.83 0.00 [142]
PE 0.10 0.04 98.87 0.99 33.5 [143]
HDPE 0.00 0.01 99.81 0.18 [144]
HDPE 0.00 0.03 98.57 1.40 [142]
LDPE 0.30 0.00 99.70 0.00 [145]
LDPE — — 99.60 0.40 [146]
PVC 0.00 6.30 93.70 0.00 16.5 [147]
PVC 0.00 5.18 94.82 0.00 [142]
PP 0.15 1.22 95.08 3.55 19.5 [143]
PP 0.18 0.16 97.85 1.81 [142]
PS 0.25 0.12 99.63 0.00 8.5 [148]
PS 0.30 0.20 99.50 0.00 [145]
PA, ABS, nylons PBT 0.00 1.12 97.88 1.00 3.5 [149]
PA, ABS, nylons PBT 0.00 0.69 99.31 0.00 [149]
PA, ABS, nylons PBT 0.00 2.88 97.12 0.00 [142]

Ideal properties of brick

Less water absorption

High compressive strength
Sound absorbing properties Optimum tensile strength Less density
Resist to local temperature Desired porosity

Less harm towards environment

Compatibility with mortar

Cost effective
Resilience against earthquake Exotic possible shapes Used for many purpose

FI1GURE 14: Ideal properties of bricks.
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F1GURE 15: Comparison of the disadvantages of convention bricks over the outcome of the project.
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‘ Plastic are highly sensitive to the heat.

Plastic brick can sustain local temperature and
environmental conditions .

Is it durable against UV rays that cause plastic
degradation

What are the applications of these plastic bricks?

Plastic brick should be cost effect.

Type of binder having ability to bind the desired
materials.

Challenge toward the selection of suitable plastic, use
of single-use plastic, and non-recycling plastic waste.

FiGure 16: Challenges to the plastic bricks.

per resin is estimated as shown in Figure 13. Table 2 repre-
sents the comparative study of the physical characteristics of
the plastic-containing bricks from the past research of the
published work. The table contains the characteristics and
properties of the brick such as compressive strength, water
absorption, density, tensile strength, thermal conductivity,
and porosity. All the properties are described with the help
of several aspects such as the plastic type, plastic category,
admixtures, and plastic content in the brick. This also helps
to investigate the effect of variation in plastic content and
type (resin) on the strength of the bricks. The review pro-
posed the comparison of the properties of plastic brick with
nonplastic brick from different research in the past. Proper-
ties are compared on the basis of their maximum and mini-
mum values for the plastic content brick with the properties
of control or reference brick (zero plastic waste brick).

Table 3 displays the many types of polymers, labeled
according to the types of plastics, as well as the relative con-
tributions of each type of plastic with different contents of
moisture, carbon, volatile material, and ash into it and over-
all global contribution. There is also data for thermosetting
plastic. All of the information was compiled from many
published sources. These can effectively aid in a deeper
understanding of plastic. Based on the literature review, the
ideal properties of the bricks are shown in Figure 14. The
outcome of the project over the disadvantages of the conven-
tional brick is shown in Figure 15. Some of the challenges
with plastic bricks are discussed in Figure 16. Research from
MIT suggests that irradiated recycled plastic waste with con-
crete additives improves chemomechanical properties as
well as lower the footprint of carbon [139, 140].

4. Conclusion and Future Work

The demand for plastics increases rapidly due to the wide
increment in the population every year. These plastics are

Advances in Polymer Technology

petroleum-based products on which the current world is
fully dependent. Most packaging plastics are single-use and
are nonrecyclable. Waste plastics affect serious environmen-
tal, ecological, economical, and health-related issues. These
plastics are often in landfills, thrown in water bodies, or
burned. Somehow, modern recycling techniques are not effi-
cient to treat the plastic threat, as it is a problem not only in
developing countries but also in developed countries. Plastic
can pollute remote areas with no population.

The increasing population demands a large production
of bricks and construction materials. Conventional bricks
required high flame processing with a large quantity of fuel.
The process emits a large quantity of carbon footprint. Some
countries face a lack of natural resources to develop conven-
tional bricks. Somewhere, resources to kiln bricks are costly,
and the government of some regions also prohibits clay pro-
cessing for the bricks. In such areas, plastic bricks can be an
alternative solution. A plastic brick can reduce plastic waste
and causes effective management of the plastic recycling sys-
tem. Some studies show that waste plastics can be used as
construction material for development. The plastic brick
has an efficient effect on the nation’s development activities
with ecological, environmental, economic, and health con-
siderations. Due to this high rate of production, it was
decided to explore and carefully consider whether using
waste plastic as an option to make bricks would be feasible.
Due to this high rate of production, it was decided to explore
and carefully consider whether using waste plastic as an
option to make bricks would be feasible. It is necessary to
evaluate the effects of adding plastic waste to the construc-
tion material from the viewpoints of physical properties
and compressive strength. Studies on using plastic waste as
a substitute material in the construction industry have grad-
ually increased over the past years.

Many researchers are putting their efforts into the recy-
cling of plastics by brick processing, but somehow, some
gap is found in the wide production and further develop-
ment. After so much research, the production and support
of plastic bricks are still quiet. That needs to be further
investigated. Most of the research is investigated with PET
waste plastics contributing very little to overall plastic pro-
duction. Studies should be required with others plastics for
efficient processing. There is a large gap in the testing of
characteristics of plastic bricks that is somehow missing in
past research. Some gaps are found in the study on the effect
of environmental factors on the properties and strength of
plastic bricks. The microstructural investigation is still lim-
ited, while thermal conductivity is also discussed in the lim-
ited research work.

Nomenclature

PET:  Polyethylene terephthalates
PE: Polyethylene

HDPE: High-density polyethylene
LDPE: Low-density polyethylene
PS: Polystyrene

PVC: Polyvinyl chloride

PP: Polypropylene.
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