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Abstract: Plastic is being used increasingly in daily life. Most of it is not recyclable, and the remaining
plastic cannot be used or decomposed. This causes increased plastic waste, contributing to global
warming due to thermal recycling. The major objective of this research was to utilise the maximum
plastic waste possible to manufacture bricks that compete with the properties of conventional bricks
without affecting the environment and the ecological balance. A balanced mixture of high-density
polyethylene (HDPE), quartz sand, and some additive materials, such as bitumen, was used to
produce these bricks. Various tests were performed to assess the bricks” quality, such as compression,
water absorption, and efflorescence tests. These bricks had a compression strength of 37.5 MPa, which
is exceptionally strong compared to conventional bricks. The efflorescence and water absorption tests
showed that the bricks were nearly devoid of alkalis and absorbed almost no water. The obtained
bricks were light in weight and cost-effective compared to conventional bricks.

Keywords: HDPE; quartz sand; bitumen; compression testing; water absorption test; efflorescence
test

1. Introduction

Plastic, a synthetic material made from various organic compounds with a high
molecular mass, was first introduced in 1907 by Leo Baekeland [1]. Since then, it has
changed numerous industries. During World War 1II, there was rapid growth in the plastic
industry, as manufacturers could use plastic to replace products previously manufactured
using natural resources. The best example was nylon, which replaced silk and was used
for parachutes, helmets, and body armour; another was plexiglass, used as a substitute for
glass in aircraft [2].

Over time, plastics replaced the use of traditional materials. It has become one of
the essential materials in day-to-day life. Properties such as high strength, corrosion
resistance, easily mouldability, waterproofness, and its ductile nature make it fit a wide
range of applications. It is used in almost every sector, such as in electrical and electronic
applications, packaging, logistics, and industrial machinery. More than 50% of plastic was
produced after the year 2000. Most plastic is used for packaging [3].

Its production involves the polymerisation or polycondensation of natural materials,
such as cellulose, coal, natural gas, salt, crude oil, minerals, and plants. It can be moulded
into various shapes, sizes, and forms. It also possesses remarkable properties, such as light-
ness, durability, flexibility, and affordability, and is thus a popular choice over traditional
materials, such as wood, natural fibres, rubber, and paper [4].

Despite having advantages, such as cheaper cost and ease of production, it affects the
environment if not utilised properly. According to EEA, plastics have many other effects,
including contributions to climatic change, and the report says that there is no control
over the production and consumption of plastics [5]. There is a great need to develop
a circular trend by inventing various recycling techniques. However, according to the
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Ellen MacArthur Foundation, only 14% of the plastic produced is recycled [6]. Every year,
countries worldwide discard millions of tons of plastic waste. Less than 20% of waste
plastic is recycled to make new plastics, while the remaining plastics are either disposed of
in landfills or burnt or dumped [7]. The only way to minimise its impact is to stop using
it; however, in the modern world, this is impossible due to excessive reliance on plastic
items. Thus, one of the valuable solutions is to convert the available waste plastic into raw
material for various new plastic goods, speeding up the recycling process.

Technically, all polymers are recyclable and can be used once or more to create an
identical product [8]. However, it must be carried out in controlled conditions and requires
high-end machinery and technology. This is not a feasible solution, because it harms
the environment and makes industries unprofitable. Therefore, it is best to sort waste
plastic according to its categorisation and qualities to extract recyclable plastic and use
it to produce plastic products in the future. Because of the process-induced breakdown
of the polymer chain, the properties of such recycled materials may differ from those of
the original. These properties can be regained by adding the appropriate additives and
strength-enhancing materials [9].

Researchers conducted experiments to investigate the optimal combination of raw
materials, plastic, and sand to achieve maximum brick strength. These experiments in-
volved varying proportions of the raw materials. One specific experiment conducted by
Wahid et al. [10] utilised a mixture of sand, sand dust, and cement in a ratio of [9:9:4].
The mixture was then mixed with plastic waste in weights of 0%, 5%, 10%, and 15%. The
highest compression strength observed was 12.4 N/mm? when 0% plastic was used, and
the strength decreased as the percentage of plastic increased. The reduction in strength was
attributed to poor adhesion between the plastic waste and cement. Additionally, a longer
curing time was required due to the significant volume of cement and sand. These findings
suggest that plastic waste in brick production may not necessarily improve the strength of
bricks, and further research is needed to optimise the proportions of the raw materials and
curing process.

In an extension of the research of Wahid et al. [10], another researcher, Agyeman
et al. [11], mixed plastic: quarry dust: sand ratios of 1:1:2 and 2:1:2 by weight. The resulting
samples were then cured for seven days by being sprinkled with water. The bricks produced
from these mixtures were tested for their compressive strengths and water absorption rates.
It was found that the bricks produced from the 1:1:2 mixture had a compressive strength of
6.07 N/mm? and a water absorption rate of 4.9%, while the bricks produced from the 2:1:2
mixture had a higher compressive strength of 8.53 N/mm? and a lower water absorption
rate of 0.5%.

As per Circular Action Hub (CAH) [12], mixing recyclable plastics with sawdust, con-
crete, mud, or sand can replace conventional building materials. High-density polyethylene
is one of those recyclable plastics. Typically, HDPE produces storage containers for milk,
shampoo, oil, and chemicals. It is comparatively more stable and emits fewer hazardous
gases, and is thus acceptable for recycling under certain controlled circumstances. Globally,
about 40 million tonnes of HDPE waste are generated [13].

High mechanical strength, transparency, non-toxicity, no effect on taste, and perme-
ability that may be disregarded for carbon dioxide are all characteristics of HDPE plastic. In
addition to being transparent, processable, colourable, and thermally stable, HDPE plastic
is chemically resistant, tensile, and impact-resistant [14].

The polyethylene grade with the most stiffness and least flexibility is HDPE. It works
well for various uses, such as garbage cans and everyday home items, including miniature
bottles and clothespins. This non-toxic, lightweight material can replace less eco-friendly
materials because it is readily recyclable [15].

An analysis conducted by Sahani et al. [16] found that recycling plastic waste in
manufacturing bricks and tiles is an effective way to reduce waste. The study suggested
that when plastic and sand are combined in the proper ratio, the resulting bricks have a
higher compression strength than traditional clay bricks. The highest compression strength
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was achieved with a plastic-to-sand ratio of 1:4, valued at 12.28 N/ mm?2. However, as the
amount of plastic in the mixture decreased, the compression strength also decreased.

The research of Kulkarni et al. [17] shows that HDPE plastics have a higher compres-
sion strength of 14.6% than conventional bricks, with a brick wall’s ultimate load-carrying
capacity being 197.5 KN. This means they can be used to build structures supporting higher
loads. According to Maneeth et al. [18], bitumen acts as a binder and enhances the strength
of the bricks because of its stability and density. However, as the bitumen percentage
increases, the compression strength declines from 10 N/mm? to 2.04 N/mm?, with the
ideal bitumen percentage being 2%. According to Benny T.K. et al. [19], bitumen-added
bricks have a hydrophobic property that prevents water from infiltrating them. They also
have a higher compression strength than standard bricks, with a compression loading of
120 KN. In this way, large amounts of waste can be used without affecting the environment
and reducing the cost of construction.

This publication aims to manufacture plastic sand bricks using bitumen and find the
optimum percentages of plastic and sand for producing bricks with higher compression
strength and a lower water absorption rate than conventional bricks.

2. Materials and Methods
2.1. Materials Used
2.1.1. HDPE Plastics

High-density polyethylene (HDPE) is usually derived from petroleum. HDPE is a low-
cost thermoplastic material that performs well for low- and medium-technical applications.
It is used to produce various products, such as pipelines, milk jars, cutting boards, and
plastic bottles. HDPE does not crack under stress due to its very ductile behaviour. Table 1
shows the properties of HDPE.

Table 1. Properties of HDPE [20].

Property Units HDPE
Yield stress MPa 18
Youngs modulus MPa 960-1000
Density Kg/m3 941-967
Melting point °C 130-133
Coefficient of thermal elongation % 20-100
Impact resistance J/m 27-160
2.1.2. Sand

High-quality, naturally occurring quartz stone that has been carefully chosen and finely
processed is used to make the high-purity quartz sand (5i0, > 99.5-99.9%, Fe; O3 < 0.001%).
High-purity quartz sand produces glass, refractories, ferrosilicon flux, ceramics, grinding
materials, and casting-moulding quartz sand. It has significant anti-acid medium-erosion
properties for making concrete that is resistant to acid [21].

The particle size range of 0.1-0.3 mm was selected for the experiment. Quartz sand
chemically resistant, and because it has a higher melting temperature than metals, it is used
as a foundry sand and can be used for manufacturing bricks. Table 2 shows the properties
of quartz sand. Quartz sand was purchased from OBI Markt, Kaiserslautern, Germany.

Table 2. Properties of quartz sand [22].

Property Units Value
Specific gravity - 2.45
Water absorption % 1.9

Fineness modulus - 2.2
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2.1.3. Bitumen

Bitumen is mainly used for construction because of its higher binding characteristics;
it is less costly compared to other binding materials. Bituminous materials have adhesive
properties, are soluble in carbon disulphide, and are mostly made of high-molecular-weight
hydrocarbons produced by distilling petroleum or asphalt [23]. Bitumen is also known for
its binding properties. In this experiment, different percentages of bitumen (1%, 2%, and
3%) were considered. Table 3 shows the properties of bitumen. Bitumen was purchased
from BAUHAUS, Ludwigshafen, Germany.

Table 3. Properties of bitumen [24].

Property Units Value
Specific gravity - 224

Softening point °C 35-70
Ductility m 0.0264

2.2. Methodology
2.2.1. Mould Design

A rectangular aluminium mould with (230 x 120 x 150) mm dimensions was man-
ufactured. There were four side plates, a base plate, and a top plate on the brick mould.
Figure 1 illustrates the cutting of four plates with a thickness of 10 mm and dimensions of
230 mm X 150 mm. Since it was positioned on a flat surface, the base plate’s thickness was
reduced to 5 mm, significantly reducing the possibility of deflection. In order to make it
simple to apply pressure to the molten mixture and facilitate the easy removal of the brick,
the top plate was fastened with a knob-shaped component. An Allen key of 8 mm was
used to assemble the plates after they were drilled with 8 mm holes.

150

155

SECTION A-A

T

Figure 1. Mould design.
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2.2.2. Plastics Collection

Initially, used HDPE containers/bottles were collected and cleaned with warm water.
Next, the HDPE waste was dried to enable further processing without any moisture
content. These plastics were then broken down into smaller pieces using a shredding
machine containing a series of rotating blades that cut the plastic containers/bottles into
small pieces. The sizes of these pieces ranges from 1 mm to 5 mm. To produce the desired
brick, these plastics were then melted with sand.

2.2.3. Quartz Sand and Bitumen

A small quantity of bitumen was added as a binding agent to increase the strength
of the brick, induce better bonding of granules and cover any voids. Different amounts
of bitumen were added to the sample to determine the maximum strength (0%, 1%, 2%,
and 3%). The mixing ratios of plastic and sand were varied (3:1, 3:2, 1:1, 2:3, and 1:3). The
mixture was then heated using a kneader to firmly bond the plastic and sand.

2.2.4. Shredding and Mixing

The mixture was heated in the kneader until the plastic melted and firmly bonded
with the sand. The kneader was operated at a temperature of 180 °C and a rotational speed
of 40 rpm. The resulting lump immediately solidified and hardened, making melting in
a hot press difficult. These lumps were subsequently granulated into tiny particles using
a grinder. The mixture was then poured into a mould of the appropriate size and set in
the hot press. It was left for about an hour at a temperature of 300 °C, which was higher
than the melting point of the plastic. As the plastic granules began to melt, pressure was
applied (about 15 bar) to the top plate of the brick to obtain the desired shape and thickness.
The specimens were subjected to a compressed force of 1 kN to make the material more
compact and reduce the number of voids. The pressure was applied during the cooling
down of the press tool to ambient temperature. As a result of the rapid cooling, the bending
of the brick could be observed after demoulding.

2.3. Test Equipment and Test Parameters
2.3.1. Compression Tests

The compression strength of the plastic bricks was tested using the DIN EN ISO 604.
Twenty bricks were tested in total. Because of their ductile nature, the bricks were cut
into 10 mm x 10 mm X 10 mm pieces and tested on a compression machine. The load
was applied until the brick broke or showed deformation. The test was performed on
a Universal Testing Machine with a maximum force of 100 kN at a speed of 1 mm/min.
The ultimate stress at which the brick deformed or broke was noted, and the compressive
strength was calculated using the formula shown in Equation (1).

P
Compression strength = A (1)

with
P as the maximum load [kN] and
A representing the area of the specimen [mm?].

2.3.2. Water Absorption Tests

The test was used to determine the amount of water absorbed by the brick. The quality
of the brick was determined by its water absorption rate, with a lower water absorption
rate considered the best. The bricks were heated to remove any moisture content. The
weight of the dry brick was noted as W;. The brick was then fully immersed in water
and undisturbed for 24 h. After 24 h, the brick was removed from the water and gently
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wiped with a cloth. The weight of the wet brick was noted as W». The percentage of water
absorbed was calculated using the formula shown in Equation (2).

W-W, 100% , ()

Water absorption =
p W,

with
W being the weight of the dry brick [kg]
W being the weight of the wet brick [kg]

2.3.3. Efflorescence Test

The test was used to determine the presence of hazardous alkalis in bricks. A circular
vessel was used, and enough water was added for testing. The immersion depth was
25 mm. The bricks were then soaked in distilled water for 24 h. After 24 h, the bricks were
removed from the vessel and dried for the same period. A high-quality brick should not
possess any alkalis on the bricks and should be free of soluble salts. If alkalis were present
on the bricks, efflorescence might occur, resulting in a layer forming. Table 4 shows the
percentage of alkali presence.

Table 4. Percentage of alkali presence after efflorescence test.

Efflorescence Test Extent of Deposits

Nil 0%

Low <10%

Medium 10% to 50%

Heavy More than 50% without powdered flakes
Serious More than 50% with powdered flakes

2.3.4. Test to Determine the Relative Rise in Temperature

The test aimed to determine how much the temperature would increase on one side of
a brick when the other side was in direct contact with a heat source. A simple setup was
created, with the brick as a dividing wall. An electric induction plate was used and heated
to a temperature of 410 °C. One side of the brick was placed next to the plate, while the
other was exposed to room temperature. The brick was heated for three minutes, resulting
in an increase in the temperature. After three minutes, the temperature on both sides of the
brick was measured, and the relative rise in temperature was calculated.

3. Results
3.1. Compression Test

The test was carried out at a speed of 1 mm/min using a Universal Testing Machine
(UTM). A total of five brick samples were taken, consisting of 20 bricks in total. The
following results were obtained. The stress values were recorded when the strain value
was 0.2, which is acceptable in most applications.

3.1.1. Brick Sample 1 (Plastic:Sand—3:1)

Figure 2a shows that the bricks with more plastic (i.e., a plastic-to-sand ratio of 3:1) had
higher compression strengths. When 0% bitumen was added, the strength of the brick was
22.08 MPa; when bitumen was added, the values varied between 26.6 MPa and 33.46 MPa,
with 2% (9 g bitumen) being the optimal amount; and as bitumen was removed, the value
fell to 31.8 MPa. The highest strength was attained at an optimal bitumen percentage of 2%
(i.e., 9 g bitumen).
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Figure 2. Results of brick sample 1. (a) Compression strength values of brick plastic to sand 3:1.

(b) Stress-strain curve with 0 g bitumen. (c) Stress-strain curve with 4.5 g bitumen. (d) Stress-strain

curve with 9 g bitumen. (e) Stress-strain curve with 13.5 g bitumen.

3.1.2. Brick Sample 2 (Plastic:Sand—3:2)

The bricks with a plastic-to-sand ratio of 3:2 produced the best results among all other
bricks, with each brick having a compression strength that was almost higher than that of
other bricks, as seen in Figure 3a. The value of the compression strength was 22.7 MPa if no
bitumen was applied, and it grew further when bitumen was deposited, rising to 28.7 MPa
and reaching a maximum of 37.5 MPa, before decreasing to 33.9 MPa as additional bitumen

was added, with the optimum being 2% (i.e., 9 g bitumen).



J. Compos. Sci. 2023, 7,111 8 of 17
Plastic : sand 3:2
40
37.5 33.9
35
28.7
30
& 25 22.7
=3
2 20
Q
g 15
10
5
0
0 4.5 9 13.5
Bitumen [g]
(a)
40 60
50
30 —_
- 3 40
g s
2 20 v 30
& 10 10
0 0
0.1 01 02 03 04 05 0.2 0.2 0.4 0.6
Strain Strain
(b) (0)
80 60
50
60 —
© e 40
a o
2,40 2 30
&20 520
10
0 )
0.2 0.4 06 0.1 0.1 0.2 0.3 0.4
Strain Strain
(d) (e)

Figure 3. Results of brick sample 2. (a) Compression strength values of brick plastic to sand
3:2. (b) Stress-strain curve with 0 g bitumen. (c) Stress-strain curve with 4.5 g bitumen. (d) Stress-
strain curve with 9 g bitumen. (e) Stress-strain curve with 13.5 g bitumen.

3.1.3. Brick Sample 3 (Plastic:Sand—1:1)

The bricks with the same percentage of plastics and sand showed average results
compared to those with more plastics. Figure 4a indicates that the brick without bitumen
had a compression strength of 19.39 MPa. Adding bitumen by 4.5 g and 9 g increased
the value to 24.28 MPa and 29.18 MPa. The strength again dropped to 27.82 MPa as the
bitumen content was increased to 13.5 g.
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Figure 4. Results of brick sample 3. (a) Compression strength values of brick plastic to sand 1:1.
(b) Stress-strain curve with 0 g bitumen. (c) Stress-strain curve with 4.5 g bitumen. (d) Stress-strain

curve with 9 g bitumen. (e) Stress-strain curve with 13.5 g bitumen.

3.1.4. Brick Sample 4 (Plastic:Sand—2:3)

From Figure 5a, the results of the bricks with a lower plastic percentage (i.e., plastic:
sand—2:3) showed less strength compared to the bricks with an equal plastic-sand ratio
and the bricks with more plastic, with the highest strength being 26.49 MPa for 9 g bitumen
and decreased to 25.6 MPa when the bitumen was increased again to 13.5 g.
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Figure 5. Results of brick sample 4. (a) Compression strength values of brick plastic-to-sand 2:3.
(b) Stress-strain curve with 0 g bitumen. (c) Stress-strain curve with 4.5 g bitumen. (d) Stress-strain
curve with 9 g bitumen. (e) Stress-strain curve with 13.5 g bitumen.

3.1.5. Brick Sample 5 (Plastic: Sand—1:3)

Out of all the bricks, the bricks with the lowest percentage of plastic (i.e., 25%) exhibited
very low compression strength even when bitumen was added, which had a strength of
25.36 MPa for 9 g bitumen and the lowest being 16.8 MPa with no bitumen, as seen in
Figure 6a. Even in this case, the strength declined as bitumen content increased.
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Figure 6. Results of brick sample 5. (a) Compression strength values of brick plastic-to-sand 1:3.
(b) Stress-strain curve with 0 g bitumen. (c) Stress-strain curve with 4.5 g bitumen. (d) Stress-strain
curve with 9 g bitumen. (e) Stress-strain curve with 13.5 g bitumen.

Compression strength was found to be greater in samples with 60 percent plastic,
so the mean stress of these samples was calculated. The bricks were initially tested for
compression, and five observations were recorded. The stress values were added and di-
vided by the number of observations to determine the mean stress. The standard deviation
was also calculated to understand the range and distribution of compression stress values.
Table 5 shows the mean value of compression stress. Figure 7 shows the standard deviation
values.

Table 5. Mean value of compression stress.

Plastic% Units 0 g Bitumen 4.5 g Bitumen 9 g Bitumen 13.5 g Bitumen

60 MPa 19.644 24772 30.48 28.284
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Figure 7. Standard deviation value of compression stress.

3.2. Water Absorption Test

The test was carried out by the weighing of all 20 bricks in their dry state. The weights
were measured, and the bricks were submerged in water for 24 h, as shown in Figure 8a.
The weights of all 20 bricks were noted after 24 h, as shown in Figure 8b. The water
absorption was calculated using Formula (2). It was evident from the graph that plastic
bricks had a lower water-absorption rate. Bricks with more plastics (i.e., a ratio of 3:1 plastic
to sand) tend to absorb less water than bricks with fewer plastics (i.e., a ratio of 1:3). When
the plastic content was higher in the bricks; there was less chance of water molecules filling
the voids in the plastic-sand mixture. All plastic bricks had an overall water absorption
rate of less than 1%. Figure 9 shows the water absorption rate on different composition of
plastic bricks.

(a) (b)

Figure 8. Performing the water absorption test. (a) Bricks immersed in water. (b) Weight check after
24 h.
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Figure 9. Water absorption rate on different composition of plastic bricks.

3.3. Efflorescence Test

The efflorescence test showed impressive results on plastic bricks with zero presence
of alkalis on almost all of the bricks. Bricks with a lower percentage of plastics had fewer
alkalis, whereas bricks with a higher percentage had no significant alkalis. For bricks made
of 1:3 plastic and sand, all of the bricks exhibited a small number of alkalis. However,
bricks made of 3:1 and 3:2 plastic showed excellent results, with no alkalis or other white
particles. Table 6 shows the severity of the alkali presence on the bricks.

Table 6. Efflorescence test on different composition of plastic bricks.

Bitumen
Plastic: Sand

Og 45g 9g 135g
3:1 Nil Nil Nil Nil
3:2 Nil Nil Nil Nil
1:1 Nil Nil Nil Nil
2:3 Slight Slight Nil Nil
1:3 Slight Slight Slight Slight

3.4. Test to Determine the Relative Rise in Temperature

This test was used to determine the relative rise in temperature by placing the bricks on
a heat source. The temperature differential between the two faces of the bricks with different
plastic compositions was depicted in the table. The temperature difference increased as
the amount of plastic increased, indicating that heat conduction decreased. This was a
result of plastics having a lower heat conductivity than sand. The study involved testing
samples that did not contain bitumen to measure the temperature that rose on one side of
the brick when the other side was exposed to heat. This test aimed to evaluate the thermal
conductivity of the brick material. The bitumen in plastic sand bricks can make them soft
and malleable at elevated temperatures. However, this was not a factor in this test, since
the samples being tested did not contain bitumen. Additionally, the bitumen used in these
plastic sand bricks was typically relatively small (i.e., 1%, 2%, 3%) and did not significantly
contribute to temperature rise. The test was conducted over a relatively short period (i.e.,
3 min). As a result, the temperature difference observed between the various samples
was comparatively small. If the testing time is prolonged, the brick will eventually melt,
leading to an uneven surface area at the source. This can result in inaccurate temperature
measurements on the other side of the brick.
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4. Discussion

The idea of using HDPE bricks instead of standard bricks was to turn waste plastic
into a usable product. Using a novel manufacturing process, the primary goal of the study
was to determine the ideal plastic-to-sand ratio. Brick samples can be prepared by varying
the proportion of plastic in the mixture. The proportions considered were 75%, 60%, 50%,
40%, and 25% by weight. In samples where 75% plastic was used, bitumen was added in
proportions of 1%, 2%, and 3% by weight. It was observed that the compression stress of
the bricks increased gradually as the amount of bitumen was increased until it reached
a maximum stress of 33.46 MPa. However, if the amount of bitumen added exceeded
2%, the bricks became softer. This can be observed in Figure 2a, where the stress value is
decreased to 31.8 MPa. Due to its good adhesive property, bitumen was used to increase
the strength of the bricks, even though the plastic in the mixture was sufficient to bind the
sand. However, excessive amounts of bitumen had a negative impact on the quality of the
bricks.

It was observed that the strength of bricks could be improved by varying the propor-
tion of plastic used in the mixture. Specifically, when the amount of plastic was reduced by
15%, the stress values increased from 21.2 MPa to 22.6 MPa. The stress values decreased
to 16.25 MPa when the amount of plastic was further reduced to 25%. Moreover, when 9
g of bitumen was added to a sample containing 60% plastic, the stress values reached a
maximum of 37.5 MPa.

The increase in stress values with a reduction in the amount of plastic or the addition
of bitumen was likely due to the changes in the physical properties of the brick. With a
reduction in the amount of plastic or adding bitumen, the interlocking of the sand particles
can be improved, leading to increased strength and stress values. However, adding too
much bitumen may have adverse effects, as it can make the bricks softer and weaker. The
mixture of 60% plastic and 9 g bitumen in sand produced the strongest results. The average
stress of all the samples was found to be 25 MPa, and it was noted that the majority of
stress readings deviated by an average of 2.54 MPa from the average stress. In order to find
the average compression stress, a set of five observations of compression stress values were
taken and mean stress was calculated. Additionally, the standard deviation was calculated
to find the spread or variation in the compression values. This helped in the assessment of
risk and of how much the stress values differed from the mean stress.

Bricks should absorb the least amount of water possible. As seen in Figure 9, the
water absorption test demonstrated that no bricks absorbed more water than 1% after
being soaked for 24 h. This is especially helpful in the construction sector, because when
bricks absorb more water, damage to the building arose. This test is also valuable in areas
where water leakage is a primary concern. The bricks with the highest water absorption
percentage were 0.9%. The decrease in plastic content in bricks increased their water
absorption rate, with most bricks having a water absorption rate of around 0.2%. However,
as plastic content decreased, the water absorption rate increased, potentially reaching a
rate of 0.9%. The permissible range was 1% to 2%, while zero was the best value for a brick.
The 0.9% water content was caused by the tiny gaps between the granules and the quick
cooling of the bricks in the hot press.

The efflorescence test (Table 6) demonstrated that there were no soluble salts or alkalis
present on the bricks with higher plastic-sand ratio (i.e., 3:1, 3:2, and 1:1), but the bricks
with less plastic (i.e., 2:3) showed a slight alkali presence. When bitumen percentage
increased, the alkalis were reduced, and for the ratio of 1:3, all bricks showed alkalis,
which demonstrated that with more plastics, the presence of alkalis decreased. The relative
temperature rise shown in Table 7 demonstrated that the temperature difference was
greatest for bricks that contained the most plastic and bitumen. As a result, the temperature
transfer from one side of the brick to the other took longer, which could be advantageous
in a fire accident. The results showed that the initial temperatures of the bricks were all
around 19.2 °C. When the samples were placed on a heat source maintained at 400 °C, the
temperatures at the left and right faces of the bricks after 3 min ranged from 325 °C to
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338 °C and 42 °C to 62 °C, respectively. It was observed that the temperature difference
increased as the amount of plastic in the bricks increased, indicating that heat conduction
was decreasing.

Table 7. Temperature difference of different bricks.

Plastic % Initial Temperature After 3 min, Temperature  After 3 min, Temperature Temperature
[°Cl] at Left Face [°C] at Right Face [°C] Difference [°C]
75 19.2 325 42 283
60 19.2 328 48 280
50 19.2 327 51 276
40 19.2 330 56 274
25 19.2 338 62 276

As in Kulkarni’s [17] study, bitumen was added after the HDPE and quartz sand were
ground into granules. This caused the bitumen to be distributed equally, which strength-
ened bonds. It was discovered through several tests, including the efflorescence, water
absorption, and compression tests, that HDPE bricks performed better than conventional
bricks. The combination of high-density polyethylene, sand, and bitumen in this study in-
creased the strength of the brick. The bricks” compression strength gradually improved for
the plastic sand ratio, rising from 22.08 MPa with 0% bitumen to a peak of 33.46 Mpa with
2% bitumen and falling just short of 32 MPa for 3% bitumen. These results suggested that
bitumen aided in fusing sand and plastic, increasing the strength of the brick. During the
initial point of the compression test, no stress was observed, indicating that the specimen
may have been able to undergo further compression and that a more compact specimen
could be made with less thickness.

5. Conclusions

This research work inferred that recycling plastic waste for building projects was the
way of the future, as it would help reduce plastic waste and the price of bricks in the
construction industry. HDPE, quartz sand, and bitumen were used in this research work to
make bricks, and it was found that this combination led to an improvement in the strength
of the bricks while reducing their weight. Additionally, the cost of these bricks was almost
50% less than conventional bricks. The cost of one conventional brick is around 0.20 to
0.50 euros. However, the cost of one plastic sand brick is around 0.092 euros, including
the raw materials cost (i.e., for 1 kg of plastics, it costs 0.33 euros; for 1 kg of quartz sand,
it costs 0.248 euros; and for 2% bitumen by weight (9 g), it costs 0.057 euros). HDPE and
bitumen made the bricks more water-resistant by reducing their permeability, and quartz
sand improved the binding between the plastics due to its strong binding properties.

This research indicates that adding bitumen to bricks can significantly enhance their
tensile strength, with a maximum value of 37.5 MPa observed. However, it is important
to note that an increase in the proportion of bitumen led to a decrease in the strength of
the bricks. Therefore, it is recommended to use bitumen in moderation (i.e., around 9 g to
13.5 g) to achieve optimal results. Additionally, the combination of HDPE and quartz sand
ensured that the bricks were void-free and free of alkalis, making them a suitable choice for
the construction industry.

Overall, bricks with a bitumen content of 2% (i.e., 9 g of bitumen) and a plastic-sand
ratio of 3:2 showed better properties than other bricks. Every brick had a compression
strength that was better than typical clay bricks. For use in building, homes, and pallets,
bricks with a higher percentage of plastics were preferable to those with a lower percentage
of plastic (i.e., 2:3 and 1:3) since the bricks with fewer plastics possessed a significantly
lower compression strength and a higher presence of alkalis. Plastic bricks are the best
option for construction, parking chairs, and pathway pallets since they are very light, have a
good load bearing capacity, have less water absorption, are inexpensive, and can gradually
reduce plastic waste.
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Although this is a useful method for recycling used plastic, plastic has the potential
to emit greenhouse gases when used in excessively high temperatures. Conducting this
experiment in a vacuum is always advised so that the carbon atoms released during heating
cannot produce carbon dioxide and carbon monoxide, which affects the environment.

Further, this formula can be developed into high-strength tiles and hallow interlocking
bricks that could replace the current materials without compromising strength. It was also
found that the surfaces of the bricks were smoother. Hence, this process can be used to
manufacture parts that need surface lubrication to reduce friction.
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