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Abstract: In developing countries, plastic packaging waste and the proliferation of cement plants have become real
problems in terms of hygiene and public health. Common plastic packaging is produced by the petrochemical industry.
It is (lvory Coast) ,non-biodegradable and releases numerous toxic substances when heated or incinerated. In this
study, building blocks were produced by incorporating waste plastic packaging (low density polyethylene) as a rein-
forcement in fired clay bricks. The incorporation into the raw clay matrix was carried out in proportions of 0%, 1%,
2%, 3%, 4% and 5% of plastic, corresponding respectively to brick types Bep0, Bepl, Bep2, Bep3 and Bep4, BepS.
The Bep4 bricks showed optimal physical properties (water absorption rate, apparent porosity, density, and compressive
strength). The introduction of 4% plastic waste into the clay increased the compressive strength, decreased the water
absorption rate, and significantly reduced the apparent porosity. The influence of firing temperature (Tr), firing time (t)
and amount of mixing water (mwater) Was investigated on Bep0 and Bep4 bricks. The better plastic incorporation for the
operating parameters Tr= 200 °C, mwater = 20 g and t; =.6 h. The study shows that it is possible to have eco-efficient
brick production with low energy consumption.
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1. INTRODUCTION

In some African cities, such as Abidjan, the economic capital of Céte d'Ivoire, the various domestic and industrial
activities that take place daily led to a proliferation of waste on the streets (Jambeck et al. 2018), especially plastic
waste. This capital alone produces more than 288 tons of plastic waste every day, of which only 5% is recycled
(Koumi et al. 2021). This situation is due to the country's lack of advanced technology facilities and appropriate
rules and regulations on the production, use and management of plastic waste. Due to their high stability and
durability, most of these plastic wastes have limited natural degradation. They take between 100 and 1,000 years
to decompose (Nayanathara Thathsarani Pilapitiya and Ratnayake, 2024) . This chemical stability poses pollution

problems in receiving environments, impacting human and animal health(Emadian et al. 2017; Kanellopoulos et al.
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2021). In addition, strong urban demographic growth has also led to high demand for housing, and induced the
development of several cement works that supply cement for making bricks for housing. Unfortunately, the day-
to-day operation of these cement plants results in the release of numerous toxic substances liable to harm the
environment and human health(Subashi De Silva and Hansamali, 2019; Venkatarama Reddy and Jagadish, 2003).
Despite the presence of these cement plants, which are intended to facilitate access to housing, the housing crisis
is a reality (N’goran et al. 2020). The bricks have a long history as a building material, from the use of clay to the
incorporation of composite materials. Moulding may be followed by a bricks firing stage or also they may remain
unfiring (Jiménez-Garcia et al., 2023). Although raw clay bricks are environmentally friendly and recyclable, their
physico-chemical properties may sometimes be insufficient for certain applications. In such cases, to improve the
properties of the bricks, the manufacturing processes require them to be fired at very high temperatures or to use
composite materials in combination with clay (Rauniyar et al., 2024). Several studies have been carried out on
composite bricks made from clay and associated organic or inorganic materials. Among these studies, materials
such as glass powder waste (Khan et al., 2022), rice straw (Akinyemi et al., 2022), incineration bottom ash
(Adediran et al., 2024), tea waste (Hussien et al., 2024) and dolomite powder industrial waste (Kizinievi¢ et al.,
2023) have been used recently. Most of these results showed that the use of inorganic materials improved certain
mechanical properties but reduced compressive strength (Ebadi-Jamkhaneh et al., 2021). This could be explained
by a reduction in the vitreous phase content (Achik et al., 2020).

In the traditional process, the brick kiln is heated to 1000-1500 °C, where alumina, silica and iron are converted to
molten glass, which acts as a binder to ensure adhesion. It then takes several days to slowly cool the kiln and recover
the bricks (Murmu and Patel, 2018). Cote d'Ivoire has several clay deposits (Bakary Soro et al. 2023; Kouakou et
al. 2023) used in the manufacture of numerous ceramics (He et al. 2024) and in the construction of rural dwellings
in general. The poor quality of traditional bricks has led people to turn to materials from local or imported cement
works. However, these materials remain costly and even inaccessible to low-income populations. It is therefore
necessary to improve the quality of traditional bricks to produce sustainable materials that are both inexpensive and
environmentally friendly. Several studies have been carried out to improve the quality of fired clay bricks by adding
various reinforcements, such as non-biodegradable plastic waste, to help solve plastic waste management problems
(Dalkilig and Nabikoglu, 2017; Haque and Islam, 2021; Ikechukwu and Shabangu, 2021; Kulkarni et al. 2022;
Gounden et al. 2024). The aim of the present study is to contribute to a solution for recycling plastic bags from the
city of Abidjan, by incorporating them as reinforcement alongside clays in the manufacture of ecological bricks.
The aim is to design composite bricks with various proportions of incorporated plastics, and to assess their physical
and mechanical characteristics. In this way, local clay raw materials could be put to good use in the production of

widely used building materials.

2. MATERIALS AND METHODS

2.1. Dry material preparation
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Raw clay was collected from a clay pottery site (8°8'32.34" N and 5°6'21.38" W) in Katiola, a town located in
central Cote d'Ivoire 393.5 km from the economic capital Abidjan. After drying, the clay was ground, and the
resulting powder sieved on a sieve (Saulas, Paris, France) with an opening of 800 um. The sieved material was
stored in a jar and used as the base matrix for the ecological bricks. The plastic waste used as reinforcement is
black low-density polyethylene packaging. This type of plastic is a popular household packaging material, easy
to obtain due to its low cost and high capacity to hold a variety of household products. It is therefore one of the
most abundant types of plastic waste to be found on the streets of Abidjan. Polyethylene bag waste was collected
in residential areas, across the streets. The collected waste was thoroughly washed under running water, then
dried for 48 hours at room temperature. Multiple crumbling was performed using a blender-shredder to obtain
a fine plastic straw. Sieving on a sieve (Saulas, Paris, France) with an opening of 800 um produced a homoge-
neous straw, as variation in dry matter particle size can affect brick properties and the repeatability of results
(Kulkarni et al. 2019).
L= D" ~ -
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Fig. 1: Dry materials: a) clay matrix, b) plastic waste powder
2.2. Brick production

Each type of brick (Bcp0, Bepl, Bep2, Bep3 and Bep4, Bep5) was produced using a mass M = 75 g of dry
materials (mclay + mplastic) and a mass mwater of distilled water (wet material). For each brick of a given
type, the mixing of dry materials is carried out by determining the corresponding mass of plastics for a propor-
tion (0%, 1%, 2%, 3%, 4%, 5%) to always have a total mass of 75 g of dry materials.

Table 1: Composition of the dry mix

Plastic Plastic
Sample waste pow- Clay (g) waste pow-

der (%) der (g)
Bep0 0 75 0
Bepl 1 74.25 0.75
Bcep2 2 73.5 1.5
Bep3 3 72.75 2.25
Bcep4 4 72 3
BcepS 5 71.25 3.75

For each sample, the dry mixture is prepared by means of a glass rod and then mixed with the required amount
of water and kneaded. The resulting paste is poured into an 80 mm x 50 mm x 50 mm metal mould (Fig. 2)
fitted with a removable compression plate.
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Fig. 2: Moulding device

The bricks were formed using a manual mechanical press, then demoulded and dried at room temperature for
48 hours. After drying, the bricks were fired in a muftle kiln (Nabertherm GmbH, Bremen, Germany) at 200°C.
In the first stage of the study, ten (10) bricks of each type (Bcp0, Bepl, Bep2, Bep3 and Bep4, Bep5) were
produced by setting the mass of mixing water at Myawer = 15 g, the firing temperature at Tr = 200 °C and the
firing time at ty= 4 hours. This stage made it possible to select the type of dry mass mixing ratio required to
obtain the type of brick with optimum characteristics (Bcpopt). In the second stage of the study, the influence
of the parameters firing temperature (Tr), firing time (tr) and wet mass (Mwater) on the physicochemical proper-
ties of Bepop: bricks was studied in comparison with Bep0 bricks.

2.3. Operating parameters and their influence

The water quantity (mwacer): For these brick series Bepop: and Bep0, mixing was carried out with different
masses Muaer = (15 g, 20 g, 25 g and 30 g). The firing temperature was set at 500 °C for 4 hours.

The firing temperature: Bcpop: and BepO brick series are always considered, with myaer = 20 g and firing
temperatures successively set at 200 °C, 300 °C, 400 °C and 500 °C for a duration of 4 h.

The firing time: The effect of time was carried out with Bcpop: and Bep0 brick series for myaer = 15 g. The
firing time for each trial was determined by the firing temperature. The firing times for each trial were 4h, 5h
and 6h. The firing temperature remained fixed at 200 °C.

2.4. Brick physicochemical characterisation

To determine the water absorption rate, the brick is dried to a constant mass (m;), then immersed in distilled
water for 24 hours. The sample is then removed, wiped with a damp cloth and weighed (m;). Water absorption
is given by equation 1:

; m,—m
Absorption (%) =——1x100 1)
m
Density is calculated after firing and cooling a mass m of brick. The dimensions of the brick are then measured
with a caliper, so that the volume V is known. The density is then calculated using the following formula:

Density (t/m3)=% (2)

To assess apparent porosity, the brick is dried to a constant mass (m1), then immersed in distilled water for 24
hours. The sample is removed, wiped with a damp cloth, and weighed to obtain a mass (m2). The volume V of
the brick is given by measuring its dimensions with a caliper. Apparent porosity is calculated using the follow-

ing formula:
) m, —m,
Apparent porosity (%) = 5 x100 3

Compressive strength tests were carried out using an automatic compression machine (Fig. 3).
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Fig. 3: Compressive strength tests with the UTEST (UTCM-6431, Ankara, Turkey) device
The breaking force causing fracture is estimated by the machine, and together with the surface area, we calcu-
late the compressive strength using the following formula:

Maximum load at failure(N)

. 2
Area under compression(mm”)

Compressive strength(MPa) = @)

2. 5. Bricks composition EDS analysis

EDS analyses of the clay samples were carried out using Bruker's QUANTAX EDS microprobe with an X
Flash 6/30 detector. The structural specificities of the Bcpop: and BepO bricks were analyzed using a Hiro SH
400 M Scanning Electron Microscope (Limonest, France).

2.6. Data processing

All calculations were performed with Microsoft office Excel 2016 Professional. Mean values and standard
deviation were determined from three individual measurements.

3. RESULTS
3.1. Composition of the raw clay

Semi-quantitative EDS analysis of the clay sample enabled us to specify the composition of the clay in the study.
The dispersion spectrum of the elements is shown in figure 4 and the elemental proportions are given in table
2.
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Fig. 4: Energy Dispersion Spectrum (EDS) of Raw Clay

Table 2: Elemental composition of raw clay
Elements  Normal Mass (%) Atomic Mass (%)
(0) 57.32 72.36
Al 13.43 10.05
Si 17.60 12.66




NEPT

60of 11

Ti 0.69 0.29
Fe 9.20 3.33
Na 0.75 0.66
Mg 0.43 0.36
K 0.58 0.30

Total 100.00 100.00

The result of the semi-quantitative EDS analysis of the raw clay sample is shown in Figure 4, which presents
the spectrum of the chemical elements contained in the study clay (O, Al, Si, Ti, Fe, Na, Mg, K). Table 1 shows
the different mass percentages of these chemical elements. Silicon (Si) and aluminum (Al) are highly present,
mainly due to the presence of chemical elements in oxide form, respectively SiO2 (silica) and AI203 (alumina).
Alumina is a determining factor in the identification of clays. A high alumina content indicates the presence of
kaolinite (Qlihaa et al., 2016). However, it is important to highlight the low presence of the chemical elements
Fe, Mg, K. The presence of Ti would indicate the presence of titanium dioxide (TiO2) in the raw clay. In
addition, the clay in this study is predominantly a mixture of kaolinite and illite, as observed by Kpangni et al.
2008.

3.2. Optimal dry matter composition

The bricks were shaped progressively, increasing the amount of plastic in the total dry matter from 1% to 10%
initially. Baked at 200 °C for 4 h, dislocation of the bricks was observed for proportions of 6% or more of
plastic waste (Fig. 5). These bricks detach on cooling and can therefore not be characterized.

The specific characteristics of the bricks obtained in the first stage of the study are shown in figure 6.
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Fig. 6: Evolution of bricks characteristics, Tr= 200 ° C; Myaer = 15 g, tr=4h
Water absorption is an important characteristic for assessing the durability, thermal conductivity, and quality
of a brick (Iftikhar et al. 2020). Figure 6 shows that at a firing temperature of 200 °C, the water absorption
capacity of bricks decreases as the amount of plastic incorporated increases. Bcp4 bricks remain the least
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absorbent. The apparent porosity is positively correlated with the water absorption capacity. It decreases and
reaches its lowest value also for Bep4 bricks. The moderate addition of plastic therefore makes the bricks less
porous. The density of the bricks is an important parameter in defining their field of application. Gradual ad-
dition of plastic reduces the density of bricks. The lowest density bricks are Bcp5 bricks. The incorporation of
up to 4% plastic waste as dry reinforcement in the Bcp0 brick optimizes its compressive strength. Given the
above, it appears that the composition of Bcp4 bricks, fired at only 200 °C, provides a significant improvement
in durability and compressive strength. Scanning electron microscopy (SEM) allowed us to observe the com-
parative texture (Fig.7) of Bcp0O and Bep4 bricks. The clay particles in BepO are in the form of clusters of fine
polygonal platelets (in the micrometer range), characteristic of a kaolinite (Bakary Soro et al., 2023) rather than
an illite crystalline morphology. The addition of plastic waste makes the surface of Bcp4 much less glassy, but
more compact and therefore less susceptible to deformation. There is also a good distribution of plastic in the
porous structure of the clay in Bep4.

Fig. 7: SEM images comparing Bcp0 and Bep4 bricks. Tr =200 °C ; Myaer = 15 g, tr=4 h
3.3 Effect of operating parameters
For this stage of the study, tests were carried out with Bcp0 and Bcp4 bricks.
3.3.1. Firing temperature

The effects of increasing the temperature to 400°C and 500°C were not compared due to the dislocation of the
Bcep4 bricks at these temperatures. The results of the temperature effect are shown in figure 8.
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Fig. 8: Effect of firing temperature on the characteristics of Bcp0 and Bep4 bricks; myawer = 15 g, tr=4 h
As the temperature increases from 200°C to 300°C, there is an increase in water absorption capacity, porosity,
and a slight increase in density. On the other hand, a decrease in the compressive strength of the material is
observed.

3.3.2. Effect of firing time
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The results of firing at Tr= 200 °C at various times are shown in figure 9.
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Fig. 9: Effect of firing time on the characteristics of Bcp0 and Bep4 bricks; myaer = 15 g, Tr =200 °C
Firing for 6 hours improves compressive strength and density. The bricks become slightly denser and more
resistant to compression.

3.3.4. Effect of wet mass
Above myawer = 25 g, wet matter acts as a limiting factor for brick shaping at the compaction stage. For example,

the production of bricks Bep4 at myaer = 30 g resulted in a deformed brick (Fig. 8) due to material leakage
during compaction. The same moulding difficulties were observed with Bep0 from muaer= 25 g.
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Fig. 10: Material loss during compaction of Bcp4 at myaer= 30 g
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Fig. 11: Effect of wet mass on the characteristics of Bcp0O and Bep4 bricks; Tr= 200 °C, tr=4

The amount of wet matter influences the characteristics of the bricks produced. For the Bep4 brick type, as the
amount of moisture increases, the compressive strength and porosity increase. This increase in porosity leads
to an increase in water absorption capacity. This could be a limiting factor in the durability of the bricks.
However, at myaer= 20 g the compressive strength is improved. This amount of myaer = 20 g also improves the
physicochemical and mechanical properties of BcpO bricks.

4. DISCUSSIONS
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Composite bricks were developed by dispersing plastic (polyethylene) in clay. The results of the composite
bricks obtained present much better brick characteristics compared to bricks elaborated with raw clay alone. A
study of the influence of the dry matter mixing ratio revealed that moderate incorporation of polyethylene
improved the quality of composite bricks, especially their compressive strength. The study revealed that com-
pressive strength was highest at 4% plastic. Moderate increases in plastic content (up to 5%) lower density and
porosity, significantly reducing the water absorption capacity of composite bricks. The experimental study by
(Ebadi-Jamkhaneh et al., 2021) on the mechanical properties of fired clay bricks incorporated with plastic
waste had shown that the addition of 3% fine polyethylene plastic particles can include the fired clay brick as
a load bearing brick. Another study by (Hussien et al., 2024) on the tea waste additive effects on the physical
and mechanical properties of unfired clay bricks also showed that samples containing 2.5% and 5% of the
additive gave better compressive strength results. The present study also showed that increasing the firing
temperature to 300 °C increased density and lowered compressive strength. There was also an increase in the
water absorption and porosity of composite bricks. This result could be due to the behavior of polyethylene.
Polyethylene melts at 85 °C and degrades at 274 °C (Wahane et al. 2023). Thus, at temperatures below 300 °C
and above its melting point, it remains in the liquid state, enabling it to adhere better to the clay and close the
pores of the clay material. Above the degradation temperature of polyethylene, the liquid shrinks to form pel-
lets, creating voids in the clay material. This shrinkage phenomenon is likely to explain the increase in porosity
and absorption leading to a reduction in the strength of composites. As water absorption capacity is recognized
as an indicator of durability and porosity (Vasi¢ et al. 2020), a temperature of 200 °C is more suitable for firing
clay-polyethylene composite bricks. A low absorption capacity and high density could reduce brick permea-
bility and resistance to certain climatic conditions (Vasi¢ et al. 2020). The increase in porosity linked to the
plastic additive improves thermal conductivity (Hussien et al., 2024) and makes it possible to obtain lightweight
insulating bricks. As for the effect of firing time, it shows that it is after 6 hours of firing that resistance and
density are high. Finally, a study of the effect of wet mass shows that maximum compressive strength values
are obtained at 20 g.

5. CONCLUSION

Conventional bricks made from high temperature clay require a high consumption of energy and clay raw
materials. In this study, clay-plastic composite bricks were developed using different proportions of
polyethylene plastic waste. The Bcp4 bricks exhibited optimum physical and mechanical properties at only
200°C, with a 15 g water mixture and a cooking time of 4 hours. This is equivalent to an incorporation rate
of 4% of the mass of the brick. The effects of operating parameters such as baking temperature, amount of
wet material and baking time were investigated. The optimum baking time for bricks was found to be 6 hours
per 20 g of wet mass and a cooking temperature of 200°C. The results show that the incorporation of plastic
waste into the bricks can lead to a significant improvement in the performance of the bricks. Bricks produced
under the conditions revealed by the study could be an alternative means of reducing polyethylene plastic
waste. This suggests positive prospects for solutions in the construction industry.

Overall, the results suggest that polyethylene plastic waste can be reused to produce environmentally
friendly bricks, which could significantly reduce plastic waste in the environment. These composites are
promising for use as durable bricks for walls, paving and other construction applications. However, it would
be necessary in future studies to expand the type of plastic waste and increase the mechanical

characterisation tests.
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