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Abstract 

The growing problem of plastic waste piling up around the world, along with the large 

environmental impact of traditional building materials, means that new ways of building that are 

good for the environment are needed.  This thorough study offers an in-depth comparative 

analysis of environmentally friendly bricks made from recycled plastic waste, employing two 

different filler materials: sand and clay.  The study methodically analyzes two production 

methods: a compression-heating technique for plastic-sand bricks and a firing process for plastic-

clay bricks.  Brick samples were made with different plastic-to-filler ratios (10:90, 20:80, and 

30:70 by weight) to test how well they worked in terms of compressive strength, fire resistance, 

water absorption, thermal insulation, durability, production costs, and environmental impact.  

The results consistently show that plastic-sand bricks made by compression-heating are much 

better than plastic-clay bricks on most performance measures.  Plastic-sand bricks had a 

compressive strength of 23.7 MPa, very little water absorption (2.5%), and better thermal 

insulation properties (0.48 W/m·K) when the ratio was 30:70.  Plastic-clay bricks were more 

fire-resistant because they had a ceramic matrix, but they cost about 15% more to make because 

firing them takes a lot of energy.  The in-depth study finds that plastic-sand bricks are a better 

option for sustainable construction because they offer the best combination of mechanical 

strength, durability, cost-effectiveness, and environmental benefits. They are best for light 

structural and non-load-bearing uses. 
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1. Introduction 

The fast rise of cities and people has made the need for conventional building materials, 

especially baked clay bricks, even greater.   Making bricks the old-fashioned manner uses a lot of 

resources and releases a lot of CO₂ into the air, which is bad for the environment [1].   There is 

too much plastic pollution in the globe. Every year, we make more than 350 million tons of 

plastic waste.   A lot of this waste persists in ecosystems for hundreds of years [2].     This study 

investigates the viability of using post-consumer plastic trash into construction materials, 

transforming a problematic waste stream into value-added products. 

  Previous research has examined plastic-sand [3] and plastic-clay composites [4] 

separately; however, a thorough, controlled comparative examination conducted under 

standardized settings is notably absent in the existing literature.    This work aims to rectify a 

notable research gap by providing a comprehensive evaluation of both brick kinds, with a 

particular emphasis on elucidating the relationships among material composition, production 

techniques, and the resultant performance characteristics.    

The main goals of this research are:  

• To make plastic-sand and plastic-clay bricks using standard methods with different plastic-to-

filler ratios;  

• To use strict testing protocols to compare their mechanical, thermal, and durability properties;  

• To look at their environmental impact and economic viability compared to each other and 

regular clay bricks;  

• To find the best formulations and processing conditions for certain construction uses; 

 This study establishes explicit performance criteria that facilitate the development of 

uniform, durable brick replacements suitable for extensive application in sustainable construction 

methods. 

2. Literature Review 

2.1 Precursors and Composite Design 

The performance characteristics of plastic-based bricks are primarily determined by the 

properties of their constituent materials.     Polypropylene (PP) and high-density polyethylene 

(HDPE) are now the most used plastic matrices because they are strong, stable at high 

temperatures, and easy to discover in trash [3].     The filler, which is usually sand or clay, keeps 

the structure strong and inhibits it from getting smaller while it is being worked on.     The size of 

the filler particles has a big impact on how well they cling together and how well the binder 

sticks to them.    This, in turn, changes how strong and permeable the composite bricks are in the 

end [5]. 

  Recent studies have investigated the compatibility of several polymers, such as 

polyethylene terephthalate (PET) and polyvinyl chloride (PVC).   But HDPE is still the most 

studied plastic since it melts and works well in machines.     The filler material and the plastic 

matrix need to function well together for the composite to operate successfully.    To make two 

surfaces stick together better, chemical surface treatments are sometimes used. 
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2.2 Manufacturing Techniques and Resultant Microstructure 

The way plastic-based bricks are made has a big impact on how their microstructure 

grows and how well they work. The melt-compression process lets the plastic part make a matrix 

that surrounds the sand particles well and stays in place. This makes composites that are stronger 

and less permeable [3]. In this procedure, the plastic and filler are heated to a temperature above 

the melting point of the polymer.  After that, compression molding is utilized to evenly spread 

the plastic phase throughout the composite. 

  When you fire plastic-clay bricks, on the other hand, the plastic part breaks down, 

leaving behind a clay matrix with holes in it. This fundamental distinction in the formation of 

microstructures elucidates why plastic-sand bricks typically exhibit superior compressive 

strength and reduced water absorption rates compared to burnt plastic-clay bricks, which possess 

a greater number of pores and consequently diminished mechanical strength [4, 6]. The 

temperature, how long it takes, and how quickly it heats up all affect how much plastic breaks 

down and how much clay turns into glass. This, in turn, modifies how plastic-clay composites 

look in the end. 

2.3 Performance Trade-offs and Research Gaps 

People are using more and more plastic in building because it offers a good balance 

between strength and fire resistance.    Plastic-sand bricks are quite strong and don't let water 

through, but their organic matrix can break down when it gets too hot [7].    Plastic-clay bricks 

aren't as robust when it comes to mechanics, but they are better at fighting fire because the 

ceramic clay matrix stays stable at high temperatures. 

  Scientists are still attempting to figure out how much plastic is the right amount.    Too 

much plastic can make the structure weaker since the polymer activity that makes it ductile 

happens more often.   But if there isn't enough plastic, the structure might not be able to hold 

things together or transfer rubbish in a productive way [8].    We also need to do further research 

to figure out how long these composites will endure in different types of environments.    This 

study underscores the necessity for controlled comparative studies that rigorously examine these 

trade-offs across multiple performance metrics to establish clear guidelines for practical use. 

3. Materials and Methods 

3.1 Materials 

Plastic: After use, HDPE was carefully cleaned, dried, and cut into flakes that were of the 

same size, between 3 and 5 mm.   Most of it comes from ancient bottles and jars.    We picked 

this size range so that the material would melt better and spread more uniformly throughout the 

composite matrix while it was being processed. 

 Fillers: This study used two different types of filler materials: 

 • Sand: Clean, dry river sand with a specific gravity of 2.65 and particles that range in size from 

0.15 to 0.5 mm.  We cleansed the sand well to get rid of any dirt and dried it to a steady 

weight before using it. 
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 • Clay: We used a 1 mm mesh to sift out huge chunks and organic materials from kaolinitic clay 

we got from nearby.   The clay had a plastic limit of 25% and a liquid limit of 45%, which 

made it hard to work with and bond. 

 Kaolin was added to some plastic-clay mixtures at 5% by weight of clay as a fluxing 

agent to aid the clay sinter better during fire and make the ceramic matrix more cohesive. 

3.2 Brick Fabrication 

To make plastic-sand bricks, HDPE and sand were combined together in dry weight 

ratios of 10:90, 20:80, and 30:70. The industrial oven held the homogenous mixes at 190±5°C 

for around 20 minutes. This made sure that the plastic part melted all the way.    Then, the melted 

composites were inserted into typical steel molds (200 × 100 × 50 mm) and pressed for two 

minutes at 5 MPa with a hydraulic press. They carefully took the molded bricks out of their 

molds and left them outside to cool for a whole day.   This let them slowly harden and made the 

stress within less. For testing purposes, all molded bricks were subsequently cut into standard-

sized specimens (50 × 50 × 50 mm) following ASTM C67 requirements to ensure uniformity and 

accurate comparison between samples. 

 Firing Method (Plastic-Clay Bricks): The same volumes of clay and shredded HDPE 

were mixed together as the plastic-sand composites.    Adding 4% water by weight made it easier 

to shape the material. The mixes were pressed into the same steel molds in one direction at a 

pressure of 3 MPa. To get rid of any moisture before firing, the green bricks were dried at 105°C 

for 24 hours. The samples that had been dried were put in a programmable kiln and fired to 

900°C at a rate of 2°C per minute.   To make sure the clay transformed into glass and the plastic 

broke down, they held the temperature at that level for two hours.   After that, the kiln cooled 

down gently so it wouldn't get too hot. 

3.3 Testing and Characterization 

After a week of conditioning, all tests were done on three samples to make sure that the 

material qualities stayed the same.   The complete testing plan had: 

 Compressive Strength: This was measured with a universal testing machine according to ASTM C67 

and ASTM C140 standards.  To make sure the measurements were right, the loading rates were 

carefully regulated. 

 Water Absorption: This was evaluated according to ASTM C140 standards, which required 24 hours 

of immersion in distilled water and precise measurements of changes in mass. 

 Thermal Conductivity: This was measured using a guarded heat flow meter that fulfilled ASTM C518 

criteria. The temperature differences were kept across the surfaces of the specimens. 

 Fire Resistance: Fire resistance was assessed in accordance with ISO 834 standard fire testing 

procedures. Each specimen was exposed to 800°C for 15 minutes, and the resulting mass loss, 

dimensional changes, and surface cracking were recorded.  

 Durability: It was put through 20 freeze-thaw cycles according to ASTM C666 and chemical 

resistance testing in acidic (pH 4) and alkaline (pH 10) solutions to see how it would hold up in harsh 

weather. 
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4. Results and Discussion 

4.1 Mechanical and Physical Properties 

The analysis of compressive strength showed that plastic-sand bricks functioned 

significantly better, and the 30:70 ratio had the best mechanical qualities.    By creating a strong, 

continuous HDPE matrix that binds the sand particles together and spreads the stresses equally 

throughout the composite structure, this improvement was feasible.    The fact that the 

compressive strength goes up slowly as the plastic content goes up (up to 30%) suggests that the 

matrix is getting better and the linkages between the sections are getting stronger.    But initial 

experiments with greater plastic ratios (40:60) revealed a little decrease in strength.  This means 

that there is a perfect amount of ductile polymer content that, if you go over it, will make the 

structure weaker. 

  On the other hand, plastic-clay bricks had lower compressive strengths because the 

plastic part broke down during burning, making the clay matrix more porous and less stable.    

The small rise in strength reported in clay bricks with additional plastic may be because burning 

plastic transforms some of the clay into glass.   But this effect doesn't last long because the bricks 

become more permeable. 

  Plastic-sand composites were clearly better at soaking up water, with values always < 

3.2% for all ratios.    Because HDPE is hydrophobic, it doesn't let water in.   This makes it last a 

lot longer when it's wet.    Clay bricks, on the other hand, absorbed a lot more water (>6.5%), 

which suggests that they are naturally porous and attract water.   This could make them operate 

less well in the long run when it's humid or freezing and thawing. 

Water absorption and density results further support the observed mechanical trends. 

Plastic–sand bricks exhibited very low water absorption (2.5–3.2%), attributed to the 

hydrophobic nature of HDPE and the formation of a continuous polymer matrix. Conversely, 

plastic–clay bricks showed significantly higher absorption values (>6.5%), reflecting their 

porous microstructure caused by polymer burnout during firing. Density decreased slightly with 

increasing plastic content in both systems, indicating reduced material compactness at higher 

polymer ratios. 

Table 1: Mechanical and physical properties of plastic-sand and plastic-clay bricks with 

varying plastic-to-filler ratios 

Brick 

Type 

Plastic:Filler 

Ratio 

Compressive Strength 

(MPa) 

Water Absorption 

(%) 

Density 

(kg/m³) 

Plastic-

Sand 

10:90 18.5 ± 0.8 3.2 ± 0.2 1700 ± 

15 
20:80 21.3 ± 0.9 2.9 ± 0.1 1685 ± 

12 
30:70 23.7 ± 1.1 2.5 ± 0.1 1650 ± 

10 
Plastic- 10:90 15.2 ± 1.0 6.5 ± 0.3 1800 ± 

20 
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Brick 

Type 

Plastic:Filler 

Ratio 

Compressive Strength 

(MPa) 

Water Absorption 

(%) 

Density 

(kg/m³) 
Clay 20:80 16.8 ± 0.9 5.9 ± 0.2 1775 ± 

18 
30:70 17.1 ± 1.2 5.5 ± 0.3 1750 ± 

15 

 

Figure 1: Comparative compressive strength of all brick types and plastic-to-filler ratios 

4.2 Durability and Long-Term Performance 

The plastic-sand bricks passed the durability test with flying colors.  After 20 freeze-thaw 

cycles, they kept 95% of their original compressive strength. This was better than regular clay 

bricks (85% retention) and plastic-clay composites (90% retention).   Plastic-sand bricks last a 

long time because they don't soak up a lot of water, which stops frozen water from expanding 

and breaking down the pore structure.   The tests for chemical resistance showed once again that 

plastic-sand composites are better than other materials.  In both acidic and alkaline 

environments, they only lost a small amount of mass (0.5% and 0.3%, respectively). 

 HDPE doesn't break down easily in harsh environments because it doesn't react with 

other chemicals.  Plastic-sand bricks are a great choice for places where acid rain falls or in 

industrial areas.   But chemicals were much more likely to hurt bricks made of clay.  They lost 

more than 2% of their mass in both acidic and alkaline conditions. This shows how reactive clay 

minerals are and how easily they can dissolve in very acidic or alkaline conditions. 

Each SEM image corresponds to a specific plastic-to-filler ratio, clearly documented as 

10:90, 20:80, or 30:70, to illustrate the evolution of microstructural bonding as plastic content 

increases. 
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 Figure 2 shows that scanning electron microscopy (SEM) for microstructural analysis 

showed that the two types of composites are very different from each other.   Plastic-sand bricks 

had a strong, continuous matrix and a strong bond between the plastic binder and the sand grains.   

Plastic-clay bricks, on the other hand, had a porous, non-continuous structure with many holes 

that formed when the plastic broke down during firing.  This is why they weren't as strong and 

long-lasting. 

Table 2: Durability performance of brick samples after freeze-thaw cycles and chemical 

exposure. 

Brick Type 
Plastic: Filler 

Ratio 

Residual 

Compressive 

Strength (%) 

Mass Loss After 

Acid Exposure 

(%) 

Mass Loss after 

Alkali Exposure 

(%) 

Plastic-Sand 30:70 95% 0.5% 0.3% 

Plastic-Clay 30:70 90% 2.1% 1.8% 

Traditional 

Clay 

N/A 85% 3.5% 2.5% 

 

Figure 2: Microstructural Analysis. Scanning Electron Microscope (SEM) images 

comparing (a) the dense, continuous matrix of a plastic-sand brick with (b) the porous, 

void-ridden structure of a plastic-clay brick. 
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4.3 Thermal and Fire Performance 

When we examined how well they kept heat, it was clear that plastic-sand bricks 

functioned better than plastic-clay bricks.    For instance, plastic-sand bricks had a thermal 

conductivity of 0.48 W/m·K when the ratio was 30:70.  This was around 26% lower than the 

thermal conductivity of plastic-clay bricks, which was 0.65 W/m·K. The plastic matrix and the 

area between the plastic and sand particles don't let heat through, therefore this insulation works 

well. Plastic-sand bricks are amazing at keeping heat in, which could help with energy-saving 

building design. This might suggest that buildings made with these materials don't need as much 

heating and cooling. 

   On the other hand, testing for fire resistance showed that plastic-sand composites had a 

very hard time. When the temperature went above 180°C, these bricks lost 12.5% of their mass 

and changed shape a much.    This means that the organic polymer matrix can't handle the heat. 

Plastic and clay bricks, on the other hand, were very fire-resistant.   At 800°C, they barely lost 

5.2% of their mass and kept the same shape. The sintered clay matrix is what causes this to 

happen. Because of this basic trade-off between fire resistance and thermal insulation, you need 

to think carefully about what the application needs when you choose between different types of 

composites. 

Table 3: Thermal and fire performance characteristics of plastic-sand and plastic-clay 

bricks 

Brick 

Type 

Thermal Conductivity 

(W/m·K) 

Softening/Deformation 

Temperature (°C) 

Mass Loss after 

Fire Test (%) 

Plastic-

Sand 
0.48 ~180 12.5 

Plastic-

Clay 

0.65 >800 (No Deformation) 5.2 

 

Figure 3: Thermal conductivity profiles of plastic-sand and plastic-clay bricks during 

testing, demonstrating the superior insulation properties of plastic-sand composites. 
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4.4 Environmental and Economic Analysis 

An first life cycle assessment suggests that plastic-based bricks are considerably more 

eco-friendly than conventional burnt clay bricks.    Plastic-sand bricks lower CO₂ emissions by 

an astonishing 40% compared to conventional clay bricks.   This is primarily because it takes a 

lot less energy to heat and compress objects than to fire them at a high temperature.    Plastic-

clay bricks were also better for the environment because they let out roughly 22% less CO₂ than 

ordinary bricks.   This was because they used less clay, which meant they needed less energy to 

fire. 

Estimated CO₂ emissions were calculated using the standard emission factor method: 

CO₂ (kg) = Energy Consumption (kWh) × Emission Factor (kg CO₂/kWh) 

An emission factor of 0.92 kg CO₂/kWh was adopted based on regional electricity 

generation data. This approach provides a consistent comparison of firing energy versus melt-

compression energy requirements. 

  An economic analysis indicated that plastic-sand bricks are the cheapest option because 

they cost roughly 38% less to make than conventional clay bricks.    This is helpful for the 

economy since it requires less energy and materials that are cheaper, like plastic trash.    Plastic-

clay bricks cost more than plastic-sand composites because they took a lot of energy to fire, but 

they still saved roughly 29% compared to conventional bricks. 

  When HDPE is melted to form plastic-sand bricks, it could let out volatile organic 

compounds (VOCs), which is bad for the environment.    But on a large scale, combining 

controlled, closed-system production and the correct ventilation scrubbers can cut down on these 

pollutants a lot, making sure that manufacturing operations are good for the environment. 

Table 4: Comparative environmental and economic analysis of plastic-based bricks and 

traditional clay bricks. 

Brick Type Material 

Cost 

(USD) 

Energy Cost 

(USD) 

Total Cost 

(USD) 

Estimated CO₂ 

Emissions (kg CO₂ eq) 

Plastic-Sand 

(30:70) 

50 15 65 110 

Plastic-Clay 

(30:70) 

50 25 75 145 

Traditional Clay 70 35 105 185 

4.5 Discussion Synthesis 

The thorough evaluation shows that compression-heating plastic-sand bricks are the best 

solution for most building projects.    The unusual microstructural arrangement of these 

composites is what makes them so great. In this arrangement, plastic functions as a continuous, 

hydrophobic binder inside a thick composite matrix.   Some of these are strong compressive 

strength, low water absorption, long-lasting resilience, and good thermal insulation. 
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  The main reason the two types of composites don't work the same way is that they are 

manufactured in different ways.    During the melt-compression process, the plastic stays a 

binding matrix.  During firing, the heat tears down the plastic portion, causing gaps in the 

structure.    Because of this important distinction, the criteria for selection must be different for 

each application: 

  Plastic-Sand Bricks are the finest choice for building walls, partitions, and light 

constructions in homes and businesses, especially in cold or wet areas.    They are even better for 

constructing projects that are excellent for the environment because they are affordable and 

beneficial for the environment. 

  Plastic-Clay Bricks are unusual materials that operate well in situations where fire safety 

is highly crucial, including furnace linings, firewalls, or some industrial settings.    They are not 

as suitable for ordinary building because they are more expensive to make and not as strong 

mechanically. 

  This study conclusively establishes the 30:70 plastic-to-sand ratio as the ideal 

equilibrium between waste utilization efficiency and mechanical performance.    The findings 

provide a robust scientific foundation for establishing plastic-sand bricks as a standard and 

advocating their utilization in sustainable construction practices and the adoption of a circular 

economy. 

5. Conclusion and Recommendations 

This detailed study shows that plastic-sand bricks made by heating and compressing are 

better than regular clay bricks and burnt plastic-clay composites in terms of technology, cost, and 

environmental impact.     A 30:70 plastic-to-sand ratio works well because it has a high 

compressive strength (23.7 MPa), a low water absorption (2.5%), and better thermal insulation 

(0.48 W/m·K).    Plastic-clay bricks are better at withstanding fire, but they are not as strong 

mechanically and cost more to make.  So, they can only be utilized when fire safety is the most 

important factor.    In conclusion, using plastic-sand bricks for everyday building is a smart and 

long-lasting way to deal with the problems of making building materials in a way that is good for 

the environment and getting rid of plastic waste.    This method turns a waste stream that is hard 

to deal with into building materials that can be used.  This is a huge step toward the goals of the 

circular economy and long-term growth. 
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 الخلاصة 

نب التأثيخ البيئي الكبيخ لسهاد البشاء التقميجية، إن مذكمة تخاكم الشفايات البلاستيكية الستدايجة حهل العالم، إلى جا
تدتجعي إيجاد طخق بشاء ججيجة صجيقة لمبيئة. تقجم ىحه الجراسة الذاممة تحميلًا مقارناً معسقاً لمظهب الرجيق لمبيئة السرشهع 

ة مشيجياً طخيقتي إنتاج: تقشية من نفايات بلاستيكية مُعاد تجويخىا، باستخجام مادتي حذه مختمفتين: الخمل والظين. تحمل الجراس
التدخين بالزغط لمظهب البلاستيكي الخممي، وعسمية الحخق لمظهب البلاستيكي الظيشي. صُشعت عيشات من الظهب بشدب 

وزناً( لاختبار مجى فعاليتيا من حيث قهة الزغط، ومقاومة  30:70، و20:80، 10:90مختمفة من البلاستيك إلى الحذه )
الساء، والعدل الحخاري، والستانة، وتكاليف الإنتاج، والتأثيخ البيئي. تُظيخ الشتائج باستسخار أن الظهب الحخيق، وامتراص 

البلاستيكي الخممي السرشهع بتقشية التدخين بالزغط أفزل بكثيخ من الظهب البلاستيكي الظيشي في معظم مقاييذ الأداء. 
%(، وخرائص 2.5ميجا باسكال، وامتراص مشخفض ججًا لمساء ) 23.7تسيّد الظهب البلاستيكي الخممي بقهة ضغط تبمغ 

. كان الظهب البلاستيكي الظيشي أكثخ مقاومة لمحخيق لاحتهائو عمى 30:70ك( عشج ندبة ·واط/م 0.48عدل حخاري أفزل )
ججت الجراسة % نظخًا لاستيلاكو لكسية كبيخة من الظاقة. وقج و 15مرفهفة سيخاميكية، إلا أن تكمفة ترشيعو تديج بشحه 

الستعسقة أن الظهب البلاستيكي الخممي خيار أفزل لمبشاء السدتجام، إذ يجسع بين القهة السيكانيكية والستانة والفعالية من حيث 
 .التكمفة والفهائج البيئية. وىه مثالي للاستخجامات الإنذائية الخفيفة وغيخ الحاممة للأحسال

ات البلاستيكية، البشاء السدتجام، الظهب السخكب، قهة الزغط، تقييم دورة الحياة، الاقتراد إعادة تجويخ الشفاي ة:لادالكلمات ال
  .الجائخي، التهصيل الحخاري، الاستجامة البيئية
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