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ABSTRACT
The increasing generation of plastic waste has posed a serious environmental challenge due to its non-biodegradable nature and improper disposal methods. This study focuses on the fabrication and performance testing of a single screw waste plastic-sand recycling machine designed to convert plastic waste into useful construction materials. The machine was developed using locally sourced materials and consists of major components such as the hopper, barrel, screw conveyor, heating chamber, and extrusion die. The operating principle involves shredding and melting waste plastic, which is then mixed with sand and extruded to form solid composite products suitable for paving blocks and other applications.

Performance evaluation of the machine was carried out by varying parameters such as screw speed, heating temperature, and sand–plastic ratio. Results revealed that the machine could efficiently process different categories of thermoplastics, with polyethylene and polypropylene showing the highest compatibility with sand. The optimal performance was achieved at a temperature range of 180–200°C and a screw speed of 50–60 rpm, producing uniform composites with improved compressive strength and durability. The throughput of the machine was found to be satisfactory for small- to medium-scale production.

The study demonstrates that the fabricated single screw waste plastic-sand recycling machine is cost-effective, energy efficient, and environmentally friendly. It provides a sustainable solution for managing plastic waste while simultaneously producing affordable construction materials, thereby contributing to waste reduction and resource recovery.
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CHAPTER ONE

1.0
Introduction

The rapid growth of plastic waste has become a pressing environmental concern globally, with millions of tons of plastic waste ending up in landfills and oceans annually. Waste plastic sand, a byproduct of plastic production and consumption, poses significant challenges to waste management and sustainability due to its non-biodegradable nature and potential environmental hazards. To address this issue, recycling technologies have emerged as a viable solution, offering a promising approach to mitigate plastic waste's environmental impact. This project focuses on the fabrication and performance testing of a single screw waste plastic sand recycling machine, aiming to develop an efficient, cost-effective, and sustainable method for recycling waste plastic sand into valuable products. The machine's design and performance will be thoroughly evaluated to determine its potential for industrial applications, contribution to reducing plastic waste, and promoting a circular economy (Hopewell,J, Dvorak,R & KosoirE. 2009).

1.1
HISTORY OF PLASTIC PRODUCTION AND ITS APPLICATIONS:

1.1.1
History of Plastic Production

Plastic production dates back to the mid-19th century, with the introduction of celluloid in 1869. However, it wasn't until the early 20th century that plastics became widely used, with the development of materials like Bakelite (1907) and nylon (1935). The post-World War II era saw a significant increase in plastic production, driven by advances in technology and growing demand for consumer goods (Fenichell, 2. 1996).

1.1.2
Applications of Plastics

Plastics have become ubiquitous in modern life, with applications across various industries, including:

1. Packaging: Plastics are widely used in packaging due to their lightweight, flexibility, and durability.

2. Construction: Plastics are used in building materials, such as pipes, insulation, and window frames.

3. Automotive: Plastics are used in vehicle components, such as dashboards, bumpers, and fuel tanks.

4. Medical Devices: Plastics are used in medical equipment, implants, and disposable devices.

5. Consumer Goods: Plastics are used in a wide range of consumer products, including electronics, toys, and household items.

The versatility and durability of plastics have made them an essential material in many industries. However, the environmental impact of plastic waste has become a growing concern, driving the need for sustainable solutions like recycling.

1.2
History of Waste Plastic Generation

The rapid growth of plastic production and consumption has led to a corresponding increase in plastic waste generation. In the early 20th century, plastic waste was not a significant concern due to the relatively low volume of plastic production. However, as plastic use became more widespread, particularly after World War II, the amount of plastic waste generated began to rise.

The 1960s and 1970s saw growing awareness of environmental issues, including plastic pollution. However, it wasn't until the 1980s and 1990s that the issue of plastic waste gained significant attention, with concerns over marine pollution, landfill waste, and the environmental impacts of plastic production.

Today, plastic waste generation is a major environmental concern, with millions of tons of plastic waste entering the environment every year. The consequences of plastic waste include:

1. Marine pollution: Plastic debris in oceans harms marine life and ecosystems.

2. Landfill waste: Plastic waste in landfills can take hundreds of years to decompose.

3. Environmental impacts: Plastic production and disposal contribute to greenhouse gas emissions, climate change, and ecosystem degradation.

The need for effective waste management strategies, including recycling and waste

reduction, has become increasingly important in addressing the issue of plastic waste (Meikle, J.L. 1995).

1.3
Circular Economy of Plastic Waste

A circular economy approach to plastic waste aims to reduce waste, promote recycling, and encourage the reuse of plastic materials. This approach recognizes the value of plastic as a resource and seeks to keep it in circulation for as long as possible.

Key principles of a circular economy for plastic waste include:

1. Design for recyclability: Designing products and packaging with recyclability in mind to reduce waste and increase the quality of recyclables.

2. Closed-loop recycling: Recycling plastic waste back into high-quality products, reducing the need for virgin materials.

3. Sharing and collaboration: Encouraging sharing, collaboration, and cooperation among stakeholders to reduce waste and improve recycling rates.

4. Recycling infrastructure: Developing and investing in effective recycling infrastructure to collect, sort, and process plastic waste.

Benefits of a circular economy for plastic waste include:

1. Reduced waste: Minimizing plastic waste sent to landfills and oceans.

2. Conservation of resources: Reducing the need for virgin materials and conserving natural resources.

3. Economic benefits: Creating new business opportunities and jobs in the recycling sector.

4. Environmental benefits: Reducing greenhouse gas emissions, pollution, and environmental harm.

Your single screw waste plastic sand recycling machine project aligns with the

principles of a circular economy by recycling waste plastic sand into valuable products, reducing waste, and promoting sustainability (Andrady, A.L. & Neal, M. A. 2009)

1.4
COMMUNITY-BASED PLASTIC WASTE MANAGEMENT METHODS

Community-based approaches to plastic waste management involve engaging local communities in waste collection, segregation, and recycling efforts. These methods can be effective in promoting sustainable waste management practices and reducing plastic waste.

1.4.1
Some examples of community-based plastic waste management methods

include:

1. Community-led waste collection: Organizing community members to collect and segregate plastic waste, promoting proper disposal and recycling practices.

2. Waste sorting and segregation: Educating community members on proper waste sorting and segregation techniques to increase recycling rates.

3. Recycling cooperatives: Establishing community-run recycling cooperatives to collect, process, and sell recyclable materials.

4. Community composting: Implementing community composting programs to manage organic waste and reduce plastic waste in landfills.

5. Education and awareness: Conducting workshops, campaigns, and outreach programs to educate community members about the importance of proper waste management and recycling (Thompson, R. C 2009).

1.4.2
Benefits of community-based plastic waste management methods include:

1. Increased community engagement: Fostering a sense of ownership and responsibility among community members.

2. Improved waste management: Enhancing waste collection, segregation, and recycling practices.

3. Economic benefits: Generating income and creating jobs for community members.

4. Environmental benefits: Reducing plastic waste, promoting sustainability, and protecting local ecosystems (Barnes, D. K. A, 2009)

1.5
Environmental Impact of Plastic Waste management methods

Plastic waste has severe environmental impacts, affecting ecosystems, wildlife, and human health. Some of the key environmental impacts include:

1. Marine pollution: Plastic debris in oceans harms marine life, contaminates the food chain, and affects human health.

2. Land pollution: Plastic waste in landfills and terrestrial environments contributes to soil pollution, groundwater contamination, and ecosystem disruption.

3. Climate change: Plastic production and disposal contribute to greenhouse gas emissions, exacerbating climate change.

4. Wildlife entanglement and ingestion: Animals become entangled or ingest plastic debris, leading to injury, death, or harm.

5. Microplastics: Small plastic particles, known as microplastics, are ingested by animals and can enter the food chain, potentially harming human health.

1.6
HUMAN
AND
BIOLOGICAL
EFFECTS
OF
PLASTIC
WASTE

MANAGEMENT

Plastic waste management has significant human and biological implications.

Improper disposal and exposure to plastic waste can lead to:

1.6.1
Human Health Impacts

1. Toxic chemical exposure: Plastic waste can leach toxic chemicals, such as bisphenol A (BPA) and phthalates, into the environment, potentially harming human health.

2. Air and water pollution: Burning plastic waste can release toxic fumes, while leachate from landfills can contaminate water sources.

3. Occupational health risks: Workers in waste management and recycling industries may be exposed to hazardous conditions and chemicals.

Biological Impacts

1. Wildlife entanglement and ingestion: Animals can become entangled or ingest plastic debris, leading to injury or death.

2. Habitat destruction: Plastic waste can accumulate in natural habitats, causing harm to ecosystems and biodiversity.

3. Microplastic consumption: Animals ingest microplastics, which can enter the food chain and potentially harm human health.

1.7
Mitigation Strategies

1. Proper waste disposal: Implementing effective waste management systems to minimize exposure to plastic waste.

2. Recycling and upcycling: Encouraging recycling and upcycling of plastic waste to reduce waste and promote sustainability.

3. Education and awareness: Raising awareness about the human and biological impacts of plastic waste management to promote behavioral change.

1.7.1 PRINCIPLES OF RECYCLING WASTE PLASTIC Recycling waste plastic involves several key principles:

1. Collection and sorting: Collecting and sorting plastic waste by type and resin identification code (RIC) to ensure quality and purity.

2. Cleaning and processing: Cleaning and processing plastic waste to remove contaminants and prepare it for recycling.

3. Shredding and granulation: Shredding and granulating plastic waste into small pieces to increase surface area and facilitate melting.

4. Melting and pelletizing: Melting and pelletizing recycled plastic to create raw materials for manufacturing.

5. Quality control: Ensuring the quality of recycled plastic materials to meet industry standards.

1.8
Benefits of recycling waste plastic include:

1. Conservation of resources: Reducing the need for virgin materials and conserving natural resources.

2. Energy savings: Saving energy compared to producing new plastic from raw materials.

3. Waste reduction: Reducing plastic waste sent to landfills and oceans.

4. Economic benefits: Creating jobs and generating income in the recycling industry.

1.9
Types of Plastic Extruders

Plastic extruders are machines used to process and shape plastic materials. There are several types of plastic extruders, including:

1. Single Screw Extruders: These extruders use a single screw to convey and mix plastic materials. They are commonly used for simple extrusion processes.

2. Twin Screw Extruders: These extruders use two intermeshing screws to convey and mix plastic materials. They are commonly used for complex extrusion processes that require high mixing and compounding capabilities.

3. Conical Twin Screw Extruders: These extruders use two conical-shaped screws to convey and mix plastic materials. They are commonly used for processing PVC and other rigid plastics.

Each type of extruder has its own advantages and disadvantages, and the choice of extruder depends on the specific application and material being processed.

1.10
Composition of Waste Plastic Sand Extruder Machine

A plastic sand waste extruder typically consists of several key components, including:

1. Screw: A single screw or twin screw design that conveys and mixes the plastic sand waste.

2. Barrel: A heated barrel that surrounds the screw and helps to melt and mix the plastic.

3. Heating elements: Electric heaters or other heating elements that control the temperature of the barrel.

4. Die: A shaping die that forms the extruded plastic into a desired shape.

5. Drive system: A motor and gearbox that powers the screw and controls its speed.

6. Control system: A control system that regulates temperature, pressure, and screw speed.

The composition of the extruder may vary depending on the specific design and

application (Ellen MacArthur Foundation 2016).

1.11
Mix Design for Waste Plastic Sand Extruder

Mix design for a waste plastic sand extruder involves determining the optimal blend of waste plastic materials, additives, and other ingredients to achieve desired properties in the final product. Factors to consider include:

1. Plastic type and composition: Different types of plastics have varying properties and compatibility.

2. Additives and fillers: Additives like colorants, stabilizers, and fillers like sand can enhance product properties.

3. Moisture content: Controlling moisture content is crucial to prevent defects and ensure quality.

4. Temperature and pressure: Optimizing temperature and pressure conditions for processing (Kircherr, J. & Reike, D 2017).

1.12
Methods of Forming Waste Plastic Sand Extruder

After extrusion, the plastic sand mixture can be formed into various shapes and products using different methods, such as:

1. Cutting: Cutting the extruder into specific lengths or shapes.

2. Molding: Shaping the extruder into complex forms using molds.

3. Shaping: Using dies or shaping tools to create specific profiles or shapes.

4. Compaction: Compacting the extruder to improve density and strength. These methods can be used to produce a range of products, such as:

1. Bricks or blocks: For construction or building applications.

2. Pavers or tiles: For flooring or paving applications.

3. Profiles or shapes: For various industrial or construction applications (Gutberlet, J. 2015).

1.13
Manual Methods for Processing Plastic Sand

Manual methods involve using simple tools and techniques to process plastic sand, such as:

1. Hand mixing: Mixing plastic waste and sand manually using tools like trowels or shovels.

2. Hand molding: Shaping the plastic sand mixture into desired forms using hand tools or molds.

3. Manual compaction: Compacting the mixture using manual tools like rammers or tampers.

Manual methods can be useful for small-scale production or in situations where machinery is not available. However, they can be labor-intensive and may not produce consistent results (Thompson, R,C. 2009)

1.14
Mechanized Methods for Processing Plastic Sand

Mechanized methods use machines and automation to process plastic sand, offering advantages like increased efficiency, consistency, and scalability. Examples include:

1. Extrusion*: Using machines like single screw or twin screw extruders to process and shape plastic sand.

2. Injection molding: Using injection molding machines to produce complex shapes and products.

3. Compression molding: Using hydraulic presses or compression molding machines to produce products.

Mechanized methods can improve product quality, reduce labor costs, and increase production capacity. Your single screw waste plastic sand recycling machine project is an example of mechanized processing (Jambeck J. R, & Wilcox, C. 2015).

1.15 Problem Statement

"Plastic waste accumulation poses significant environmental concerns, and effective recycling methods are needed to mitigate this issue. Waste plastic sand, generated from various industrial and construction activities, contributes to environmental pollution and waste management challenges. Current recycling methods often face limitations in terms of efficiency, cost-effectiveness, and scalability. Therefore, there is a need for an innovative and sustainable solution to recycle waste plastic sand into valuable products."

1.16 Justification

1. Environmental benefits*: Recycling waste plastic sand reduces environmental pollution, conserves natural resources, and promotes sustainability.

2. Economic benefits*: Developing a cost-effective recycling technology can create new business opportunities, generate employment, and reduce waste management costs.

3. Innovation: The single screw waste plastic sand recycling machine project offers an innovative solution to address the challenges associated with waste plastic sand recycling.

4. Scalability:  The  technology  has  the  potential  to  be  scaled  up  for  industrial

applications, making a significant impact on waste reduction and recycling.

By addressing the challenges associated with waste plastic sand recycling, your project can contribute to a more sustainable and environmentally friendly solution.

1.17 Scope of the Project

The scope of single screw waste plastic sand recycling machine include:

1. Design and development: Designing and fabricating a single screw extruder for recycling waste plastic sand.

2. Material processing: Processing waste plastic sand into a usable form for various applications.

3. Product development: Developing products from recycled plastic sand, such as construction materials or other value-added products.

4. Testing and evaluation: Testing and evaluating the performance of the machine and the quality of the recycled products.

CHAPTER TWO

2.0 Analysis of method of preparing plastic sand extrudate for block making

2.1. Raw materials collection and preparation

The Polyethylene Terephthalate (PET) used in this study was sourced from plastic waste that is improperly disposed of in various streets, primarily consisting of bottles used for serving drinks. The collected plastic waste was carefully washed, thoroughly cleaned, and dried to remove any impurities that could hinder the melting process. Finally, the cleaned plastic was shredded into smaller pieces for further processing. Sand was collected from a depositional area on the Street, and was properly prepared for particle size distribution analysis.

The collected sand was left to dry for two days to remove residual moisture before being sieved using a sieve shaker for proper grading. The measured physical properties of natural sand are presented in detail in Table 1. In the context of plastic-sand paving block production, a sieve analysis was conducted to ensure uniform particle sizes of fine aggregates, which enhances compaction, reduces void ratios, and improves strength [39].

Table 1. Properties of natural sand.

[image: image1.jpg]



	Property
	Sand

	
	

	Specific gravity (%)
	2.60

	Water absorption (%)
	0.17

	Bulk density (kg/m3)
	1480

	Fineness modulus
	2.65


2.2. Batch formulation and production

Six mix designs were prepared by varying the proportion of plastic and sand in terms of weight percentage. Table 2 presents a progressive variation of the plastic-sand mixtures, ranging from PSP-R10 (10 % plastic, 90 % sand) to PSP-R60 (60 % plastic, 40 % sand). As the plastic content increases, the material shifts from being sand-dominant to a plastic-based composite.

Table 2. Plastic-sand paving blocks batch formulation.
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Mix ratios
	Plastic waste (wt.%)
	Sand (wt.%)

	
	
	

	PSP-R10
	10
	90

	PSP-R20
	20
	80

	PSP-R30
	30
	70

	PSP-R40
	40
	60

	PSP-R50
	50
	50

	PSP-R60
	60
	40


The shredded plastic wastes were melted in a metal container and mixed with the prepared sand in the correct proportions according to Ref. [40] as shown in Table 2 (see Fig. 1). The plastic material is first shredded and melted in a container at a temperature of 250 °C, after which sea sand is added in the specified ratios PSP-R10 (10 % plastic, 90 % sand) to PSP-R60 (60 % plastic, 40 % sand). When a plastic was fully melted the sand was gradually added and the hot mixture was continuously stirred using a strong metal rod to ensure even coating of sand particles with molten plastic. The rhombus-shaped mold, with dimensions of 135 x 135 × 60 mm, was cleaned with a dry cloth, and oil was applied to its surface. The homogenized hot mixture was then carefully poured into the mold, compacted to eliminate internal voids, and left to dry for 4 h. After this, the mold was removed, and the specimen was allowed to cool naturally in the air as shown in Fig. 2.
[image: image3.jpg]



Fig. 1. Photograph of Plastic waste and sand collected.

[image: image4.jpg]




CHAPTER THREE

3.0
MATERIAL AND METHOD

Material selection is crucial for ensuring the mechanical integrity, thermal resistance, and cost-effectiveness of the machine components. The materials must meet operational requirements while being readily available and affordable.

3.1
MATERIAL

· Mechanical Strength: Materials must resist stresses and fatigue during operation.
· Thermal Resistance: Components exposed to heat, such as the heating chamber and extrusion die, require materials that maintain strength at elevated temperatures.
· Corrosion Resistance: To ensure longevity, especially if exposed to moisture or chemical residues.
· Machinability: Materials should be easy to machine, weld, and repair.
· Cost and Availability: Preference for locally sourced materials to reduce procurement time and cost.
3.1.1
DESCRIPTION OF COMPONENT PARTS WITH PICTURE

2. Shaft and Screw Conveyor: High-strength mild steel (e.g., ASTM A36 or equivalent) is selected for its good mechanical properties, availability, and ease of fabrication. Heat treatment may be applied to improve wear resistance.

3. Frame and Structural Components: Mild steel channel and angle bars provide a strong, rigid frame that is easy to weld and fabricate.

4. Heating Chamber and Extrusion Die: Stainless steel (e.g., SS304) or heat-treated alloy steel is used to withstand high temperatures (up to 200°C) and resist corrosion. This choice prevents deformation and prolongs component life.

5. Bearings and Seals: Standard industrial ball bearings with appropriate lubrication are selected for smooth operation and longevity.

6. Insulation Materials: High-temperature electrical insulation materials such as mica or ceramic fiber insulation are used around heating elements to minimize heat loss.

3.1.2
Description of working principle

1. Mass of Plate

Top view of a circular plate with dimensions:

Outer diameter: Ø145

Inner diameter: Ø115.2

Depth: 50

Hole details: Possibly Ø20 × 30 depth

2. Motor Shaft Weight

A helical screw or auger sketch:

Shaft length: 850 mm

Shaft diameter: Ø85 mm

Pitch or screw spacing appears to be marked as B

Sections of the screw:

One end Ø90 mm, length 250 mm

Central shaft with helical blade

Opposite end also marked Ø85 mm

3. Volume of Hopper

Trapezoidal prism shape (hopper):

Top dimensions: 330 mm × 280 mm

Bottom dimensions: 110 mm × 100 mm

Height: 300 mm

4. Mass of Cylinder

Hollow cylinder sketch:

Outer diameter: Ø115 mm

Inner diameter: Ø60.2 mm

Length: 850 mm3.1.3 Material selection for the machine parts

3.2.1
FUNCTIONAL REQUIREMENTS

The single screw waste plastic-sand recycling machine is designed to convert waste plastic, specifically High-Density Polyethylene (HDPE), into sand-like granules that can be reused in construction or other applications. The functional requirements of the machine are as follows:

· Throughput Capacity: The machine must process approximately 265 kilograms of plastic waste per hour. This throughput ensures operational efficiency suitable for small to medium-scale recycling operations.
· Operating Temperature: The machine must reach and maintain a temperature around 200°C, sufficient to melt HDPE plastic without degrading the material properties.
· Screw Speed: The screw conveyor will operate at an approximate rotational speed of 268 revolutions per minute (rpm), optimized to balance plastic feed rate and energy consumption.
· Mechanical Power: The machine’s motor should provide adequate power to rotate the screw conveyor under load, overcome frictional forces, and drive the extrusion process.
· Material Handling: The machine must be capable of continuous feeding and extrusion without clogging, ensuring uniform plastic melt flow.
· Safety and Durability: All components must be designed with operator safety in mind, incorporating appropriate guarding and heat insulation. The machine should withstand mechanical and thermal stresses encountered during operation.
· Cost and Maintainability: Preference is given to using locally available materials to minimize cost and ease maintenance or repairs.
3.2 .2
DESIGN ASSUMPTIONS

The design and calculations for the single screw waste plastic-sand recycling machine are based on several engineering assumptions necessary to simplify the modelling process and ensure practical feasibility. These assumptions are aligned with the typical behaviour of HDPE plastic and mechanical design principles:

· Material Properties: The primary plastic material used in this project is High-Density
Polyethylene (HDPE), which has a density (ρ) of approximately 950 kg/m³, a melting temperature range between 130°C and 160°C, and a specific heat capacity (c) of about 2.3 kJ/kg·K. These values are standard and derived from engineering handbooks.

· Feed Characteristics: The plastic feed is assumed to be shredded into uniform granules with a consistent particle size to ensure smooth feeding and melting. This avoids blockages and ensures even heating.
· Operating Conditions: The machine will operate continuously with a steady-state temperature of 200°C maintained throughout the heating and extrusion chambers. Ambient temperature is assumed to be 30°C.
· Mechanical Behaviour: Frictional losses within the screw conveyor and bearings are considered moderate, and no extreme wear or failure occurs during operation.
· Power Transmission: Motor power loss through the coupling and gearbox is estimated at about 10% of the rated power.
· Screw Conveyor Geometry: The screw pitch is assumed equal to the screw diameter (standard practice), and the compression ratio of the feed to metering zone is 3:1.
· Thermal Efficiency: Heating elements are assumed to operate at approximately 60% efficiency due to heat losses to the environment and insulation.
· Safety Factors: A safety factor of 1.5 is applied to mechanical design parameters such as shaft diameter and motor power to ensure reliability under fluctuating loads (Akinsola & Afolabi, 2014).
3.3
SCREW CONVEYOR DESIGN

The screw conveyor is a crucial component responsible for conveying, compressing, and melting the plastic material through the machine. The design aims to balance throughput, power consumption, and mechanical robustness.

3.3.1
SCREW GEOMETRY AND DIMENSIONS

· Screw Diameter (D): The screw diameter is selected based on typical small-scale recycling machines and practical fabrication limits. For this design, a diameter of 75 mm (0.075 m) is chosen (Akinsola & Afolabi, 2014).
· Screw Pitch (P): The pitch is the axial distance between two consecutive screw flights and is set equal to the diameter (P = D = 0.075 m), following common engineering standards for efficient conveying (Onyewuenyi & Ezeokonkwo, 2016).
· Length-to-Diameter Ratio (L/D): To ensure adequate melting and compression of the plastic, an L/D ratio of 20 is selected. This implies a screw length (L) of 1.5 m (L = 20 × D) (Bamiro & Babatunde, 2012).
· Compression Ratio (CR): The compression ratio, which is the ratio of the feed zone depth to the metering zone depth, is set at 3:1. This gradual reduction in channel depth aids in compacting and melting the plastic as it moves along the screw (Okonkwo & Ugochukwu, 2015).
3.3.2
THROUGHPUT CALCULATION

The theoretical volumetric throughput (Q_v) of the screw conveyor can be estimated using the following formula:

3.3.2.1 Volumetric Throughput Formula

The formula used to calculate the theoretical volumetric throughput of a screw conveyor is standard in machine and agricultural design engineering (Akinsola & Afolabi, 2014; Bamiro & Babatunde, 2012).
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	4
	
	

	
	
	
	


Where:

· D= Screw diameter (m)
· P = Screw pitch (m)
· N = Screw speed (revolutions per second)
· η= Efficiency factor accounting for slip (usually 0.3 to 0.7)
3.3.2.2 Input Parameters and Assumptions

The assumed parameters such as screw diameter, pitch, and efficiency factor (η) follow common engineering practices (Onyewuenyi & Ezeokonkwo, 2016).

Given:

· D=0.075 m
· P=0.075m
· N=26860 ≈ 4.47 rev/s
· η=0.5 (assumed)
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Calculating volumetric flow:

=   (0.075)2 × 0.075 × 4.47 × 0.5 = 0.007 3/   4
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The mass flow rate Qmis:

=
×
= 950
3 × 0.007 = 6.65     /  
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This theoretical value is much higher than the target throughput of 265 kg/hr (which is about 0.074 kg/s). The difference accounts for practical inefficiencies, intermittent feeding, and operational safety margins.

3.4
SCREW CONVEYOR ZONES

The screw is divided into three functional zones:

· Feed Zone: The channel depth is largest to accommodate the incoming plastic granules without clogging.
· Compression Zone: Channel depth reduces gradually, compressing the plastic, increasing pressure and temperature for melting.
· Metering Zone: The smallest channel depth where the melted plastic is conveyed uniformly to the extrusion die (Okonkwo & Ugochukwu, 2015).
3.5
SCREW SPEED AND POWER REQUIREMENT

The selected screw speed of 268 rpm ensures sufficient plastic flow and melting rate without excessive mechanical wear or energy consumption.

The torque and power required to rotate the screw conveyor under load will be calculated in the next sections, considering frictional losses, plastic viscosity, and mechanical resistance (Akinsola & Afolabi, 2014).

3.6
MOTOR POWER CALCULATION

The motor power calculation is essential to ensure the machine’s motor can provide sufficient torque to rotate the screw conveyor under load and overcome all resistive forces during operation. This includes the torque needed to convey the plastic material, frictional losses in bearings and gears, and the power required to drive the extrusion process (Olawale & Ajiboye, 2016).

3.7
TORQUE CALCULATION

The torque TTT required to rotate the screw can be estimated based on the force needed to push the plastic through the barrel and the radius at which this force acts according to Ogunniyi (2019):

3.7.1 Torque Calculation

This section explains how torque is calculated using the formula:

	=  ×------------------------------
	(3.7.1)


Where:

· FFF is the axial force exerted on the screw due to the resistance of plastic flow and friction (in Newtons),
· rrr is the radius of the screw (half of the screw diameter).
Assuming the axial force FFF is approximately 120 N (based on empirical data for similar machines processing plastic of this type), and the screw radius − 0.0752 − 0.0375  , the torque is:
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− 120 × 0.0375 − 4.5

3.1.2
POWER CALCULATION

The power P required by the motor can be calculated from the torque and angular velocity

ω:

3.7.2 Power Calculation

This section explains how power is calculated using:

	=  ×------------
	(3.7.2)


3.7.3 Angular Velocity

This subsection defines  and calculates it from the given speed.

Where:

= 2    
………….
(3.7.3)

and N is the rotational speed in revolutions per second.

Given:

· N=26860 = 4.47 rev/s
· ω=2π×4.47=28.08 rad/s
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the mechanical power required is:

= 4.5 × 28.08 = 126.36

This calculated power is only the mechanical power needed to overcome torque due to plastic flow. To account for mechanical losses, friction in bearings, coupling losses, and an operational safety factor (usually 3 to 5), the motor power rating is increased significantly.

Assuming a safety factor of 5:

= 126.36 × 5 = 632
≈ 0.63

For industrial reliability and future scalability, a motor of 15 HP (approximately 11 kW) is selected, which provides ample power margin to handle startup loads, sudden jamming, and sustained operation without overheating.

3.8
HEATING REQUIREMENT

The heating system’s role is to provide sufficient thermal energy to melt the plastic granules as they are conveyed through the machine. The calculation determines the heating power necessary to raise the plastic temperature from ambient to the desired processing temperature.

3.8.1
HEAT ENERGY CALCULATION

	The required heating power Q is calculated using the equation:

=  ×  × ∆  ----------------------
	(3.8.1)


Where:

· m is the mass flow rate of plastic (kg/s),
· c is the specific heat capacity of the plastic (kJ/kg·K),
· ΔT is the temperature difference between ambient and melting temperature (K or °C).
Given:

· = 2653600    /ℎ   − 0.0736     /  ,
· = 2.3     /    \            ,
· ∆   = 200°   − 30°   − 170°  ,
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The heat power needed is:

28.8    

= 0.0736 × 2.3 × 170 −
= 28.8    
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3.8.2
ADJUSTING FOR EFFICIENCY

Considering heat losses due to imperfect insulation and heating element inefficiencies, thermal efficiency is assumed to be around 60%. Therefore, the actual power supplied by the heaters Qactual

	
	=
	
	
	−
	28.8
	− 48    

	
	
	
	
	
	
	

	
	0.6
	0.6
	

	
	
	
	


3.8.3
HEATER SPECIFICATION

To meet this heating requirement, the machine will be equipped with electric heating elements capable of delivering around 48 kW in total. This can be configured as multiple heater units, for example:

· Four 3 KW heaters
These heaters will be strategically positioned around the heating chamber to ensure uniform temperature distribution and avoid hotspots that could degrade the plastic.

3.9
SHAFT DESIGN

The shaft is a critical component that transmits torque from the motor to the screw conveyor. Its design must ensure sufficient strength to resist torsional stress and bending moments while maintaining durability under continuous operation.

3.9.1 DESIGN CRITERIA

The shaft must withstand:

· Torsional Stress due to the transmitted torque,
· Bending Stress from the weight of the screw and any misalignment,
· Fatigue stresses from cyclic loading during operation.
A safety factor is applied to accommodate unexpected overloads and material imperfections.

3.9.2
SHAFT DIAMETER CALCULATION

The diameter d of the shaft can be calculated using the torsion formula for circular shafts:

	τ =
	  ×  
	----------------(3.9.2)

	
	
	

	
	
	


Where:

· τ = allowable shear stress of shaft material (Pa),
· T= torque (Nm),
· = 2 =outer radius of the shaft (m),
· = 324 = polar moment of inertia of shaft cross-section (m4^44).
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Rearranging for diameter d:
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	3
	16  
	

	= √
	
	----------------- (3.9.2.1)

	
	
	

	
	
	


Given:

· Torque T=4.5 Nm(from section 3.4),
· Allowable shear stress τ=40 MPa=40×106 Pa (typical for mild steel with safety factor),
Calculate:

	
	3√
	16 × 4.5
	
	= 3√
	
	− 0.0082   = 8.2

	=
	
	
	
	
	5.73 × 10−7
	

	
	
	×40×10
	6
	
	
	

	
	
	
	
	
	
	



Considering bending and fatigue, a larger diameter is recommended. The shaft diameter is therefore selected as 25 mm to ensure durability, ease of manufacturing, and compatibility with standard bearings.

3.10
KEYWAY AND COUPLING

The shaft will include a keyway to connect with the screw conveyor and motor coupling, designed according to standard machine element design practices. The coupling allows for easy assembly and maintenance.

3.11
PERFORMANCE TESTING PROCEDURES

Performance testing is vital to validate the design assumptions and ensure that the fabricated single screw waste plastic-sand recycling machine meets the intended operational goals. The tests focus on evaluating throughput, energy efficiency, product quality, and machine reliability under practical working conditions.

3.11.1 TEST SETUP

The machine is operated in a controlled workshop environment, equipped with sensors and monitoring equipment. Standardized plastic waste material, pre-shredded to uniform granule size, is used as feedstock to ensure consistency across tests.

3.11.2 THROUGHPUT MEASUREMENT

· Objective: To measure the mass of plastic processed per hour and verify if the machine meets the design target of approximately 265 kg/hr.
· Method: Plastic granules are fed continuously into the hopper. The output product is collected over a timed interval (e.g., 30 minutes), weighed using an electronic scale, and extrapolated to hourly throughput.
· Parameters Monitored: Feed rate, screw speed (rpm), and motor load.
3.11.3 TEMPERATURE AND HEATING PERFORMANCE

· Objective: To ensure the heating chamber maintains the target melting temperature of 200°C for efficient plastic melting.
· Method: Temperature sensors placed at critical points (hopper, heating chamber, extrusion die) record thermal data during operation.
· Analysis: Temperature stability and uniformity are checked against set points to confirm heating system performance.
3.11.4 ENERGY CONSUMPTION

· Objective: To evaluate the machine’s energy efficiency by measuring electrical power consumption relative to plastic processed.
· Method: Power meters record the energy usage of both the motor and heating elements during test runs.
· Metric: Energy consumption is expressed in kJ/kg of plastic processed.
3.11.5 PRODUCT QUALITY ASSESSMENT

· Objective: To assess the physical and mechanical quality of the recycled plastic-sand.
· Method: Visual inspection, particle size analysis, and hardness testing are conducted on the output material.
· Criteria: Consistency of particle size, absence of unmelted plastic chunks, and suitability for intended reuse.
3.11.6 DURABILITY AND RELIABILITY TESTING

· Objective: To test the machine’s ability to operate continuously without failure.
· Method: The machine is run over extended periods (e.g., 8 hours) while monitoring mechanical vibrations, noise levels, and temperature.
· Inspection: Post-test inspection identifies wear, deformation, or overheating issues.
3.12
DATA COLLECTION AND ANALYSIS

Accurate data collection and rigorous analysis form the backbone of performance evaluation and subsequent design optimization.

3.12.1 DATA ACQUISITION TOOLS

· Sensors: Temperature probes, torque sensors on the motor shaft, flow meters for throughput, and power meters for energy consumption.
· Data Loggers: These devices continuously record sensor outputs, enabling detailed time-series analysis.
· Manual Measurements: Weight measurements using precision scales and visual inspection results.
3.12.2 DATA ANALYSIS TECHNIQUES

· Statistical Analysis: Descriptive statistics (mean, standard deviation) are used to summarize throughput, temperature, and energy consumption data.
· Graphical Analysis: Performance curves and time-series plots visualize the relationship between operational parameters (e.g., motor speed vs. throughput).
· Comparative Analysis: Machine performance is compared against design targets and similar recycling systems to benchmark efficiency.
· Failure Mode Identification: Data trends and anomalies are analyzed to identify potential points of failure or inefficiency.
3.12.3 OPTIMIZATION RECOMMENDATIONS

Based on the analysis, recommendations for improving machine performance are formulated.

These may include:

· Adjusting screw pitch or speed for higher throughput,
· Enhancing heating element placement for better temperature uniformity,
· Modifying the hopper design to improve feed consistency,
· Upgrading bearings or seals to reduce mechanical losses.
3.12.4 MIXING RATIO FOR BRICLY BLOCK MAKING AND MOULD TYPES

Analysis of method of preparing plastic-sand extricate for block making

The materials used for the fabrication of the plastic sand bricks are the PET bottles and river bed sand. For this plastic PET bottles are collected and sorted. Generally the cold drinks bottle are made of PET and those bottles are used for the purpose of fabricating the bricks. The PET bottles cannot be used as they are in usual shape and size, for our use the bottles need to be cut into smaller pieces of same size. First of all the bottles are cleaned and dried to remove

moisture. Then these bottles are cut into smaller pieces, in this case we used a shredder for shredding the plastic into smaller pieces[4].The plastic is melted in a drum and sand is mixed with it form the bricks. The processes can be explained as follows:

3.12.5 Collection of Material

The process is incredibly simple. Put the dustbin in the canteen for collection of waste bottles. Select the plastic bottles of cold drinks and water from canteens. Bring river sand for plastic brick. IS2386 (Part- I) The more you collect the more plastic you will divert from the landfill or clean up out of the environment.

3.12.6 Fixing the Proportion of Sand and Plastic

For the fabrication of plastic sand bricks, plastic and sand are mixed in different proportions and bricks containing different amount of plastic and sand are made. Plastic and river sand are mixed in different ratios 1:2, 1:3, 1:4. The reason behind taking different proportions of plastic and sand is to find the optimum proportion which gives the desired results. The bricks made of these ratios will further be investigated for various desired properties.

Table 1: Mixing Proportions

	
	Mixing Ratio
	1:2
	1:3
	1:4

	
	
	
	
	

	
	For 1 brick (in
	1100:2200
	850:2550
	650:2600

	
	gram)
	
	
	

	
	
	
	
	

	
	
	2200:4400
	1700:5100
	1300:5200

	
	For 2 bricks ( in
	
	
	

	
	grams)
	
	
	

	3.12.7 Preparation of Brick Mould
	
	
	


The moulds used are wooden moulds and are made in the carpentry shop. All the sides and surfaces of the mould should be even for the brick to have better surface finish. Both fixed and movable moulds can be used for the purpose. Wooden mould will be cost effective and serve the purpose whereas if better surface finish is needed then cast iron moulds can be used. Mould size would be (230*100*75) mm.


Fig 1 : Mould preparation in the

carpentry shop

2.3.1 Procedure of Casting Plastic Sand Bricks


Batching
Burning
Mixing
Moulding

Fig 2: Process of Casting Plastic Sand Bricks

The procedure of casting plastic sand bricks is a simple one. The first step is batching in which sand and plastic waste i.e. PET bottles are weighed. Then different proportions according to the weight are taken for casting the bricks. After that burning of the firewood is done and a drum is placed on the fire, the plastic pieces are added in the drum to melt. Then mixing of the melted plastic with sand is done by adding sand in the drum and stirring it continuously. Lastly the mixture obtained after continuous stirring is fed into the mould and compressed by tamping rod and left for cooling for 24 hours after which the brick is taken out from the mould.

3.12.8 Batching

Measurement of materials is known as batching .The waste bottles are rinsed with water and then dried after which the weights of bottles are measured. Sieving of sand is done by 600 micron sieve[1] and this sand will be used for making bricks .Various proportions of plastic bottles with sand is taken for bricks. The different ratios we used are 1:2,1:3 and 1:4.


Fig 3 : Sand sieving process on the sand

sieving machine on 600 micron gauge.


Fig 4: The weighing of sand(left) and

plastic(right) for the batching process

Burning

In this burning of plastic bottles is done. Plastic bottles are cut into pieces and then these pieces are put in drum for melting. In the first step stones, drum and firewood are arranged. The stones hold the drum and the firewood is ignited. Drum is heated to remove moisture from the drum. The plastic is then put into the drum and allowed to melt.

Mixing

Pieces of plastic are added into drum for melting until the proportion required by us is achieved. River sand is used for addition in plastic sand mixture. When the temperature of the melted plastic in the drum is around 180oC-200oC then the sand is added into the drum. The river sand and the melted plastic is stirred continuously so that both gets bonded perfectly. As the plastic pieces melts it start getting bonding with the sand particles and hence the mixture required for brick is created.

3.12.9 Moulding

In moulding process the prepared mixture is then filled into wooden mould and then compressed by tamping rod. The pressure is applied by the tampering rod so as the mixture gets filled properly in the mould. Then it is left for cooling in air but before filling the mould apply oil on the walls of mould so that at last brick can be removed easily. The application of oil on the inner surfaces of the mould is must as after solidification the brick will not come out easily and to remove the mould some pressure must be applied that would wear the edges of the brick. So proper oiling is needed before filling the mixture in the mould. The brick then can be removed from mould after 24 hours.


Fig 5 : Plastic Sand Brick after

removing it from the mould

3.13.
TESTS ON BRICK

Compression Strength test (BS 5628: Part 1: 1992)

In this test, the cubical brick specimen is placed in the compression strength testing machine. After placing it we will apply the load on the brick without any shock. The load will be increased at a rate of 140kg/cm2 min continuously till the specimen’s resistance to increasing load breaks down and it cannot withstand any greater load further. Recording the maximum load

applied to the brick specimen and the appearance and type of failure is also noted along with any unusual features.

	COMPRESIVE STRENGTH= MAXIMUM LOAD APPLIED
	

	SPECIMEN AREA
	(1)


=F/A

Where,

F -Maximum load applied (KN)

A – Specimen Area (mm2)

Table 2: Result of compressive strength test

Table 2.1: Compressive strength for 1:2 plastic to sand ratio, Plastic Sand Brick


Plastic Sand Brick (1:2 Ratio)



Maximum Load(KN)



Compressive Strength(kg/cm2)

Specimen 1

Specimen 2

Specimen 3


Table 2.2: Compressive strength for 1:3 plastic to sand ratio, Plastic Sand Brick

	Plastic Sand Brick (1:3 Ratio)
	Maximum Load(KN)
	Compressive Strength(kg/cm2)

	
	
	
	
	

	Specimen 1
	
	
	

	
	
	
	
	

	Specimen 2
	
	
	

	
	
	
	
	

	Specimen 3
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	



Table 2.3: Compressive strength for 1:4 plastic to sand ratio, Plastic Sand Brick


Plastic Sand Brick (1:4 Ratio)



Maximum Load(KN)



Compressive Strength(kg/cm2)

Specimen 1

Specimen 2

Specimen 3


Fig 6 : Compression strength test on brick to determine the load carrying capacity of bricks under compression

3.13.1 Water Absorption test (ISS 1077-1970)



Fig 7: Brick after the compressive strength test, failure due to compressive load

In this test at first the bricks are weighed in total dry conditions. Then they will be allowed to be dipped in fresh water for about 24 hours in a container. The bricks are taken out of the water after 24 hours and are wiped with a cloth.

The wet brick is weighed using a weighing machine. For the calculation of water absorption, the difference between wet brick and dry brick is done. The difference is the amount of water absorbed by the brick. After that the percentage of water absorption is calculated using the data.

Water absorption of bricks tells about the bonding of bricks with mortar. Although other factors such as grooves and design on bricks also improve the bonding. For sand bricks which have less water absorptivity leaner mortar layer is used for bonding bricks and mortar.

Greater quality bricks absorb less amount of water. For a good quality brick the water absorption should be less than 20% of its own weight.

Water absorption = {[Weight of wet brick–Weight of dry brick]/Weight of dry brick}*100

Table 3: Results of Water Absorption test

Table 3.1: For 1:3 ratios plastic to sand bricks, the water absorption is given below

	1:2 Ratio Brick
	W1(kg)
	W2(kg)
	Water Absorption (in %)
	

	
	
	
	
	
	
	
	
	
	
	

	Specimen 1
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Specimen 2
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Specimen 3
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	



Table 3.2: For 1:3 ratios plastic to sand bricks, the water absorption is given below.

	1:3 Ratio Brick
	W1(kg)
	W2(kg)
	Water Absorption (in %)

	
	
	
	

	Specimen 1
	2.532
	2.601
	2.723

	
	
	
	

	Specimen 2
	2.498
	2.564
	2.642

	
	
	
	

	Specimen 3
	2.594
	2.678
	3.238

	
	
	
	




Table 3.3: For 1:4 ratios plastic to sand bricks, the water absorption is given below.

	1:4 Ratio Brick
	W1(kg)
	W2(kg)
	Water Absorption (in %)

	
	
	
	
	
	
	

	Specimen 1
	2.411
	2.516
	
	4.351

	
	
	
	
	
	
	

	Specimen 2
	2.397
	2.492
	
	3.963

	
	
	
	
	
	
	

	Specimen 3
	2.456
	2.568
	
	4.560

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



3.13.2 Efflorescence test

The standard used for the test is ISS 1077-1970. It is done to detect the presence of alkalis in PET bricks which is harmful. The alkalis form a grey or white patch on the surface of the brick. A flat bottom container is used in which sufficient distilled water is poured. The depth of immersion is 25mm.The brick is immersed into the distilled water and left for 24 hours. The

container is covered with a glass sheet to prevent excessive evaporation.[5]After that the brick is removed from the container and left to dry for the same amount of time wherein the same amount of water must have evaporated from the open container without the brick or the sheet.

Table 4: Alkali presence in the bricks as appeared on the surface

	Nil
	0%

	
	

	Slight
	Up to 10%

	
	

	Moderate
	10% to 50%

	
	

	Heavy
	More than 50% without powdered flakes

	
	

	Serious
	More than 50% with powdered flakes

	
	


The efflorescence in the brick can be categorised into the above categories on the basis of area covered by salt/alkalies.

3.13.3 Fire resistance test

The standard used for the test is BIS 3809 1979. The plastic alone is readily susceptible if not flammable to elevated temperatures and in case of fire, the sand and plastic mixture may withstand temperatures that plastics alone usually cannot.[9]

It has been observed that the structural integrity of the bricks holds very well up to 180oC. In this test we will first heat and maintain the brick at the standard testing temperature in the furnace and then we will do the compressive strength test to check whether the properties change or not.

3.13.4. Test to determine the Relative rise in temperature of Plastic Sand Brick and Clay

Bricks:

The set up used simply demonstrated the rise in temperature in the bricks when fire or heat was presented on one side of the wall. Both type of bricks were used to form a wall partition and on one side of it burning coal with an average temperature of 500o C was applied. The chamber that contained burning coal was insulated to remove heat losses. Gradually the temperature of the bricks increased. It was noticed that the clay brick’s temperature increased more rapidly than the temperature of plastic bricks.

Although, this confirms that the conductivity of plastic brick is lower than the clay bricks, continuous exposure to higher temperatures above 350o C led to partial melting of the brick. This makes these plastic bricks unsuitable to be used where fire risks are present.

Table 5: Increase in Temperature of Plastic Bricks and Clay Bricks

	
	
	
	
	1:2 Plastic: Sand Brick
	1:3 Plastic: Sand Brick
	Clay Brick

	
	
	
	
	
	
	
	

	Initial Temperature(o C)
	36.0
	
	35.8
	
	36.2
	

	
	
	
	
	
	
	
	
	
	

	Temperatue
	After
	30
	41.2
	
	41.7
	
	43.8
	

	minutes(oC)
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	Temperatue
	After
	45
	45.2
	
	46.4
	
	54.3
	

	minutes(oC)
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	



CHAPTER FOUR

MATERIAL SELECTION, FABRICATION DETAILS, TESTING AND RESULTS

4.1 Material Selection

The materials selected for the fabrication of the single screw waste plastic-sand recycling machine were carefully chosen to ensure durability, high performance, resistance to wear, and cost-effectiveness. The selection criteria were based on mechanical properties, thermal resistance, machinability, and availability.

Table 4.1: Selected Materials and Their Functions

	Component
	Material
	Reason for Selection
	

	
	
	
	
	

	Screw (Single Helix)
	Mild Steel (EN8)
	High
	strength,
	good

	
	
	machinability, and ability to

	
	
	withstand torsion.
	

	
	
	
	
	

	Barrel
	Stainless Steel (SS304)
	High
	corrosion
	resistance,

	
	
	thermal    durability,
	and

	
	
	smooth surface.
	
	

	
	
	
	
	

	Hopper
	Mild Steel Sheet
	Lightweight,
	easy
	to

	
	
	fabricate, and costeffective.

	
	
	

	Heating Elements
	Nichrome Wire
	High-temperature resistance

	
	
	and uniform heat
	
	

	
	
	distribution.
	
	

	
	
	

	Bearings and Bushes
	Hardened Steel
	High load-carrying capacity

	
	
	and wear resistance.
	

	
	
	
	

	Motor Frame and Stand
	Mild Steel Angle Iron
	Strong
	structural   support

	
	
	and easy welding.
	

	
	
	
	
	

	Die/Nozzle
	Stainless Steel
	High
	temperature
	and

	
	
	corrosion resistance,
	

	
	
	
	

	
	
	smooth extrusion.
	

	
	
	
	

	Coupling and Gear System
	Alloy Steel
	Good
	torque  transmission

	
	
	and high fatigue strength.

	
	
	
	
	
	



4.2 Fabrication Details

The fabrication of the single screw waste plastic-sand recycling machine involved several processes, including cutting, machining, welding, and assembly. The steps are outlined as follows:

4.2.1 Machine Design and Layout

The machine was designed to include the hopper, screw extruder, barrel with heaters, motor and gear system, die, and supporting frame. A 3D layout drawing was prepared to ensure proper alignment of components and ease of maintenance.

4.2.2 Fabrication Process

1. Screw Fabrication:

· Mild steel rod (Ø 40 mm) was machined on a lathe to form a single helical screw. - The pitch and diameter were calculated to ensure effective conveying and mixing of sand and molten plastic.

2. Barrel Construction:

- A stainless steel pipe (Ø 50 mm, L=600 mm) was cut and polished internally. - Nichrome heating elements were wound around the barrel with insulating material to maintain heat efficiency.

3. Hopper and Frame:

· Mild steel sheet was cut, bent, and welded to form the hopper.

· The frame was constructed using 40 × 40 mm angle iron and welded to support the barrel and motor assembly.

4. Motor and Gear Installation:

· A 2 hp electric motor was coupled to a reduction gearbox.

· Bearings were installed to reduce friction and ensure smooth screw rotation.

5. Assembly and Finishing:

· All components were aligned and bolted to the frame.

· The die/nozzle was attached at the barrel outlet for extrusion of the plastic-sand mixture. - Electrical wiring of heaters and control switches was completed, and the machine was painted for corrosion protection.

4.3 Testing of the Machine

The performance of the machine was tested using shredded waste plastic (LDPE/HDPE) and dry sand in different ratios. The testing focused on the following:

1. Plastic Melting Efficiency

2. Mixing Uniformity

3. Output Capacity

4. Energy Consumption

5. Product Quality (Compressive strength and water absorption) Testing Procedure:
· Plastic and sand were mixed in ratios of 1:1, 1:2, and 1:3 by weight.

· The machine was preheated to 180–200°C before feeding the mixture.

· The extruded product was collected, cooled, and molded into small paver-like samples for testing.

4.4 Results and Performance Evaluation

Table 4.2: Machine Performance Results

	Plastic:Sand
	Output (kg/hr)
	Energy
	Compressive
	Water

	Ratio
	
	Consumption
	Strength
	Absorption (%)

	
	
	(kWh)
	(N/mm²)
	

	
	
	
	
	


4.4 Results and Performance Evaluation

Table 4.2: Machine Performance Results

	Plastic:Sand
	Output (kg/hr)
	Energy
	Compressive
	Water

	Ratio
	
	Consumption
	Strength
	Absorption (%)

	
	
	(kWh)
	(N/mm²)
	

	
	
	
	
	

	1:1
	8
	1.5
	12.5
	2.8

	
	
	
	
	

	1:2
	10
	1.7
	15.2
	2.1

	
	
	
	
	

	1:3
	7
	1.6
	13.1
	2.3

	
	
	
	
	


4.5 Discussion of Results

The fabricated machine successfully recycled waste plastic into a usable plastic-sand composite. The single screw system effectively mixed and extruded the materials at an optimal speed. The final product showed high strength and low water absorption, making it suitable for paver blocks and tiles. Performance can be further improved by adding temperature automation and better insulation to reduce heat loss.

CHAPTER FIVE

1.0
RECONMENDATION AND CONCLUSION

1. Material Selection:

The choice of material is crucial for the system's performance. Factors like reflectivity, durability, and cost-effectiveness should

2. System Design:

The system's design should consider the material's properties be considered, especially when dealing with concentrated solar power (CSP) to optimize sunlight absorption and energy conversion. This may involve using systems where the reflecting

material plays a significant role. parabolic concentrators to focus sunlight on the material, or designing solar sscells with specific configurations to maximize efficiency.

5.1
RECONMENDATION

1.
Performance Optimization:

Recommendations should focus on improving the system's efficiency, reliability, and overall performance.

2.
Cost-Effectiveness:

The recommendations should consider the material's cost-effectiveness and the overall cost of the solar power system.

	1.1
	CONCLUSION

	1.
	Overall Performance:


The conclusion should summarize the system's performance under various conditions, highlighting its strengths and weaknesses.

2. Future Research:

The conclusion may also suggest areas for future research and development to further improve the performance of new material-based solar power systems.

APPENDIX A

The key areas covered in this study include:

1. Material Selection and Development

a. Investigation into advanced materials such as perovskites, organic photovoltaics, quantum dots, and other next-generation materials (Akinyemi et al., 2024).

b. Development of hybrid systems combining these new materials with conventional technologies to enhance system performance.

c. Sourcing and preparing materials for use in experimental solar cells and panels (Green, 2020).

2. Characterization of Materials

a. Detailed analysis of the optical, electrical, and thermal properties of the new materials (Adesina et al., 2023).

b. Understanding the factors influencing the performance of these materials, including their efficiency, stability, and scalability.

c. Study of degradation mechanisms and lifecycle analysis to assess durability and longevity under environmental stress (Ogbuonwu et al., 2025).

3. Design and Integration of Solar Power Systems

a. Design of experimental solar power systems using the new materials, including photovoltaic panels, energy storage systems, and balance-of-system components (Enajite et al., 2025).

b. Integration into both small-scale and large-scale installations, focusing on cost-effective, scalable solutions.

c. Exploration of novel configurations and architectures leveraging the unique properties of the new materials (Green, 2020).

4. Performance Testing

a. Extensive testing under controlled and real-world conditions to assess efficiency, power output, and long-term reliability (Ibeh et al., 2022).

b. Comparative evaluation with traditional silicon-based systems on energy conversion efficiency and cost-benefit ratios.

c. Investigation into environmental factors (temperature, humidity, dust, light intensity) on system performance (Adesina et al., 2023).

5. Economic and Environmental Impact Assessment

a. Economic analysis covering installation, maintenance, and lifecycle costs (Adewale et al., 2019).

b. Environmental impact evaluation, including carbon footprint reductions compared to fossil-fuel-based power.

c. Assessment of scalability and environmental footprint through production and end-of-life phases (Ozoemena, 2016).

6. Technological Integration and Commercialization Potential

a. Exploration of integration into current solar infrastructure (Ogbuonwu et al., 2025).

b. Market-readiness assessment, barriers to adoption, and strategies for overcoming cost and scalability issues.

c. Consideration of safety standards, certification, and regulatory requirements (Ibeh et al., 2022).

7. Global and Local Impact

a. Exploration of how these materials can make solar energy more accessible in developing regions and off-grid locations (Enajite et al., 2025).

b. Discussion on the potential for job creation, energy independence, and social impact from broader adoption.

By covering these areas, the study aims to provide a comprehensive understanding of the role that new materials can play in advancing solar power systems, addressing current limitations, and contributing to global renewable energy goals (Adesina et al., 2023; Green, 2020). The findings will serve as a critical resource for engineers, manufacturers, policymakers, and researchers in the field of solar energy.
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