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Abstract- Efficient separation of metallic components
firom mixed waste streams remains a significant challenge
in modern recycling systems, particularly due to the
heterogeneous nature of industrial and municipal waste.
This work presents the design, development, and
performance evaluation of an automated metal sorting
system integrating magnetic separation and eddy current
roller technology. The proposed system operates through
a sequential separation mechanism. Initially, ferrous
materials are extracted using a permanent magnetic
separator based on magnetic attraction principles. The
remaining stream is then processed through a high-speed
eddy current separator, where time-varying magnetic
fields induce circulating currents in conductive non-
ferrous metals, generating repulsive forces that enable
their separation. Non-metallic materials continue along
the conveyor path without significant interaction. A
prototype system was developed consisting of a controlled
feeding mechanism, conveyor belt assembly, magnetic
separation unit, eddy current rotor, and collection bins.
Key operational parameters such as conveyor speed, rotor
speed, and material feed rate were analyzed to evaluate
their influence on separation efficiency and recovery rate.
Experimental observations indicate that proper tuning of
these parameters significantly enhances sorting accuracy
and throughput.

Index Terms- Automated Metal Sorting, Magnetic
Separation, Eddy Current Separator, Non-Ferrous Metal
Recovery, Recycling Technology, Waste Management,
Conveyor-Based Sorting, Material Recovery Efficiency

L. INTRODUCTION

1.1 Background

The rapid expansion of industrial activities,
urbanization, and consumer-driven economies has
significantly increased the generation of solid waste
worldwide. A substantial portion of this waste
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consists of metallic materials originating from
industrial scrap, municipal solid waste, electronic
waste (e-waste), and automobile residues. Metals
such as iron, aluminum, copper, and brass are
valuable resources that can be recovered and reused;
however, their efficient extraction from mixed waste
streams remains a major engineering challenge.

Traditional sorting methods rely heavily on manual
labor, which is not only time-consuming but also
inconsistent in accuracy. Human-based sorting is
inefficient when dealing with large volumes of waste
and poses safety risks due to exposure to sharp,
hazardous, or contaminated materials. As waste
complexity increases, manual methods fail to achieve
the required recovery efficiency and processing
speed.

To overcome these limitations, automated metal
sorting systems have gained attention in modern
recycling  industries. ~Among the available
technologies, magnetic separation and eddy current
separation are widely used due to their reliability,
simplicity, and effectiveness in segregating ferrous
and non-ferrous metals.

1.2 Problem Statement

Despite the availability of existing separation

technologies, current waste sorting systems face

several limitations:

e Incomplete separation of mixed materials, leading
to reduced recovery efficiency

e Difficulty in separating non-ferrous metals from
non-metallic materials

e Dependence on manual intervention in small- and
medium-scale industries
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e Inefficiency in handling varying material sizes
and compositions

e Suboptimal system parameters such as conveyor
speed and rotor speed

Most small-scale recycling setups do not integrate
both magnetic and eddy current separation in a
synchronized manner, resulting in partial automation
and inconsistent output quality.

Therefore, there is a need to develop a compact,
automated, and efficient system capable of accurately
separating both ferrous and non-ferrous metals from
mixed waste with minimal human involvement.

1.3 Aim of the Work

The primary aim of this work is to design, develop,
and evaluate an automated metal sorting system that
integrates magnetic separation and eddy current roller
technology to improve the efficiency and accuracy of
metal recovery from mixed waste materials.

II. LITERATURE SURVEY

The increasing complexity of waste streams has
driven the development of advanced material
separation technologies. Efficient recovery of metals
from mixed waste is critical for reducing
environmental impact and improving resource
utilization. Among various separation methods,
magnetic separation and eddy current separation have
emerged as dominant techniques due to their
reliability and industrial applicability.

However, the performance of these systems is highly
dependent on operational parameters, material
characteristics, and system design. This chapter
critically reviews existing research related to metal
separation technologies and identifies limitations that
motivate the present work.

2.1 Magnetic Separation Technology

Magnetic separation is one of the oldest and most
widely used techniques for separating ferrous
materials. It operates on the principle of magnetic
attraction, where materials with high magnetic
permeability, such as iron and steel, are attracted
toward a magnetic field.
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Studies have shown that magnetic separators such as
drum separators and overband magnets provide high
efficiency in removing ferrous contaminants from
bulk materials. Wills and Finch (2016) highlighted
that magnetic separation is highly energy-efficient
and suitable for continuous industrial operations.

However, several limitations are observed:

o Ineffective for non-ferrous metals such as
aluminum and copper

e Performance depends on particle size and distance
from the magnetic source

e Reduced efficiency when materials are mixed or
overlapped

e Difficulty in handling fine or irregularly shaped
particles

These limitations indicate that magnetic separation
alone cannot achieve complete metal sorting.

2.2 Magnetic Separation Technology

Magnetic separation is one of the oldest and most
widely used techniques for separating ferrous
materials. It operates on the principle of magnetic
attraction, where materials with high magnetic
permeability, such as iron and steel, are attracted
toward a magnetic field.

Studies have shown that magnetic separators such as
drum separators and overband magnets provide high
efficiency in removing ferrous contaminants from
bulk materials. Wills and Finch (2016) highlighted
that magnetic separation is highly energy-efficient
and suitable for continuous industrial operations.

2.3 Eddy Current Separation Technology

Eddy current separation is widely used for extracting
non-ferrous metals from mixed waste streams. It is
based on electromagnetic induction, where a time-
varying magnetic field induces circulating currents in
conductive materials.

According to Rem et al. (2004), eddy current
separators using high-speed rotating permanent
magnets significantly improve the recovery of
aluminum and copper. The induced eddy currents
generate opposing magnetic fields, resulting in a
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repulsive force that separates non-ferrous metals
from the material stream.

2.4 Combined Magnetic and Eddy Current Systems
To overcome the individual limitations of both
methods, researchers have explored hybrid systems
that integrate magnetic and eddy current separation.

Zhang et al. (1998) demonstrated that combining
these technologies improves overall metal recovery
efficiency by enabling sequential separation of
ferrous and non-ferrous materials. Such systems are
commonly used in recycling plants and material
recovery facilities.

Cui and Zhang (2008) further discussed the role of
automation and conveyor-based systems in
improving sorting performance and reducing manual
labor.

III.  SYSTEM DESIGN AND ENGINEERING
ANALYSIS

3.1 System Overview

The automated metal sorting system is designed as a
continuous material handling and separation unit that
integrates mechanical transport with electromagnetic
separation techniques. The system performs
sequential segregation of mixed waste into ferrous
metals, non-ferrous metals, and non-metallic
materials. The overall system consists of the
following major subsystems:

e Feeding mechanism (hopper)

o Conveyor belt system

e Magnetic separation unit

o Eddy current separation unit

e Collection system

e Drive and control system

The design focuses on achieving efficient separation
while maintaining simplicity, low cost, and
scalability.

3.2 System Architecture

The working flow of the system follows a linear
sequence:

Input — Conveyor — Magnetic Separation — Eddy
Current Separation — Output Bins
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Fig 3.1: System Architecture
o Mixed waste is fed through the hopper
e Conveyor transports materials at controlled speed
e Magnetic separator extracts ferrous metals
o Eddy current separator ejects non-ferrous metals
e Remaining materials are collected as waste

3.3 Mechanical Design of Conveyor System

The conveyor system plays a critical role in
determining separation efficiency. Improper speed or
load leads to overlapping materials and poor sorting
accuracy.

3.3.1 Belt Speed Calculation
The conveyor belt speed is calculated using:
v=nDN/60

Where:

e v =belt speed (m/s)

e D = pulley diameter (m)

e N =rotational speed (RPM)

Design Insight

e If speed is too high — materials don’t interact
properly with magnetic field

e If speed is too low — system throughput drops

Optimal speed must balance interaction time +
productivity

3.3.2 Motor Power Requirement
The power required to drive the conveyor is:
P=Fxv

Where:
e F = force required to move load
e v =belt speed
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Force can be approximated as:
F=(m-g-p)

Where:
e m = mass of material
e = coefficient of friction

3.4 Magnetic Separation Unit Design
The magnetic separator is responsible for extracting
ferrous materials based on magnetic attraction.

3.4.1 Magnetic Force Estimation
F=yVBVB/ n0

Where:

e F =magnetic force

e y = magnetic susceptibility

e V =volume of particle

e B =magnetic field strength

e 10 = permeability of free space

Design Observations

e Stronger magnetic field — better separation

e Larger particles — easier to extract

¢ Distance from magnet reduces force significantly

If your magnet placement is wrong, your system
fails—simple as that.

3.5 Eddy Current Separator Design

This is where most students fake understanding.
Don’t. The eddy current separator works on
electromagnetic induction, not magic.

3.5.1 Working Principle

A rotating magnetic rotor creates a time-varying
magnetic field. When conductive materials pass
through this field:

e Eddy currents are induced

o These currents create opposing magnetic fields

e Resulting force repels the material

3.5.2 Induced Current Relation
E=—d®d/dt

Where:

e E =induced electromotive force
o O = magnetic flux
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3.5.3 Separation Force Dependency

The repulsive force depends on:

Electrical conductivity of material

Rotor speed

Magnetic field strength

e Distance from rotor

High rotor speed = stronger eddy currents = better
separation BUT Too high speed = unstable trajectory
+ energy loss

3.6 Design Parameters and Their Impact

Parameter Effect on System
Conveyor Speed Controls interaction time
Rotor Speed Controls separation force

Magnetic Strength | Determines ferrous recovery

Feed Rate Affects material overlap

Particle Size

Influences separation accuracy

3.7 System Optimization Strategy

To achieve maximum efficiency:

e Conveyor speed must allow sufficient exposure
time

e Rotor speed must be optimized (not maximized
blindly)

e Feed rate must be controlled to avoid overlapping

e Magnet placement must ensure maximum field
interaction

Most systems fail not because of design... but
because of poor parameter tuning

3.8 Assumptions

To simplify analysis, the following assumptions are
made:

e Materials are uniformly distributed on conveyor

e Air resistance is negligible

e Magnetic field is uniform in separation zone

e No slippage between belt and pulley

3.9 Limitations of Design

Let’s be honest—no system is perfect.

o Ineffective for very small particles

e Performance reduces with mixed material
layering

e Sensitive to improper speed settings

e Limited efficiency for low conductivity metals
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Iv. FABRICATION, IMPLEMENTATION
AND WORKING

4.1 Introduction

This research paper presents the practical
implementation of the automated metal sorting
system, including component selection, fabrication
process, assembly procedure, and operational
workflow. The focus is on translating the theoretical
design into a functional prototype while addressing
real-world constraints such as mechanical alignment,
material handling, and system stability.

4.2 Components Used
The system is developed using the following major
components:

Mechanical Components

e Mild steel frame structure

e Conveyor belt (rubber/PVC type)

Rollers and pulleys

e Feeding hopper

e Collection bins

Electrical Components

e DC motor (for conveyor drive)

e High-speed motor (for eddy current rotor)
e Power supply unit

e Speed controller

Separation Units

e Permanent magnet (for ferrous separation)
e Rotating magnetic roller (eddy current separator)

4.3 Fabrication of Frame Structure

The frame is fabricated using mild steel due to its
strength, durability, and ease of welding. The
structure is designed to support all components
including the conveyor system, motors, and
separation units.

Key Considerations:
Proper alignment of conveyor system

Vibration reduction

e Adequate height for material flow

e Stability during operation

If your frame vibrates, your separation accuracy
drops. Most students ignore this—and it shows.
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4.4 Conveyor System Assembly

The conveyor system is assembled using:
e Drive pulley connected to motor

o Idler pulley for belt support

e Belt tension adjustment mechanism

Implementation Notes:

e Belt alignment is critical to avoid material drift
e Excessive tension leads to motor overload

e Low tension causes slipping

You don’t get good results unless this is tuned
properly.

4.5 Magnetic Separator Installation
A permanent magnet is placed above or near the
conveyor belt to attract ferrous materials.

Practical Setup:

e Mounted at a fixed height from belt

e Positioned where material flow is uniform
o Shielding used to control magnetic spread

Observations:
e If placed too high — weak attraction
e If placed too low — material sticking issues

Positioning matters more than magnet strength in
small systems.

4.6 Eddy Current Separator Implementation

The eddy current separator consists of a high-speed
rotating magnetic rotor installed at the discharge end
of the conveyor.

Key Features:

e Rotor with embedded permanent magnets
e High rotational speed motor

e Non-magnetic outer shell

Working in Practice:

e As materials leave conveyor edge, non-ferrous
metals are repelled forward

e Non-metallic materials fall normally due to
gravity

Critical Insight:
e Rotor speed must be high but stable

ICONIC RESEARCH AND ENGINEERING JOURNALS 2157



© JUN 2026 | IRE Journals | Volume 9 Issue 12 | ISSN: 2456-8880
DOI: https://doi.org/10.64388/IREV9112-1719087

e Misalignment causes inconsistent separation
e This is the most sensitive part of your system.

4.7 Electrical and Control System
The system uses a basic electrical setup to control
motor operation.

Components:

e DC power supply

e Motor drivers / speed controllers
o Switches for ON/OFF control

Control Strategy:
e Conveyor speed adjusted based on material load
e Rotor speed controlled independently

If both speeds are not coordinated, your system
performance drops

4.8 Assembly Process

The complete system is assembled in the following
sequence:

e Fabrication of supporting frame

o Installation of conveyor system

e Mounting of drive motor

e Placement of magnetic separator

o Installation of eddy current rotor

o Electrical wiring and control setup

e Testing and calibration

4.9 Working Procedure

The system operates through the following steps:

e Mixed materials are fed into the hopper

e Conveyor transports materials at constant speed

e Ferrous metals are attracted and separated by
magnetic unit

e Remaining materials reach eddy current separator

e Non-ferrous metals are repelled and collected
separately.

o Non-metallic materials fall into waste bin

4.10 Practical Challenges Faced
This is where you stop pretending everything was

perfect.

Common Issues:

e Uneven material distribution on conveyor
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o Difficulty in separating small particles
e Belt misalignment during operation

e Variation in separation efficiency

e Rotor vibration at high speed

Solutions Applied:

e Adjusted feed rate manually

e Optimized belt speed

e Improved alignment of components
e Reinforced frame structure

If you remove this section, your thesis looks fake.
Keep it.

4.11 Safety Considerations

e Proper insulation of electrical components
e Avoid direct contact with rotating parts

e Controlled feeding to prevent overload

e Secure mounting of magnets

V. EXPERIMENTAL RESULTS AND
PERFORMANCE ANALYSIS

5.1 Experimental Observations

Test Case 1: Base Condition

Material Input Output Efficiency
Type (kg) (kg) (%)
Ferrous 5.0 4.6 92%

Non- 4.0 3.5 87.5%
Ferrous

Non- 3.0 2.8 93.3%
Metallic

Test Case 2: Increased Conveyor Speed

Conveyor Speed | Efficiency (%)
Low 94%
Medium 90%
High 82%

Observation: Higher speed reduces interaction time
— lower separation efficiency

Test Case 3: Rotor Speed Variation

Rotor  Speed | Non-Ferrous Efficiency
(RPM) (%)

1000 78%

1500 85%
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2000 91%
2500 89%
Observation: Efficiency increases with speed up to a
limit, then drops due to instability

5.5 Graphical Analysis (What You Must Plot in Your
Thesis)

1. Conveyor Speed vs Efficiency
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Fig 5.1: Conveyor Speed vs Efficiency

2. Rotor Speed vs Non-Ferrous Separation
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Fig 5.2: Rotor Speed vs Non-Ferrous Separation

3. Feed Rate vs Accuracy
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Fig 5.3: Feed Rate vs Accuracy

5.3 Discussion of Results
Effect of Conveyor Speed

e Low speed — better separation but reduced
throughput
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e High speed — poor separation due to insufficient

exposure

Effect of Rotor Speed

e Moderate speed — optimal eddy current
generation

e Very high speed — wunstable trajectory of
materials

Effect of Feed Rate

o High feed rate causes overlapping of materials
e Reduces efficiency of both magnetic and eddy
current separation

VL CONCLUSION

The experimental results demonstrate that the
proposed system is capable of effectively separating
ferrous and non-ferrous metals from mixed waste
materials. The performance is significantly
influenced by operational parameters such as
conveyor speed, rotor speed, and feed rate.

Optimal tuning of these parameters is essential to
achieve maximum efficiency. The system performs
well under controlled conditions and provides a
practical  solution for small-scale recycling
applications.

The experimental analysis demonstrates that the
integration of magnetic and eddy current separation
enables effective segregation of metallic components.
Ferrous metals were successfully extracted using
magnetic attraction, while non-ferrous metals were
separated through induced eddy current repulsion.
The system achieved high separation efficiency under
optimized operating conditions.

A detailed study of system parameters revealed that
performance is strongly influenced by conveyor
speed, rotor speed, and feed rate. It was observed that
increasing conveyor speed reduces separation
efficiency due to decreased interaction time, while
rotor speed exhibits an optimal operating range
beyond which performance declines. Similarly,
higher feed rates lead to material overlapping,
reducing sorting accuracy.
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