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Abstract— The global increase in electronic waste (e-waste) necessitates efficient recycling methods 

to mitigate environmental impact and recover valuable materials. This paper proposes two innovative 

methodologies for e-waste management, leveraging the strengths of both unorganized and organized 

sectors. The first method integrates collection, disassembly, and segregation by unorganized units 

with advanced metal recovery processes by professional recyclers, ensuring maximum yield and 

minimal environmental harm. The second method focuses on loosening components from PCBs 

using a combination of chemical and mechanical processes, followed by repurposing shredded PCB 

pieces into various decorative and household items. This dual approach aims to enhance 

sustainability, promote eco-friendly practices, and create a profitable business model for e-waste 

recycling. 
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I. INTRODUCTION 

Electronic waste (e-waste) is the fastest-growing waste stream in the industrialized and urbanized world. A few 

decades ago, the amount of e-waste generated was small enough to be diluted in the environment. However, the 

massive growth of the electronics and hardware sector has led to a significant increase in demand for electronic 

products [1, 2]. Rapid advancements in electronic features and the availability of improved products compel 

consumers to dispose of old electronics quickly, resulting in an alarming increase in e-waste generation. 

The primary sources of e-waste include the disposal of hardware and electronic items from government offices, 

public and private sectors, and academic and research institutions [3]. Household consumers also contribute a 

significant volume of end-of-life electronics products. In India, the situation is exacerbated by the substantial 

growth in imported e-waste, despite a prohibition on imports [4]. This influx is largely due to the economic 

unviability of e-waste recycling in Western countries, where the rising costs of manpower and materials make it 

less profitable [5]. Consequently, large volumes of e-waste are exported to countries like India and China for 

disposal in small-scale, unorganized recycling units [6]. 

These unorganized units often employ primitive, non-scientific, and non-environment-friendly methods, posing 

significant environmental and health risks [7]. E-waste is hazardous due to the presence of toxic substances such as 

lead (Pb), hexavalent chromium (Cr6+), mercury (Hg), cadmium (Cd), and flame retardants [8]. When mixed with 

solid municipal waste, e-waste poses a severe threat to environmental degradation in developing countries, where 

organized recycling technology is lacking. The extraction of metals in these unorganized units typically involves 

dipping printed circuit boards (PCBs) in acidic or alkaline solutions and heating or burning them. These processes 

are harmful to workers and the environment, which are major concerns for e-waste management in developing 

countries [9]. 

Despite these challenges, the unorganized e-waste recycling sector flourishes in India through networks 

involving collectors, traders, and recyclers [10]. The existing laws on industry, labor, and hazardous substances 

consider the operations of these unorganized units illegal. Simply enacting laws and routine vigilance cannot stop 

the growth of this sector, which involves nearly half a million people [11]. It is crucial to provide alternative 

sources of income and integrate the unorganized sector into a more sustainable and professional e-waste 

management system. 

E-waste contains valuable materials, including metals, plastics, and glass, which constitute 95% of the total e-

waste by weight [12]. Populated PCBs and connectors, which make up 3-5% of the total e-waste, contain precious 

metals like gold, silver, copper, palladium, and tantalum [13]. Developed countries have established processes for 

extracting these metals with high yields using automated and minimal manpower methods [14]. In contrast, e-waste 
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processing technologies in developing countries are still primitive, resulting in significant losses of valuable 

materials [15-16]. 

This paper aims to investigate the work methodology adopted by both organized and unorganized sectors and 

suggest two innovative methodologies to bridge the gap between these sectors, providing a profitable business 

model that ensures environmental sustainability and social responsibility. 

In the first proposed method, unorganized units will handle the collection, dismantling, disassembly, and 

segregation of e-waste. Segregated materials like metals, glass, and plastics will be sold to smelters and re-

processors for conventional recycling [17]. The most valuable components, such as PCBs and connectors, will be 

converted into powder by the methodology explained in this paper. The metal assay content of the powder will be 

assessed by recognized laboratories, and its value determined accordingly. Unorganized sectors will bear the cost of 

the process and the assay testing, subsequently selling the PCB powder to established recyclers at market price. 

This method prevents hazardous extraction processes and ensures maximum yield of recovered metals, minimizing 

environmental impact [18]. 

The second proposed method involves using chemicals to separate the circuits and connectors from the 

motherboards. These separated components can then be further processed as mentioned in the first methodology. 

The remaining board can be cut into small pieces and used as filler in household items, enhancing their appearance 

and design. This approach not only reduces the amount of waste sent to landfills but also provides a sustainable 

way to repurpose e-waste materials [19]. 

By exploring these innovative recycling techniques and responsible management practices, this research aims to 

develop a sustainable and economically viable model for e-waste recycling. The goal is to mitigate the adverse 

effects of e-waste on human health and the environment, promoting a circular economy and a more sustainable 

future [20]. 

 
Figure 1:Flow Chart of Process to remove usable materials from PCB 

II. METHODOLOGY FOR RECYCLING OF THE MATERIALS FROM PCB 

E-waste management is a growing concern due to the environmental and health hazards associated with 

improper disposal. This paper presents two innovative methodologies for the efficient recycling and repurposing of 

printed circuit boards (PCBs) from e-waste. The first method focuses on maximizing metal recovery through a 

process involving collection, disassembly, shredding, pulverization, and professional metal extraction. The second 

method emphasizes the sustainable repurposing of PCB materials by loosening components using chemical and 

mechanical means, followed by shredding and converting the materials into decorative and household items. These 

methodologies aim to enhance metal recovery, promote sustainability, and reduce the environmental impact of e-

waste recycling. 

A. Integrated Professional and Unorganized E-Waste Metal Recovery 

 The major reason for the domination of unorganized units in the e-waste recycling business is the economics of 

metal recovery and the abundance of low-cost labor. Unorganized sectors are not incentivized to divert waste 

materials to professional recyclers due to economic reasons, compelling them to extract precious metals like copper 

and gold through unhygienic practices with poor recovery yields. Consequently, a significant percentage of 

valuable metals are lost due to these primitive methods. However, if suitable prices for the precious metals in PCBs 

and connectors are offered, primitive extraction can be discouraged. This paper proposes a novel methodology that 

leverages the strengths of unorganized units in collection, disassembly, and segregation while integrating 

environmentally friendly and efficient metal recovery processes managed by professional recyclers. The proposed 

approach includes the following steps: 

Step 1: Collection, Disassembly, and Segregation 

In the first step, unorganized e-waste collectors will gather e-waste from various sources, including homes, 

offices, industries, and organizations. The collected e-waste will be segregated into different categories, 

disassembled, and separated to extract valuable components such as populated PCBs and connectors, which contain 

precious metals like gold, silver, and copper. This manual segregation process involves removing items such as 

glass components, metal fittings, screws, connectors, cables, heat sinks, plastic enclosures, fans, transformers, and 

batteries. These recovered items can then be sold at suitable market prices. By focusing on non-destructive 

segregation and channeling these materials to smelters and re-processors, unorganized units can safely manage a 

large volume of e-waste without harming the environment. 
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Step 2: Shredding, Crushing, and Pulverization 

In the second step, the populated PCBs and connectors, along with other gold-rich components, will be 

shredded and pulverized to create a homogeneous mixture of materials. This process starts with mechanical 

shearing to reduce the size of PCBs to about 3mm x 3mm, followed by dry grinding in a ball mill to achieve a top 

size of 1.0 mm. The shredded materials will then be further pulverized to less than 1.0 mm to liberate the metal 

particles from the plastic and composite laminates. The pulverized powders will be assessed to determine the exact 

quantity of saleable metals present. This standardization ensures that the powder's particle size distribution, 

homogenization, and sampling procedures meet industrial acceptable standards. 

Step 3: Valuation Methods for PCBs: Assay Metal Contents 

In the third step, the metal-rich powders are subjected to assay content analysis by professional agencies 

equipped with adequate instrumental facilities. This analysis involves acid or caustic leaching of the powdered 

material using hydrochloric acid (HCl) and hydrofluoric acid (HF) in appropriate proportions. The metals are then 

extracted and determined using atomic absorption spectroscopy (AAS) or inductively coupled plasma/atomic 

emission spectroscopy (ICP/AES). This process provides exact quantitative data on the metal composition of PCBs 

in pulverized form. The assay analysis report determines the proper worth of the PCBs, and the market value of the 

metals is transparently assessed. This step motivates unorganized recyclers to sell collected populated PCBs to 

agencies for processing in an environmentally friendly manner. 

Step 4: Metals Extraction 

In the final step, the pulverized PCB powder is sold to professional authorized smelters with the knowledge and 

facilities to extract metals like lead, copper, gold, silver, palladium, and platinum. The powder is segregated into 

groups based on metal content, such as copper-rich, iron-rich, aluminum-rich, and lead-rich. Separation techniques, 

including magnetic separation for iron, nickel, and cobalt, eddy current separation for aluminum, and electrostatic 

separation for plastic and metal clusters, are employed. Gravity separation methods are used for further segregation. 

The extraction of precious metals is carried out using well-established techniques, ensuring maximum yield and 

minimal environmental impact. Additionally, the pulverized PCB powder can be pyrolyzed with suitable 

technology to recover precious metals, utilizing the material's total heat value as energy for metal recovery. 

This integrated approach ensures the maximum yield of recovered metals, minimizes environmental impact, and 

provides unorganized sectors with a profitable and sustainable business model. However, the main problem with 

this methodology is the refined powder which can be recycled will end up into the land filling and will eventually 

hurt the environment. Hence, in the other methodology proposed in this paper focuses on the complete usage of 

PCB board which will result into less pollutant compared to the first method proposed. 

confirm that you have the correct template for your paper size. This template has been tailored for output on the 

A4 paper size. If you are using US letter-sized paper, please close this file and download the Microsoft Word, 

Letter file. 

B. Sustainable PCB Component Separation and Repurposing 

In the second method the components are loosed from a printed circuit board (PCB) without dissolving the 

metal, a combination of chemical and mechanical methods can be used. The process begins with the application of 

flux to the solder joints of the components targeted for removal. This is followed by heating the joints with a 

soldering iron or hot air rework station until the solder becomes molten. 

For adhesives, solvents like acetone or isopropyl alcohol can be applied to the adhesive areas on the PCB. 

Allowing the solvent to penetrate for a few minutes helps weaken the adhesive bonds, making it easier to gently 

wiggle and pull the components free. In some cases, soaking the PCB in a mild acid solution, such as citric or 

acetic acid, can also weaken solder and adhesives without significant damage to the metals. After any acid 

treatment, it is crucial to rinse and neutralize the PCB with a mild base, such as a baking soda solution, to ensure all 

acid is removed. Ensuring the PCB is thoroughly dried post-treatment is essential before any further use or 

processing. 

Once the components are removed, the remaining board will be sent for shredding. The PCB will be shredded 

into pieces of approximately 3x3 mm or another desired shape. These shredded pieces can then be used as binding 

material for creating various decorative and household items. This methodology allows the repurposing of PCB 

waste into products such as flower vases, tiles, and other decorative items. By converting shredded PCBs into 

usable materials for these items, the environmental impact is significantly reduced, promoting sustainability in the 

e-waste recycling process. 

The shredded PCB pieces are mixed with binding agents such as resins or polymers to create a durable and 

aesthetically pleasing composite material. This composite can be molded into different shapes and sizes, depending 

on the intended final product. For example, the material can be poured into molds to create tiles or decorative 
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panels. For items like flower vases, the composite can be shaped and polished to achieve a smooth, attractive finish. 

In addition to flower vases and tiles, shredded PCB composites can be utilized to manufacture a wide range of other 

products. These include picture frames, coasters, wall art, and even furniture pieces such as tabletops and 

decorative shelves. The versatility of the composite material allows for creative and customizable designs, making 

it suitable for both functional and ornamental purposes. For instance, the intricate patterns and unique coloration of 

the shredded PCB pieces can create visually striking and one-of-a-kind items that appeal to consumers looking for 

eco-friendly and aesthetically pleasing home decor. Furthermore, using PCB composites in building materials, such 

as eco-bricks or cladding for walls, provides an innovative way to incorporate recycled e-waste into construction 

projects, enhancing sustainability in the construction industry. 

III. CONCLUSION 

This research primarily focuses on the conceptual development of innovative methodologies for e-waste 

management, serving as a foundational study aimed at bridging the gap between theoretical approaches and 

practical implementation. The methodologies proposed in this paper provide a comprehensive framework that 

effectively integrates the strengths of both unorganized and organized sectors, offering a sustainable and 

economically viable approach to e-waste recycling. 

Method 1 outlines a detailed process involving the collection, disassembly, segregation, shredding, and 

pulverization of e-waste, followed by professional assay analysis and metal extraction. This method ensures the 

recovery of valuable metals such as copper, gold, and silver, while minimizing environmental impact through 

standardized and efficient processes. By offering competitive prices for these precious metals, the approach 

discourages primitive extraction techniques, promoting safer and more sustainable practices. 

Method 2 focuses on the complete utilization of PCBs. Components are loosened from PCBs using flux, 

solvents, and mild acids, after which the boards are shredded into small pieces. These pieces are then repurposed 

into decorative and household items such as flower vases, tiles, and furniture. This strategy not only reduces the 

volume of e-waste sent to landfills but also creates new market opportunities for eco-friendly products, contributing 

significantly to environmental sustainability. 

While this paper emphasizes the strategic formulation of processes that ensure environmental sustainability and 

social responsibility, it does not include experimental work. However, the methodologies detailed here lay the 

groundwork for future experimental validation and practical application. Subsequent research phases will focus on 

the implementation, testing, and optimization of these methods to achieve measurable outcomes, including the 

conversion of e-waste into useful products, which will be thoroughly analyzed in the results and discussion section. 

Repurposing e-waste into decorative and household items enhances eco-friendliness by reducing environmental 

pollution, conserving resources, and saving energy. This approach prevents toxic materials from entering landfills, 

lowers the demand for new raw materials, and supports the circular economy. It also opens new markets for 

sustainable products and raises awareness about the importance of recycling and responsible waste management, 

thereby transforming waste into valuable resources and contributing to a more sustainable environment. 
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