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Abstracts: Scraped e-waste is a result of increased production and demand for Electrical and Electronic Appliances 
(EEA). Because the discarded EEA contains heavy metals, it must be carefully disposed of in order to prevent any 
environmental harm. Researchers and pollution control boards in the relevant nations are taking notice of this rapid 
increase in e-waste in order to properly dispose of and recycle the garbage. A variety of materials, including gold, silver, 
copper, iron, etc., are included in e-waste. For research, it is crucial to safely and sustainably remove all of those metals 
from old electrical and electronic products. Electrochemical, pyrometallurgical, hydrometallurgical, and bioleaching 
methods for extracting metals from waste scrap have all evolved in the development of environmentally friendly and 
sustainable technologies. Among all the methods for extracting metals that are accessible, electrochemical extraction is 
one of the most admired. One of the reported most effective techniques among all of these is electrochemical. (80-95%) 
of the metal is reported to have been extracted using the previously stated procedure and various electrolytes. 
Additionally, after processing and chemical leaching of the Waste, various combinations of electrodes are employed to 
independently recover the metals from E-Waste is presented in the paper.  The study presents an electrolysis method for 
copper extraction. In order to achieve the highest Cu extraction efficiency, a variety of electrode and electrolyte 
combinations are used in this study work, along with an energy model for the process. adjusting the electrolyte content to 
examine the Cu extraction rate for improved extraction efficiency. It is possible to extract copper with 99% efficiency 
using this electrolysis method. 
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1. INTRODUCTION  

Due to the associated complexity in the E-Waste, researchers are extremely concerned about the rate of growth 

of EEA. [1][2][3] As a result of wasteful trash disposal contaminating the land and soil, the rise in e-waste volume 

raises serious concerns about its effects on society and the environment. The Waste contains more than 30 different 

types of metal, including valuable metals like Gold, Platinum, Silver, and others. If recycled properly, these precious 

metals can be a lucrative business opportunity. In the developing countries like India, whose GDP (Gross Domestic 

Product) is growing at the fastest rate in the world, e-waste output is rapidly increasing. Although the CPCB (Central 

Pollution Control Board), India has established some guidelines for the collection and recycling of electronic waste, 

India is still unable to keep up with the production of E-Waste since the capability for recycling is only 20% of the 

garbage being produced, as detailed in Chapter 1. [4]  

Electrical and electronic waste has grown quickly as a result of technological development and national 

economic expansion, raising serious environmental and health concerns [5][6]. There is a potential that the waste 

may be illegally burned and dumped because 83% of the total waste produced worldwide was not documented 

[7][8]. Only 22% of the e-waste that was collected in India was recycled [4]. Asia generates 46.4% of the world's 

waste, which is a serious worry, but the fundamental issue is that only 11% of the rubbish is documented. 

Despite the relatively restricted and primitive recycling practises for outdated personal computers, the burden of 

disposal and associated costs are significantly reduced by the metal value recovered from computer waste. Even 

though a sizeable amount of computer waste is recycled during the process, the unscientific methodology used for 

material salvaging comes with a very high risk to the environment and human health as a logical consequence of 

the implementation of rudimentary recycling and recovery processes and their detrimental effects on both life and 

the environment. In addition to the difficulties already mentioned, this recycling method has inherent limitations on 

the recovery of both metals and non-metals. This processing procedure does not actually contribute value despite 
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the partial recovery of materials like copper, gold, silver, aluminium, iron, tin, lead, and plastics, for example, 

because so many important metallic elements like germanium, barium, platinum, antimony, cobalt, and nickel are 

still lost. 

According to a study, developing nations like India, China, and Brazil are giving more weight to economic 

considerations than to environmental laws governing the recycling of e-waste [9]. The huge increase in e-waste 

globally has made its management a primary priority for science and business. Numerous research on the various 

aspects of managing e-waste have been undertaken and published globally. The complexity of treating trash on a 

state and national level was first the main focus [10][11]. For the extraction and reuse of metals, a number of 

recycling procedures using chemical, mechanical, and thermal methods have been developed [12][13][14]. Despite 

the fact that there aren't many research articles on the subject that give a thorough overview of the procedure. 

Manually choosing, categorising, and analysing published works might be time-consuming and biassed due to the 

exponential growth of publications [15]. E-waste requires substantial recycling because it is made up of such a 

diverse range of materials. Various precious metals and dangerous materials can be found in e-waste. Therefore, 

strict and proper recycling practises are required to reduce threats to the environment and human health. Landfills, 

incinerators, and open flames should not be used to dispose of electronic waste [16]. With the development of 

technology, various novel recycling techniques with lower environmental effect and higher metal recovery rates 

have arisen. The three main stages of the e-waste recycling process are e-waste collection, e-waste pretreatment 

shown in Figure. 1, and e-waste final treatment. E-waste pretreatment is a crucial step in the recycling process [17].   

 

Figure 1. E-Waste pre-treatment steps.  

The use and recycling of the non-metallic parts present in e-waste PCBs, which contain at least 70% non-

metallic parts, has been the subject of numerous research [18][19]. Glass fibre and thermosetting resin are the main 

components of printed circuit boards' non-metallic parts. Additionally, these resins cannot be remoulded due to their 

chain structure [20]. To further purify metals recovered from e-waste and retrieve trace metals/elements, various 

metallurgical techniques can be applied [20]. Pretreatment of e-waste is typically not necessary for pyrometallurgical 

processes, but it is for hydrometallurgical and biometallurgical processes in order to separate metals and non-

metals. 

The PCB that resulted from the amalgamation has a about 40% metal, 30% ceramic, and 30% plastic 

composition [21][22].  On the other hand, waste PCBs have a higher concentration of valuable metals than natural 

ore, such as gold and palladium. Because recycling PCBs has positive economic and environmental effects [23], it 

is more important to extract precious metals and other non-ferrous metals from PCB Boards. Non-ferrous metals 
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are recovered from used PCB boards using a variety of techniques, including electrochemical [24], pyro-

metallurgical [25], hydrometallurgical [26], and bioleaching [25][26][27]. Due to their environmental friendliness, 

extreme efficacy, and excellent extraction purity, electrochemical techniques have generated the most interest of 

any technology for the extraction of metal [28]. According to research [29], extracting copper at a concentration of 

30 g/L CuSO4.5H2O, 60 g/L NaCl, and 150 g/L H2SO4 with an 80 mA/cm2 current density can yield a purity of up 

to 99.3% for the copper. Another study found that the electro kinetic approach [30] for extracting copper resulted in 

copper with a purity of 97.6%. 

In this study, copper is removed from the scraped Intel dual-core motherboard using an electrochemical 

approach. Different combinations of anode and cathode are utilised in an electrochemical process with varying 

concentrations of H2SO4, HCl, and H2O2. For the environmentally friendly electrochemical extraction of copper, an 

energy model is described. The PCB first underwent pre-treatment, as depicted in Figure. 2, which entails 

disassembling, shredding, and crushing the components to (1-2)mm in size[31][32]. Eddy current technique, 

electrostatic separator, or density separator are used to separate nonferrous metals from the pre-treated PCB 

powders for the electrochemical process of extracting metals from PCB boards [33]. When compared to other 

metals, the nonferrous metals thus discovered possess the highest proportion of copper [34]. 

 

  

Figure 2. Pretreatment process of PCB Recycling.   

 

2. MATERIEL AND METHODS 

For the investigation, abandoned computers, laptops, printers, and refrigerators were removed. The Figure shows 
that each E-Waste is carefully segregated, and PCB boards were eliminated while taking the environment's 
consequences into account. The built replicas of an old monitor screen, mouse, keyboard, and CPU were 
methodically weighed and dismantled as indicated in Figure 3. These tools included a screwdriver, hammer, 
deshouldering rod, plier, mortar and pestle, and tin scissors. Pliers, hammers, and a de-shouldering rod were used 
to etch the WPCBs that were placed over the non-metallic parts. In order to ensure everyone's safety, personal 
protective equipment (PPE) was worn while carefully removing each PCB board in a well-ventilated room. 
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 Figure 3. Removed PCB Boards from Various E-Waste 

2.1. Characteristics of the Metal Powder 

The electrolyte was developed taking into account the non-ferrous metals that will be eliminated. A 10 gm sample of 
waste PCB powder was ground up for the extraction experiment, and it was dissolved in several solvents that also 
served as the electrolytes for the electrolysis tests.  As can be shown in Figure. 4, metal detection in the metal 
powder was found utilising X-ray spectroscopy (EDS).   

As seen in Figure, the surface topology and morphology of the support and several catalysts synthesised using the 
co-precipitation approach are examined using SEM. As shown in Figure. 4 (A), the mesoporous support SBA-15 
has a curved cylindrical configuration. The addition of Cu (II) and Mn (II) metals didn't change this morphology, as 
seen in Figure. 4 (B) , which attests to the preservation of the mesoporous support's physical structure and texture. 

Energy Dispersive X-Ray Analysis (EDX) was used to do a compositional analysis of the synthesised SBA-15 
support and catalysts. The synthesised material's presence in silica was successfully demonstrated by the SBA-15 
EDX data (Figure. 4 (A)). The presence of copper and manganese metals was confirmed by the EDX spectra of the 
catalyst materials Cu/SBA-15 (Figure. 4 (B)), supporting the metal impregnation. The copper% from the EDX 
investigation was calculated using a small sample size and the assumption that the sample's composition was 
constant. 
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(A)  

  

(B)  

 
 

  

Figure 4: Analysis of (A) SBA-15, (B) Cu/SBA-15 using SEM and EDX. 

2.2 : Presence of Metal in E-Waste: 

The powdered E-Waste underwent initial chemical processing in order to test for the presence of metals. To 
determine whether metal was present in the solution, component-by-component analysis was performed. The 
hydrochloric acid and nitric acid solution Aquaregia (3:1) was used to leach the metal particles. For four hours, the 
trials were conducted at a temperature of 600C and a stirring speed of 300 rpm. For experimental purposes, each 
metal powder that was obtained from various PCB Boards and components was taken independently. Using a 
Shimadzu AA-7000 piece of equipment, an AAS (Atomic Absorption Spectrophotometer) study is performed to 
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determine the amount of metals contained in the leached solution. The analysis was performed using an air coal 
gas flame at a temperature of 18000C. 

Table 1: AAS Analysis result of Metal composition in different PCB Boards and components 

Sample  
NO 

ITEM METALS (mg/L) 

COPPER ZINC NICKEL CHROMIUM MANGANESE LEAD CADMIUM IRON 

1 printed 
circuit 

board of 
Xerox 

machine 

10882.32 278.97 172.94 6.58 8.35 237.80 0.4481 238.34 

2 Pentium 4 
motherboar

d 

11955.23 564.01 200.05 7.59 6.25 133.91 0.6406 251.91 

 

The presence of metal in all the various PCB Boards and components was evaluated, as indicated in table 1, and it 
was discovered that copper was more prevalent in the tested components.  Figure 4 illustrates the presence of 
metals by component. To extract copper from the metal powders, the components were removed one at a time. 

2.3 Sample Preparation 

For use in the investigations, WPCB samples, primarily from computer motherboards, were purchased at a waste 
appliance recycling facility. The HNO3-H2O2-HF system was utilised to digest concentrated metal particles that had 
been mechanically and physically removed from WPCBs after being dried at 1050C for 24 hours. To make the 
electrolyte, various electrolyte mixtures that enhanced copper leaching in the electrolyte medium were investigated.    

Following the grinding operation, 20 gm of the powdered PCB Boards were first dissolved in 1 mole of H2SO4 and 
stirred for three hours at a speed of 300 rpm and a temperature of 600C. Following stirring, 1M of HCl was added to 
the mixture. The mixture was then stirred once more for 4 hours at the same speed and temperature specified in 
equations (1) through (3). By having two amine groups and two carboxylic acid groups with lone-pair electrons, the 
polyprotic acid EDTA chelates calcium and a number of other metal ions. In order to ensure that the waste powder 
was properly leached into the solution, 1M of EDTA was added to the mixture. The mixture was then stirred once 
more for 2 hours at a temperature of 600C and a stirring speed of 300 rpm. Leaching was followed by a further 
extraction of the EDTA using 10ml of H2SO4. Following the filtering procedure, the residues were once more 
collected for the experiments depicted in Figure 5. The remaining electrolytes also underwent the experiments. 

 

Figure 5. Experimental set up for preparing Electrolyte  



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 5, pp 196-208 

202 

H2SO4 + HCl → H2O + Cl2 + SO2        (1) 

Cu + Cl2 → CuCl2          (2) 

CuCl2 + H2SO4 → CuSO4 + HCl        (3) 

2.4: Electrolysis 

A wide range of diverse electrolysis cells have been constructed for the extraction of metals from electrolytes in 
various research. The reactor cell was made of glass with dimensions of 12 by 8 by 7 cm and a volume of 672 cm3 . 
The cathode and anode chambers were separated using an anti-acid filter cloth. The rector can hold up to one litre 
of electrolyte solutions. Which electrodes to employ depends on the metals that need to be recovered. Numerous 
investigations were conducted to determine the best set of electrodes for extracting copper from the electrolyte 
solution. Using a DC (0-30)V DC source, the potential between the electrodes was applied. 

The potential of the cell, which is the difference between the oxidation (E0
Anode) and reduction (E0

Cathode) voltages, is 
given by equation number (4). In order to remove copper from the electrolyte solution, the equation (4) was solved, 
and the rectifier was set to the calculated voltage as shown in Figure 6. 

0 0 0

Cell Cathode AnodeE E E            (4) 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Electrolysis cell and Experiments carried out using Nernst equation.  

3. RESULTS AND DISCUSSIONS 

3.1. Effect of Parameters on Leaching 

Numerous parameters were optimised in order to appropriately leach the e-waste in the electrolyte, and it was 
found that multiple metals were leaching in the solutions. To determine whether any metals had leached into the 
solution, the obtained solutions were sent for AAS analysis.  

Solid to liquid mass, stirring temperature, and stirring speed were the variables that were optimised. 
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3.1.1 Mass of solids to liquids 

E-waste particles in various proportions were added to 1 molar of solution, and the best leached solution was 
checked by observation. At a stirring temperature of 600C and a stirring speed of 300 rpm, the procedure was 
resumed for all the samples collected as listed in the table.  

3.1.1.1 Sample 1: A Xerox machine's printed circuit board 

In the 1M electrolyte solutions, the processed powder from the printed circuit board of the xerox machine was taken 
in 1gm, 2gm, 5gm, and 10gm portions, respectively. The AAS analysis report is provided in table 4.2. 

Table 2: AAS Analysis report for a Xerox machine's printed circuit board. 

METALS (mg/L) 

Sample 1 

PCB powder 
(g) 

COPPER ZINC NICKEL CHROMIUM LEAD IRON 

1 1624 36.57 24.04 2.489 72.365 26.35 

2 3876 74.28 39.11 3.368 106.367 41.09 

5 6788 176.24 98.47 5.289 147.741 1149.25 

10 10882.322 278.9742 172.9434 6.5826 237.8011 2386.3379 

 

As we add more solids to the 1 m of the electrolyte solutions, the leaching is improving. The graph in Figureure 7 
almost lines up with copper. Iron was the next prominent metal, whereas other metals barely leached compared to 
copper. 

 

(a) (b) 

  

Figure 7. Different metals for (a) sample 1 and (b) sample 2 leached with different amounts of PCB powder. 

3.1.1.2 Pentium 4 motherboard, Sample 2 



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 5, pp 196-208 

204 

The processed Pentium 4 motherboard powder was weighed out at 1gm, 2gm, 5gm, and 10gm in 1M electrolyte 
solutions, respectively. The AAS analysis data is provided in table 3. 

Table 3: Pentium 4 motherboard AAS Analysis report. 

METALS (mg/L) 

Sample 2 

pcb powder 
(g) 

COPPER ZINC NICKEL CHROMIUM LEAD IRON 

1 1077 61.235 40.02 4.22 10.281 41.214 

2 3104 139.77 71.17 6.74 36.241 82.141 

5 7009 421.66 121.96 7.41 82.334 197.232 

10 11955.227 564.0118 200.0534 7.5964 133.9137 251.9072 

 

As we add more solids to the 1 m of the electrolyte solutions, the leaching is improving. The graph in the illustration 
almost perfectly lines up with copper. In comparison to Cu, other metals are almost insignificant. 

3.2.1.3 Sample 3: a motherboard with an Intel duel core 

The processed powder from an Intel dual core mother board was weighed out at 1gm, 2gm, 5gm, and 10gm in 1M 
electrolyte solutions, respectively. The AAS analysis report is provided in table 4. 

Table 4. : AAS Analysis report for an Intel two core mother board  

METALS (mg/L) 

Sample 3 

pcb 
powder 
(g) 

COPPER ZINC NICKEL CHROMIUM LEAD IRON 

1 2866 76.34 9.06 0.432 17.31 14.04 

2 6784 120.28 13.86 1.145 38.23 44.12 

5 14698 397.63 57.64 1.588 82.04 89.24 

10 22193.806 1726.2589 393.563 5.5689 180.0859 169.1783 

 

3.1.2 : Stirring Speed and Temperature 

The temperature and speed of stirring are two crucial factors in ensuring that the powdered waste is appropriately 
leached in the solution. For five hours in a 1M solution, 5gm of powdered waste was used for each experiment. 
Stirring speed was adjusted from 100 to 500 rpm with increments of 100, and temperature was adjusted from (40 to 
120)0C with increments of 200C. as depicted in the Figure 8, Cu leaching 
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Figure 8. Cu leaching with varying rpm and temperature 

According to Figure. 8, practically all samples leach copper more effectively when the stirring is done at a speed of 
300 rpm and a temperature between (60 and 80)°C. Initial temperature increases cause a greater amount of 
leaching, and when the temperature approaches 1000C, more samples experience less leaching. If the stirring 
speed were examined, Cu leaching first rose as the speed increased from 100 to 300 rpm, and for some samples, 
the leaching increased even more when the speed was increased to 500 rpm. However, after 300 rpm, it is seen 
that the leaching of Cu is virtually steady or decreasing in nature across all samples. 

3.2 Effect of current density 

 

Figure 9. The effect of Nernst potential on Current density and extraction efficiency. 
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As seen in the Figure 9 the extraction efficiency of copper was increased with the increase of current density from -
28mA/m2 to -8mA. With the increase in current density the extraction efficiency also increases. Initially the current 
density was very low so the ions were not able to exchange through the membrane cell and there was no extraction 
initially. So at -2.0 V the extraction of the Cu was around (0-5) % and the current density was -24 mA/m2. 

3.3 Efficiency of Extraction  

A graphite metal strip was used in the first step as both the cathode and the anode, and all of the samples had an 
extraction efficiency of 60%. The extraction efficiency was estimated using the following equation no. 5 and is given 
in table 5. Copper powder was recovered from the cathode chamber. 

100%Cu Cu
Cu

Cu

S F

S



           (5) 

Where, CuS = Initial Metal Present in the Sample (gm) and 

Cu =% Metal Extraction Efficiency 

CuF = Metal present in the electrolyte (gm) after electrolysis. 

Table 4 Cu extraction by varying different electrodes for all the samples.  

Experiments for Cu 
Extraction 

A K A K 
Sample No. 

Gr Gr Zn Fe 

Before Electrolysis 12456.41 12456.41 

1 After Electrolysis  4687.55 3047.23 

% Cu Recovery 62.37 75.54 

Before Electrolysis 13413.14 13413.14 

2 After Electrolysis  5234.76 2971.34 

% Cu Recovery 60.97 77.85 

 
4. CHARACTERISTICS 

For certain samples, the Cu obtained during electrolysis was in the form of CuO. At a temperature of 

800C, the extracted CuO was dried, and the metal powder was gathered. The two samples' XRD analyses 

are displayed in Figure 10. 



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 5, pp 196-208 

207 

 

Figure 10: XRD Analysis of the sample 

CONCLUSIONS 

The Compared to the other elements, copper is present in PCB Board at a larger percentage. It is always 

suggested to take into account the selective components for selective separation of a particular metal in order to 

obtain a better extraction rate. The extraction requires careful electrolyte preparation. 
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