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Abstract: To be used in cutting-edge green and other technologies, rare earth elements (REEs) are
in great demand. Rare earth elements (REEs) include the following elements: La, Ce, Pr, Nd, Pm,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu; additionally, they include Sc. Computers, laptops,
TVs, generators, DVD players, cell phones, refrigerators, and other electronic equipment that are
usually thrown away by their original owners because of their limited lifespan are examples of
outdated or end-of-life electronics that make up e-waste. At the moment, these metals are essential
to many contemporary devices, from LED light bulbs and wind turbines to cell phones and
televisions. The development of new, cutting-edge technologies, especially in the field of
electronics, depends on the availability of rare earth elements (REEs), sometimes referred to as the
“vitamins” of modern industry. Since e-waste frequently has high concentrations of rare earth
elements and is handled in hazardous ways, e-waste may be a significant contributor to the
contamination of rare earth elements. Apart from their detrimental effects on the environment,
these wastes also result in the loss of precious materials and rare earth elements such as gold,
silver, copper, platinum, palladium, and rare earth, among other things. Every year, 50 million
tonnes of e-waste are created globally. An enormous amount of e-waste is wasted since only 20%
of it is handled correctly worldwide. There have been numerous reports on the recovery and
separation of rare earth elements (REEs) from e-waste using various techniques, such as the
hydrometallurgical process, siderophores, pyrometallurgical process, bioleaching, and
biosorption. According to reports, the demand for rare earth elements (REEs) from clean
technologies is expected to reach 51.9 thousand metric tons (kt) of REO in 2030. Nd and Dy, on the
other hand, make up 75% and 9% of the world’s REE deposits, respectively. REE levels in aquatic
settings are rising, particularly in urban areas, in tandem with the growing demand for high-tech
applications. Urban wastewater from open sewers and the entrance of a wastewater treatment
facility in Cotonou, Benin, was collected, and its rare earth element (REE) contamination was
evaluated. This paper offers a summary of the present paths for the production and recovery of
rare earth elements (REEs), points out significant shortcomings in the methods now in use, and
emphasizes areas where multidisciplinary research could lead to more practical solutions. A
summary and report are also provided regarding the future directions of secondary REE source
reprocessing technology as well as the function of the REEs in environmentally friendly and
renewable energy technologies.
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1. Rare Earth Elements (REEs): an Introduction and Their Uses

Juhan Gadolin, a Finnish chemist at Abo Akademi University (Turku) in Finland, conducted
the first research on, recorded, and named the rare earth elements (REEs) in 1794 [1]. The
consistency of the supply of rare earth elements (REEs) has received a lot of attention lately. The
rare earth elements (REEs) are defined by the periodic table and the International Union of Pure
and Applied Chemistry (IUPAC) as a group of 17 metallic elements, which include Yt, Sc, and 15
lanthanides. Except for Sc, the majority of REEs are found in lanthanide element-containing ore
deposits in nature [2].

The three classes of rare earth elements (REEs) are light (LREE-La, Ce, Pr, Nd, and Sm),
medium (MREE-Eu, Gd, Tb, Dy, and Y), and heavy (HREE-Ho, Er, Tm, Yb, and Lu) based on their
geochemical characteristics. The REEs fall into three categories: critical (Nd, Eu, Tb, Dy, Y, and Er),
uncritical (La, Pr, Sm, and Gd), and excessive (Ce, Ho, Tm, Yb, and Lu). Geochemical color and
industrial shading are related, as Figure 1 shows [3,4].
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Figure 1. The percentage share of different rare earth elements (REEs) in the overall composition of
the upper continental crust, together with its classification.

Rare earth elements (REEs) have distinct chemical and physical characteristics that make them
useful in a range of applications, despite having similar electrical configurations. REEs offer their
final products a special magnetic, brilliant, and strong quality. Because of this, REEs are utilized in a
variety of modern technologies, including alloys, laptop screens, lasers, and glasses [5]. Despite
having less than 40% of the world’s known reserves, China produces about 90% of the rare earths.
In addition to mining the rare earth oxides from the ores, China offers downstream facilities such as
separation into individual elements, processing into rare earth metals, and manufacturing of rare
earth permanent magnets and lamp phosphors. [6]

REEs have been utilized in many high-end technologies over the past thirty years, such as
computers, networks, communications, healthcare, smart electronic goods, efficient lighting,
displays, and clean energy technologies (such as solar, wind, electric vehicles, and tidal power
generation). Because rare earth elements are deeply ingrained in contemporary technology, their
significance in society and the economy is growing [7].

What is electronic waste?

Plugs, power cords, batteries, and other parts that are attached to electronic devices are also
included in the category of “e-waste,” in addition to electronic materials. Additionally, electronic
and electrical equipment that is partially or entirely abandoned by producers or end users is
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referred to as “e-waste.” Reused, reprocessed, retrieved, or disposed of discarded EEE can also be
considered E-waste.

What comprises e-waste?

Products for homes, businesses, and consumer electronics are all included in the category of e-
waste. Large equipment, small home equipment, small IIT and telecom devices, screens, lighting,
and temperature exchange equipment are the six basic categories into which equipment can be
broadly classified. E-waste includes various components such as batteries, lead capacitors, circuit
boards, plastic casings, activated glass, and cathode-ray tubes. Even with major home appliances
and HVAC systems, personal electronics like laptops, computers, monitors, cellphones, and
televisions account for almost half of all e-waste. The distribution of different types of equipment
and devices that were produced globally for e-waste in 2016 is shown in Figure 2.
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Data source: Global E-waste Monitor 2017.
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Figure 2. Category-wise composition of e-waste.

Material Composition of E-Waste

E-waste is a highly diverse and complicated waste stream that is greatly influenced by several
variables, including the kind of electronic equipment, the manufacturer, the model, the year of
creation, and its age. Generally speaking, e-waste consists of glass, wood, plastic, ceramic, concrete,
rubber, and metals (ferrous and non-ferrous). Copper, aluminium, rare earth elements, and
precious metals (such as gold, platinum, silver, etc.) are examples of non-ferrous metals. Base
metals contain significant amounts of iron and aluminium. In a similar vein, rare earth elements
(REEs) and valuable metals are also found in modest quantities. Toxic substances, including Pb, Hg,
Cd, Se, Cr, and brominated biphenyls (a type of flame retardant), are among the metals. The typical
material composition of e-waste is shown in Figure 3.

Without cell phones, modern digital technologies would not be possible. There are more than 5
billion mobile phones in use worldwide, belonging to about two-thirds of all people. Almost two-
thirds of people on the planet use one of the more than 5 billion mobile phones that are in use
today. One billion people use mobile phones in India. Users” mobile phones are changing at a quick
pace due to the development of new technology, producing a large amount of e-waste that contains
valuable materials. The common make-up of mobile phones is depicted in Figure 4 of the pie chart

8].
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Figure 3. Material composition of e-waste %.
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Figure 4. Typical material composition of mobile phone.

Due to the short lifespan of electronic products like computers and mobile phones and their
growing use, the amount of electronic garbage, or “e-waste,” has surged globally. The amount of
electronic trash is growing and includes a variety of devices, from personal computers to large
home equipment (air conditioners, freezers, refrigerators, mobile phones, and sound systems). In
Asian nations experiencing rapid economic development, the 3R principle of reduce, reuse, recycle
is essential for managing the transboundary movement of secondary resources. Effective
management of resources, including raw materials used in industry, is necessary to reduce
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environmental pollution. Global plastic production in 2014 was estimated to be 0.27 billion tons, of
which 0.05 billion tons were from the European Union (EU) (Plastic Europe 2017). There were
0.0028 billion tons of plastic used in the electric and electronic equipment (EEE). The EU countries
use 17.4 Kg EEE per individual in 2013 [9].

There are several definitions for e-waste. The term “e-waste” in this context refers to a
particular type of waste that includes outdated, discarded, and/or end-of-life electronics that need
power to function. Electronics (LCDs, PCs, smartphones, screens), big appliances (fridges, washers),
and numerous other consumables are examples of e-waste. These consumable goods either had
manufacturing defects or were thrown away by their original owners. The projected amount of e-
waste in 2016 was 44.7 million tonnes, or 6.1 kg/person, and it is projected to increase to 52.2 million
tonnes in 2021 (Figure 5) [10].
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Figure 5. Types of e-waste and common (Health and E. Safety 2013).

With an estimated 45 million tons generated globally in 2014 and a growth rate of 3-5%, e-
waste is one of the waste streams with the quickest rate of increase in the world. To account for this
change in the EEE industry, the European Union (EU) has changed CE performance standards and
the waste electrical and electronic equipment (WEEE) regulation. Finland is one of the EU members
that actively promotes e-waste, and since 2010, the country’s e-waste recycling rate has risen from
28.7% to 49.2%. E-waste is classified as a secondary resource due to its higher concentration of
precious metals, such as REEs, compared to primary ores [11].

According to estimates, computers produce 70% of India’s e-waste, followed by telecoms at
13%, electrical at 8%, medical at 7%, and domestic products, including e-scrap, at 3%. The growing
generation of IT trash makes it challenging for developing nations like China, India, Nigeria, and
others to recycle and manage e-waste. As per a study released by the Lok Sabha on September 23,
2020, the generation of e-waste in India has surged by 43% during the last three years [12]

Types of electronic waste

Based on its function and place of origin, electronic waste can be categorized. Ten categories of
e-waste exist globally (Figure 6). Numerous businesses and homes utilize electronic and electrical
equipment (EEE), and the proportion of each category varies based on population, consumer
behavior, and socioeconomic situations. However, the largest percentage of e-waste comes from
household a product (42.1%), which is followed by small domestic equipment (4.7%), consumer
devices (13.7%), IT and telecommunications (33.9%), and household items. Other categories—
medical, electrical, lighting, and electronic tools—have smaller contributions as a result (2% against
1% for automatic dispensers, toys, control devices, and sports). In poorer nations, televisions,
laptops, and mobile phones account for the majority of e-waste [13].
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Figure 6. Types of e-waste and common (Health and E. Safety 2013).

1.1. E-Waste Derived Rare Earth Elements (REEs): characteristics, Sources, and Uses

e-waste, particularly from laptops, computers, electric cars, solar cells, and cell phones, which
is fueling the IIT sector’s rapid expansion in electronics and improving economic rates. There is a
surge in e-waste as a result of the public and private sectors replacing outdated electronic gadgets
with new ones in order to introduce new technologies. Domestic e-waste is produced by
institutions, PC manufacturers, small and large businesses, and other industries in addition to
household gadgets. The generation that contributes most is represented by computers and mobile
phones, whereas households make up the least amount. The issues with e-waste disposal are
brought on by the prohibitions on disposing of these products in several nations. The key factors
contributing to the rise in illegal e-waste imports include low labor costs, lower processing costs,
and lax enforcement of environmental regulations. The amount of e-waste created cannot be
accurately estimated, even if no one knows how much is produced, imported, or exported to other
nations. It is difficult to get precise information on the amount of e-waste that is recycled by various
industries in another method [14].

REEs are a crucial part of renewable energy technologies, such as electric cars, hydrogen
storage, high-efficiency lighting, and wind turbines, because of their special chemical and physical
characteristics. As a result, lasers, high-intensity magnets, and colored phosphors are the main
applications for rare earth magnets. Because of their remarkable properties, which include great
thermal stability, good luminous intensity, capacity to determine color when emitted, longevity,
and low energy consumption, phosphors are employed in lighting applications. The current studies
(such as the US Geological Survey’s Mineral Commodity Summaries 2020 report) approximate the
distribution of REEs by end-use, with the following categories represented in the literature [18]:
catalyst (~75%), glass, polishing, and ceramics (~10%), alloy and metallurgical application (~5%),
and others (~10%) which are represented in Figure 7 [15].
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Figure 7. Application of REEs in various sectors.

Wastes of an industrial, electrical, or mining nature can be divided into three major groups that
are useful for identifying potential sources of rare earth elements. Fly ash from the coal processing
industry and trash from the mineral processing industry, such as phosphogypsum and red mud,
are frequently used industrial wastes in the extraction of rare earth elements. Mine tailings and acid
mine drainage are the main suppliers of mining waste for rare earth elements. For magnetic and
electronic wastes, which are an important part of speakers, hard drives, phosphors, and
spectrometers, NiMH batteries are a major source of rare earth elements (REEs) [16].

In the last three decades, REE and its alloys have found extensive application in a wide range
of technological devices, including but not limited to solar panels, computer memory, rechargeable
batteries, LED lighting, DVDs, autocatalytic converters, super magnets, glass additives, mobile
phones, superconductors, fluorescent materials, and magnetic resonance imaging (MRI). Known as
“The Vitamins of Modern Industry,” these parts are essential to all electronic equipment [17].

There are now more reasons in favor of discovering workable methods for the recycling of rare
earth elements due to the ongoing increase in demand across numerous industries. By taking this
method to recycling REEs, we can help recover important metals, reduce environmental pollution
from harmful compounds, and free up a lot of landfill space and heavy metals that have leached
into the soil. In terms of REE at their specific concentration, electronic devices are considered
secondary sources. REE have a significant and vital role in how well electronic gadgets operate
(Figure 8). Because of their luminous qualities, REEs are utilized in fluorescent and LED lighting,
for instance. Likewise, REEs are employed by digital displays to modify both color and light.
Reinforcement of permanent magnets with an increased resistance to demagnetization is another
significant application of these materials. In the automobile industry, REEs support the alloy of
NiMH batteries used in catalytic converters, hydrogen gas storage, and gas desorption and
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reabsorption. Ni-MH batteries, fluorescent lights, and permanent magnets all have the ability to
contain this kind of waste as secondary REEs resources [18].
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Figure 8. Various applications of REEs.

The extensive usage of rare earth elements (REEs) in high-tech applications like catalysis,
sophisticated alloys, and permanent magnets makes them significant players in contemporary
global economy. These metals have been used in fields other than agriculture, such as medical
contrast, fluorescent materials, and fertilizers. While most REEs are extracted in China, they are
increasingly being extracted globally. REEs are hazardous to humans, animals, and plants in high
quantities due to waste processing, mining, and industrial use. It has been demonstrated that REEs
in industrial settings can lead to toxicities of the liver, heart, brain, and lungs. An growth in the
exploitation of rare earth elements (REEs) coupled with the production of REE trash presents a
significant environmental risk and may result in detrimental effects on human health and the
environment [19].

1.2. REEs Derived from City Waste

Since China has supplied more than 90% of the world’s supply of REEs up to this point, it is
the leader in this regard. In 2021, just 60% of the world’s supply will be generated due to China’s
recent slowdown in REE production. The glass sector is the largest user of REE raw materials, and
REEs are used in numerous technical applications because many products are manufactured with
them in mind [20]. The percentages of Benin’s rural and urban populations who have access to
sanitation are 17% and 61%, respectively. Household wastewater is dumped in the courtyard by
20.1% of households, and into the natural environment by 70% of households. 57% of houses in
Cotonou (Figure 9), the capital and largest city of Benin, dispose of their wastewater outdoors,
whereas 9.6% dispose of it in containers. According to INSAE data from 2016, 3.5% and 7.2% of
wastewater, respectively, was disposed of in open and close sewers. Nevertheless, untreated
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garbage from these sewers is released into the shallow or Cotonou Channel. While 21% of the
population collects septic water in tanks or latrines, graywater is collected in sump pumps for those
with access to individual sanitation systems. This state only partially achieves its goal of
maintaining and protecting human health because Cotonou’s water table is close to the surface and
easily affected by infiltration. The efficiency of the Vie Nouvelle wastewater treatment facility is not
at its maximum [21].

Nokoué Lake

Faucets
Wells
Vie-Nouvelle
Ste-Cecile
Jericho
Hinde
Dantokpa
Midombo
Segbeya

e O @O0 009 @ ¢ O

s Soil samples

Vie-Nouvelle

Atlantic Ocean

Figure 9. Location of wastewater and drinking water sampling points in the city of Contonou.

There are more than 30 million people living in Beijing and Tiajin, two well-known cities in
North China. By 2020, 18.33 million people were living there, of which 14.81 million (80.80%) lived
in cities and 3.65 million (19.91%) in rural areas. The study region is a typical urban river with low
flow and little capability for self-purification. The river ecosystem has been restored by the Chinese
government in recent times, but despite this, the water quality is still not good due to a lack of
proper study on urban water pollution and the existence of many point and non-point pollution
sources. The water quality of urban rivers and the combined toxicity of several rare earth elements
(REEs) are still unknown and need more research. These investigations examined the geochemical
properties of dissolved rare earth elements (REEs) in 17 samples taken from the Yongding River.
There are three primary goals for the study: 1) to ascertain the variance in the Yongding River’s
REEs content and its spatial distribution; 2) to pinpoint the variables such as population, hospital,
land use, and others that affect the aberrant concentration of REEs. 3) The purpose of using REEs
and hydro-chemical indicators is to monitor the causes of pollution in this typical urban river [22].

REEs are now known to be possible micropollutants due to an increase in their concentration
in the hydrosphere and tap water. The most well-known REE is gd, which is present in large
concentrations in Europe, Australia, Asia, and North America. Over time, the amount of
gadolinium found in tap water in the Garonne Estuary, Berlin, Germany, and San Francisco Bay,
California, has increased. Two tributaries of the Herault River in France and certain wells that
supply drinkable water have been found to contain high quantities of lead (Pb) up to 15.4 Pm (i.e.,
2.4 ng/L). Anomalous results have been found for La, Sm, and Ce. Based on information gathered
from Africa, it’s possible that some of the rare earth elements (REEs) found in Lagos State, Nigeria,
leached from electronic waste disposal sites. Similar to other metals, rare earth elements (REEs) can
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build up in aquatic plants and fish, impeding fish embryo and larvagenesis. Gold leakage from
chelates used in medicine is an increasing concern regarding the safety of gold in humans,
especially in light of treatment facilities’ increased handling of organic micropollutants.
Epidemiological surveys have been driven by recent concerns regarding the consequences of rare
earth element (REE) mining on human health and agricultural output [23].

1.3. Rare Earth Elements (REEs) and Their Function in Clean and Green Energy Technologies

For green energy technologies, Tb, Dy, Nd, and Yt are the most important rare earth elements.
U.S. Department of Energy (2010) claims that these elements are essential to the energy supply
because of their supply and demand. In order to meet human requirements on the world today,
clean and green energy is required. Future predictions indicate a steady rise in the use of renewable
energy technologies (CETs), including electric cars, solar cells, wind turbines, and fluorescent
lighting. Key components used in the production of these technologies include REEs (Dy, Nd, Tb,
Eu, and Yt). The US Department of Energy (DOE) states that Yt, Dy, Nd, Tb, Eu, and Ce are critical,
and La and Ce are almost critical. REEs are important for low-carbon technologies. According to the
US Department of Energy (2010), there are a number of reasons why certain REEs are essential for
supply. China is the country with the greatest reserves of rare earth elements (REEs) in the world,
followed by Greenland, Australia, Canada, the USA, South Africa, Tanzania, Brazil, Vietnam, and
Russia. The volume, quality, and cost of refining determine their processing, economics, and
feasibility (US Department of Energy, 2010) [24].

For the past few decades, non-renewable resources like coal, natural gas, and oil have
provided the majority of the world’s energy demands. In the contemporary world, consequences
like air pollution, climate change, and global warming have gained immense importance.
Furthermore, the necessity to diversify the energy portfolio in the direction of a global green energy
system has already arisen due to the volatility of oil prices, economic risks, geopolitical concerns,
and upcoming difficulties like peak oil. In order to meet the demands of future energy, renewable
energy sources including wind, solar, and tidal energy have drawn attention from all around the
world. Within this framework, advanced and eco-friendly energy collecting technologies like solar
panels and wind turbines are the best features of REEs, particularly HREEs [25].

The principal energy source for the world will rise at an average annual rate of 1.3% by 2035.
More than 75% of the world’s energy supply will come from fossil fuels by 2035, making them the
main energy source. The fastest-growing energy source is renewable energy, which is expected to
expand by more than 10% by 2035. Due to the rising demand for energy-saving and green power
generation, applications of rare earth elements (REEs) in permanent magnets with wind turbines
and other energy-efficient technologies will become increasingly important in the future years.
Electric vehicles, catalytic converters, and NiMH batteries will all help to lower greenhouse gas
emissions and slow down global warming. The demand for REEs will increase in tandem with the
growth of the renewable energy sector. As a result, the demand for each unique REE will increase
differently. Table 1 displays the average amount of each particular REE used in each application,
while Figure 10 shows the global demand for clean technology-derived REE.

Table 1. Average volume of individual REE for clean technologies.

Application La (kg) Ce(kg) Nd(kg) Eu(kg) Tb(kg) Dy Y (kg)
_(kg)
NiMH 0.61 0.86 0.255
battery(/battery)
Electric 0.45 0.075
vehicles(/motor)
Wind turbines (/WM) 120 12

Electric bicycles 0.038 0.031
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(/motor)
LFL (/bulb) 0.000462  0.000137 0.0000945 0.000105 0.0013
LED (/bulb) 0.0000004 0.000005
CFL (/bulb) 0.0000765 0.00018 0.0000405 0.000045 0.000558
Catalytic converter 0.02
(/auto)
Source: US DOE
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Figure 10. Global demand for REO from clean technologies in 2016, 2020, 2025, 2030.

It is estimated that by 2016, 2020, 2025, and 2030, the demand for clean technologies will be
33.9, 33.3, 33.6, and 51.9 kt REO. LFL and CFL lighting’s market share will decrease over the next
few years as LED lighting becomes more and more popular and REE demand for CFL and LFL
lighting declines. In the clean market, the percentage demand share of REO (rare earth oxides) from
lighting will decrease to 3.2% in 2030 from 29.2% in 2016. On the other hand, it is anticipated that
the oxide demand for Tb, Yt, and Eu for lighting purposes will drop to 16.6%, 16.4%, and 17.2% of
the level of 2016.

On the other hand, different levels of growth will be seen in the electric car, NIMH batteries,
wind energy, and catalytic converter markets. This suggests that Nd and Dy oxides will be more
important in the future development of renewable energy, while Eu and Tb will be less so. In order
to predict future trends in REE production and consumption, we looked at two fundamental
possibilities in our analysis. (1)A conservative growth rate of 3% per year for REE output, and (2)An
enthusiastic growth rate of 5% per year for REE production. A growth scenario for the production
of REEs at 3% and 5% is shown in Table 2. The essential raw material for permanent magnets, Nd,
does not fulfill the increasing demand through conservative scenarios but rather through optimistic
ones. Under the conservative scenario, Tb, Y, and Eu elements will be significantly higher over the
coming years. Furthermore, Dy will lose out in both situations because by 2030, production of this
element can fulfil 50% to 70% of the demand from clean technologies in the two different scenarios.
In the next years, Nd and Dy will be essential elements of clean technologies, and the result of any
new REE project will largely depend on their performance. Additionally, there will be an imbalance
in the market between the supply and demand for each unique REE [26].
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Table 2. Global REE production at 3% and 5% annual growth rate.

Scenario Year Nd Eu Tb Dy TREO
Current 2012 21,669 367 348 1362 131,100
3% annual 2020 27,449 464 440 1725 166,073
Growth rate 2025 31,821 538 511 2000 192,524
2030 36,890 624 592 2318 223,189
5% annual 2020 32,014 542 514 1012 193,694
Growthrate 2025 40,860 692 656 2568 247,208
2030 52,149 883 837 3277 315,507

Source: REE production data in 2012 from CE

2. REE Extraction and Recovery from E-Waste

The primary driving force behind recycling electronic waste is the recovery of rare earth
elements (REEs). Siderophores, bioleaching, and biosorption are the techniques used for the
recovery and separation of REEs. E-waste recycling is a serious issue. REE recovery.
Hydrometallurgy, pyrometallurgy, and materials derived from carbon. Every technique or
treatment has benefits and drawbacks. This section discusses the many methods and procedures
used to recover rare earth elements (REEs) from electrical waste.

Techniques of recovery and separation of REEs from e-waste
Bioleaching

Mesophiles, moderately thermophilic bacteria, and extremophiles are examples of
microorganisms that can be used in bioleaching, an efficient method of recovering metal from
primary and secondary sources. It is particularly useful in the commercial recovery of certain
metals from their ores, including molybdenum (Mo), copper (Cu), zinc (Zn), nickel (Ni), arsenic
(As), cobalt (Co), antimony (Sb), gallium (Ga), palladium (Pd), platinum (Pt), and osmium (Os).

Research has looked into the extraction of rare earth elements (REEs) from electronic waste
using bio-recovery, which includes bio-reduction, acidolysis, biomineralization, and cyanogenic
bioleaching. Bioleaching can also be applied for the extraction of metals from mines, flay ashes,
contaminated soils, sludge, and spent catalysts. The results demonstrated that bio-recovery is a
more economical and environmentally benign method of recovering valuable metals from waste
electrical and electronic equipment (WEEE) than other techniques like hydrometallurgy and
pyrometallurgy. These methods have allowed for a greater understanding of metal mobilization,
toxicity processes, and biotechnological process optimization in order to recover rare earth elements
(REEs) from electronic waste. Ilyas and Lee (2014) have recovered 99% of the copper metal from
biomass waste by the use of bioleaching. They found that recovering copper metal from biomass
results in less pollution than conventional metal processing. They further claimed that this method
might be used to recover metals from their ores and other secondary sources, like electronic waste.
A summary of some studies on the bioleaching technique for removing REEs from WEEE is
provided in Table 2.

Biosorption

Biosorption is currently one of the biological techniques that receives the most attention in the
field of recovering metals from electronic waste due to its unique qualities, which include high
regeneration, fast kinetics, high recovery efficiency for metals in low concentrations, and the
absence of secondary residues. It is inexpensive, operates and uses in situ with great efficiency,
removes impurities from aqueous solutions with high efficiency, and doesn’t create any chemical
sludge. Furthermore, in contrast to traditional methods, it is simple to integrate with any system.
Numerous experiments have been conducted in recent decades to recover rare earth metals from
electronic trash by employing algae, fungi, and bacteria as biosorption materials. In addition, the
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biosorption of metals is influenced by temperature, pH, agitation rate, contact time, and beginning
metal concentration, as shown in Figure 3. The effectiveness of recovering metals from electronic
trash is also influenced by the optimum process settings and the adsorbent’s technology
compatibility.

Biosorption technology has made it possible and reasonably priced to extract rare earth
elements (REEs) from electronic waste. To determine the precise compatibility of different
biosorbents for the recovery of metals, more research must be done.

Siderophores

Siderophores are small, highly-affinity molecules that chelate iron and are secreted by
microorganisms such as bacteria, fungi, and grasses. The chelator molecules are produced to seek
for Fe+3 in the environment in order to satisfy the microbe’s metabolic needs. They are considered
to be the best ligands for ferric ions. In addition, siderophores may also be particularly attractive to
other metals, which may uncover fresh information on an interesting method for recovering rare
earth elements that is safe for the environment and biological systems. Studies have evaluated the
effectiveness of rare earth element (REE) recovery with siderophore chemical leaching. Research
has shown that siderophores have a significant preference for the naturally occurring substance
desferrioxamine. Siderophores are a more cost-effective, rapid, reversible, and ecologically benign
method of recovering rare earth elements (REEs) than existing techniques. Tiny amounts of REEs
are recovered from a variety of electronic wastes that have reached the end of their useful lives.
Siderophores have a high degree of stability, similar to other end-of-life electronic wastes, which
can enhance the recovery of rare earth elements (REE) from secondary sources. It has a specific
application for the recovery of rare earth elements in the future and can be applied to many
different environmental domains.

Pyrometallurgical process

Pyrometallurgy is a popular thermal method that can be used to recover metals from electronic
waste. In addition to smelting in a copper smelter, blast furnace, or plasma arc furnace, this
procedure also entails high heat roasting in the presence of certain gases and cremation in order to
recover predominantly non-ferrous metals.This technique is also notable for using a lot of energy.
On the other hand, it is particularly effective at recovering specific rare earth elements from
electronic waste. One relates to the environmental issue caused by dioxin production, high-tech
smelting that can result in the production of slags and the development of another industrial
system, and the discharge of hazardous compounds. An additional problem is the requirement for
a more sophisticated, and therefore more expensive, control emission system.

Furthermore, prolonged periods are needed for the recovery and separation of valuable
metals. Consequently, integration of pyrometallurgy and electrorefining is necessary for the
complete extraction of metals from electronic waste. Figure 4 depicts all product streams and the
ensuing waste stream treatments, as well as the intricate processing phases based on industrial
designs. Another technique is vacuum pyrometallurgy, which uses sublimation or distillation to
extract rare earth elements (REEs) from electronic wastes by creating a pressure differential.
However, additional study is needed to improve process performance in the future by taking into
account cheaper feedstock, process intensification, and various process configurations.

Hydrometallurgical process

One chemical technique that can be used to remove metals from electronic trash is
hydrometallurgy. The technique of extracting rare earth elements (REEs) from electronic trash
involves the use of a chloride solution to extract elements including gadolinium, yttrium, and
lanthanum. However, there are certain disadvantages to this method, including the production of
sludge, heavy metal contamination, and toxicity. There are two phases involved in the
hydrometallurgy method of recovering and extracting REE elements from electronic trash.
Leaching metals from electronic trash with mineral acids is the first stage. Metal leaching from
electronic waste can be influenced by a wide range of variables, such as redox potential, leaching
kinetics, lixiviant type, particle size, pH, temperature, and agitation. The second phase of the
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procedure involves employing adsorption, liquid-liquid extraction, cementation precipitation, and
electro-winning to recover the dissolved metals from the leachate. This technique, which uses an
ionic liquid and precipitation to recover the metals, has been proven to be quite effective.
Nevertheless, secondary sludge is produced when metals are recovered by precipitation.
Furthermore, numerous studies have demonstrated that the problem of sludge generation might be
resolved by recovering metals through adsorption and electro-winning. In general, there are several
hydrometallurgical methods for separating REEs from WEEE [27].

3. Ionic Liquids and Their Uses in the Processing of E-Waste

Ionic liquids (ILs) are substances with a melting point below 100 °C and are composed entirely
of ions. Over the past 20 years, a lot of attention has been paid to inorganic semiconductors (ILs)
because of their unique combination of physicochemical properties, including low volatility, high
thermal stability, strong dissolving powers, low flash points, high chemical stabilities, catalytic
activities, a tunable range of polarities, and relatively high electro conductivities. A variety of
anions can be added to cations to change their architectures and hence adapt the necessary
physicochemical properties for a given application [28]. ILs provides some unique features while
producing inorganic compounds. ILs can aid in the dissolution of a range of precursors, including
both organic and inorganic compounds, which is necessary for the synthesis of most materials.
Imidazolium ions (ILs) are frequently employed to offer a distinct microphasic separation of the
hydrophilic and hydrophobic fragments due to their extended alkyl chain. The diversity of ILs
enables the control of nucleation and growth rates, particle sizes, and morphologies during the
synthesis of compounds. In addition, ILs have several other desirable characteristics that make
them an attractive alternative to conventional organic solvents in the production of inorganic
substances and high-temperature reactions in melts or the solid state. These properties include high
polarizability for microwave synthesis, wide electrochemical windows, high conductivity for
electro deposition, and good thermal stability in ionothermal synthesis [29].

Ionic liquids (ILs) are a class of solvent that have been proposed as volatile organic compound
alternatives for various applications due to their unique properties in recent times. Chiral ionic
liquids, or CILs for short, are a subclass of ionic liquids in which the cation, anion, or both have a
chiral moiety. Subsequently, a great deal of information about CILs has been gathered and studied
for a variety of uses, such as chiral selections, backgrounds for electrolytic ingredients,
chromatographic and electrophoretic techniques, and separation processes where CILs have been
used as chiral ligands. Various CILs possessing chiral recognition properties have been utilized as
NMR chiral shift reagents for racial discrimination. Aqueous biphasic systems based on CILs and
salts were proposed in 2015 for the enantiomeric separation of amino acids [30].

In 1998, the use of ionic liquids for metal ion extraction was first documented. Because of their
benefits over conventional organic solvents, ionic liquids are an intriguing option for extraction
research. They are non-volatile because at ambient temperature they have a very little vapor
pressure. In comparison to traditional organic solvents, they are also less flammable, have a wider
liquidus range, and have better thermal stability. Less harmful substitutes for volatile organic
solvents are being sought after, as worries about the safety and environmental effects of these
solvents become more pressing. Owing to their wide range of cations and anions, which can be
chosen to produce ionic liquids with the right qualities for a particular application, ionic liquids are
frequently referred to as designer solvents. Ten Ionic liquids for solvent extraction can be made to
dissolve the extracted metal complexes while also being immiscible with water (hydrophobic ionic
liquids) [31].

4. Health and Environmental Issues with longer-Lasting, Cleaner Solutions

The handling of e-waste in the formal sector has an irreversible impact on human health and
the environment. Most EEE components include dangerous compounds that, if not handled with
extreme caution, could endanger both human health and the environment. Living close to
businesses that recycle and burn waste might cause major health issues for nearby residents (Table
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3). Not only does inadequate handling of e-waste have an immediate impact on human health, but
it also has far-reaching effects. Additionally, there are unintended health effects from eating crops
cultivated in e-waste-contaminated soil. The groundwater is contaminated by the unlawful dumps,
which has an impact on the food chain and causes a number of ailments. Certain metals that end up
in rivers degrade the water’s suitability for drinking. Toxic vapors can be emitted into the air as a
result of the open burning and acid leaching of e-waste, which can result in death or irreversible

harm to the respiratory system. The globe may experience issues like global warming and ozone

layer depletion as a result of atmospheric pollution. Pollution from heavy metals will eventually

make its way into the food chain and diminish soil productivity. Metal contamination causes
genotoxicity, which damages genes and leads to the condition known as cancer. Children, workers
at processing plants, and pregnant women are the most vulnerable groups impacted by illicit
behaviors (Figure 11) [32].

Table 3. Health hazards and environmental impacts.

E-waste component

Process  followed by

informal sectors

Potential health hazard

Potential

environment impact

Dismantled PCB | Open incineration of PC | Toxicity of tin, lead, | Brominated dioxins,
processing boards brominated dioxin, | beryllium, cadmium
beryllium, cadmium, | and mercury
and mercury inhalation | inhalation, as well as
in employees and nearby | tin and lead
residents pollution of the
nearby environment,
including  surface
and groundwater
Printed circuit | De-soldering and | * Inhalation of tin and Probable emission of
boards separating computer lead the exact substances
(PCBs) chips * Inhaling potential into the atmosphere.
brominated dioxin,
beryllium, cadmium,
mercury and
Berrylium
Plastics from the | Loer temperature melting | Workers living in the | Brominated dioxins,
computer and | and shredding burning operations | heavy metals and
peripherals vicinity may have been | hydrocarbons
exposed to | emission into the
hydrocarbons, atmosphere

brominated dioxin and

PAH.

Cathode Ray Tubes
(CRT)

Breaking of th e copper
yoke, removal of copper
and

yoke openly

discarding it in landfills

o Silicosis commonly
known as Miner’s
phthisis

o Inhalation of
phosphor-containing

cadmium or other

Leaching of heavy
metals such as lead,
barium and others
into ground water as

well as the release of
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metals, or skin contact toxic phosphorus
with the same

Gold-plated Chemical ~stripping of | ® The eyes or skin e Direct release of
substances and | contaminants along coming in contact with hydrocarbons,
other chips riverbanks with nitric and acid and cause lifelong heaV}f metals,
hydrochloric acid damagt.e. . brom%nated
e Inhalation of acid mists | chemicals and
and fumes, chlorine other pollutants
and sulphur dioxide into the river and
gases can cause its banks.
respiratory irritation e Acidification of the
and lead to serious river, which kills
consequences such as fish and plants.
circulatory failure,
pulmonary edema, and
death.
Wires Open incineration for the | Workers living in the | Discharge of
recovery of copper burning operations | hydrocarbons  and
vicinity may have been | ashes, including
exposed to brominated | PAHs, into the air,
and chlorinated dioxin | water and soil
and PAH
Smelting of | Steel or copper is | Dioxins and heavy | Dioxins and heavy
secondary steel, | recovered from waste | metals may be exposed | metals are released
copper and | water in the France to workers into the
precious metals environment,
contaminating  the
air
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Open incineration and
acid leaching leading to Inhalation of toxic fumes
air pollution , ozone & exposure to heavy

depletion, green house metals causing lung
effect, climate change cancer, brain damage

Illegal landfills/ Dump Consumption of
yards: Top soil contaminated water
contamination with resulting in skin cancer
heavy metals diseases

Groundwater
contamination making
water non potable &
increasing the scarcity of
fresh water sources

Lack of safety in workplace:
Absence of safety gears
resulting in open wounds
and exposure to toxic metals

Figure 11. Hazards leading to the dominance of informal sector.

Impact of E-Waste

There are numerous negative repercussions on both individuals and the environment as a
result of electronic trash. The mishandling and advancement of technology has made this
predicament extremely dangerous for human existence. The two primary requirements that
electronic waste negatively impacts are the natural world and the well-being of humans.

On human health

Since then, air pollution has led to a rise in human exposure to dioxin, reaching levels up to 56
times the WHO's recommended maximum. Humans can consume large amounts of dioxin through
food, drink, and the air, which poses a major health concern. Humans have higher levels of dioxin
in their hair and placentas. The health effects of e-waste are shown in Table 1 in direct proportion to
its harmfulness. Human health is at serious risk due to an exponential rise in e-waste generation
over the past ten years. Because of e-waste, people can become unwell from a variety of sources,
including eating, breathing, and most commonly by skin contact. Table 4 describes the dangerous
components of e-waste, human diseases linked to them, and the effects these components have on
humans.

On the environment

The impact of e-waste on human health is one of its main features. This also qualifies as a
component of the environment. The air, water, and soil are among the primary environmental
elements that are impacted by inappropriate management of electronic trash. Ineffective waste
management leads to the creation of landfills, the discharge of hazardous chemicals into the
environment and negative health consequences on people

Harmful effects on air
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Informal e-waste dismantling, shredding, or melting releases dust and chemicals, including
dioxins, into the atmosphere that aggravate respiratory conditions and cause air pollution.
Electronic garbage emits difficult-to-handle, ultrafine particles that can cause cancer and other
health problems in both humans and animals. These wastes are very dangerous, especially for
people handling them. Air pollution has been rising substantially as a result of this waste. Over
time, pollution of the soil, water, and air causes harm to the ecosystem.

Harmful effects on soil

Heavy metals and flame retardants from electronic debris can contaminate groundwater and
crops that are cultivated nearby or in the future by leaking into landfills and abandoned places.
When heavy metals are present in the soil, crops may absorb poisons, which can lead to disease and
lower agricultural productivity. Those who depend on nature also had internal problems as a result
of the threat to plants and animals.

Harmful effects on water

Heavy metals like mercury, lead, barium, and lithium that have contaminated soil as a result of
e-waste are found in groundwater. These heavy metals eventually make their way into lakes,
ponds, and rivers once they enter groundwater. Even when towns are located kilometers away
from recycling facilities, these paths lead to acidification and toxicity in the water, which is
dangerous for plants, animals, and people. It is also challenging to get safe drinking water. The
various components of e-waste that are present and have an environment that might disturb and
impact the entire ecosystem are shown in Table 5 [33].

Table 4. Disease caused by E-waste in human beings.

Hazardous | Presentin Consequences of hazardous components | References
Components being present in e-waste
Barium Fillers for plastics and | Heart muscles can be affected by this [34,35]

rubbers as well as

electron tubes

CD PCB Dbatteries, some | Joints and the spine are particularly | [36-38]
pigments, solders and | vulnerable, resulting in terrible pain. It
alloys weakens the bone and damage the kidneys

Arsenic Semiconductors, diodes, | The nervous system and the skin may be | [39-41]
microwaves, LEDs, | impacted. Long-term asbestos exposure can
solar cells cause lung cancer

Asbestos Insulators in heating | Breathing problems, coughing, lung | [42,43]
equipment’s damage, and even cancer are all serious

adverse effects

BFR Different casing, circuit | The reproductive and immune systems may | [44,45]
boards, chips be harmed. Hormone imbalances and

endocrine system issues are possible effects.

CR Dyes, pigments Asthma, bronchitis, lung cancer, as well as | [46]
damage to the liver and kidneys, are all side

effects

Dioxins (PWB), different types | Increased cancer risk [47]

of cables and from

metal smelting
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CFC Cleaning solvents, | There is risk of skin cancer and perhaps | [48]
refrigerants, and | genetic harm as a result.
aerosols propellants
Pb Thermal elements that | The kidneys, reproductive system, and | [49,50]
convert  heat into | nervous system may all be impacted. It’s
electricity, ~such  as | possible that this causes blood and brain
thermoelectric elements, | illnesses.
thermocouple, and
thermistors
Li Batteries of mobile, | Long-term exposure to lithium vapours can | [51-53]
photographic element cause nausea, vomiting, disorientation, and
muscular weakness, and other things
PCB Transformers, Damage can occur to the immunological | [54-56]
capacitors, softening | system, reproductive system, neurological
agents system, and endocrine system. PCBs are a
concern to the environment as a result of
their continual pollution.
pPvVC Cables, insulation | It can cause respiratory and immune system | [57-59]
coating damage.
Hg Batteries, flat screen | It has deleterious influences on the central | [60]
monitors, copper | nervous system, kidneys, and
machines, switches immunological system, as well as on foetal
development. It has the potential to harm
the brain or liver, as well as cause skin
issues.
PAH Wiring, printed circuit | Eye discomfort, nausea, vomiting, diarrhea, | [61,62]
boards and disorientation are all possible side
effects of this medication. Long term
exposure can result in cataracts, kidney and
liver damage, as well as jaundice and other
symptoms.
Table 5. Environmental impact of E-waste components.
E-waste Components Environment Impact
From metal smelting Emission of dioxins causes cancer and tumour
risks.
Circuit Boards Air emission of substances
CRT (Cathode Ray Tube) Heavy metals such as lead, barium, and other
heavy metals, as well as harmful phosphorus
are leached into groundwater.
Computer Wires Hydrocarbons discharged into the atmosphere,
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water and soil.

Chips and gold-plated components Hydrocarbons, heavy metals, brominated
compounds and some other chemicals dumped
into the rivers and oceans that cause the

problems of acidification and toxicity which

badly harms the flora and fauna

Environmental impacts of e-waste

This chapter describes the poisonous and hazardous materials found in e-waste as well as the
harmful effects they have on the environment, including chemicals. This also introduces the
environmental risks pollution and other environmental impact that come with various e-waste
recycling stages.

Long-term environmental hazards of e-waste

The primary dangers that e-waste presents to the environment and public health are caused by
the heavy metals, organic contaminants, and other potentially dangerous materials found in it. The
primary hazard is the pollution that is discharged into the atmosphere following the destruction of
electrical devices during official or informal disassembly procedures. Pollutants are released into
the air, dust, soil, and water during the processing of e-waste. Subsequently, these contaminants
may reach the human body through biological chains and geochemical cycles (Figure 12).
Pollutants of many kinds, including heavy metals, persistent organic pollutants, and dust
volatilization, can be spread through the air. Dioxins, heavy metals, and components of nitrogen
and sulfur are emitted into the environment during combustion. In the end, these pollutants will
build up in the groundwater, vegetation, and animal community, posing health risks to both people
and animals, as shown in Figure 12.

Children in Vietnam’s unofficial e-waste treatment hamlet consumed 3.9 times as much Pd,
Cd, Cr, Ni, and As per day on average as children in the reference village (p<0.001).Heavy metals
were created during the dismantling process of e-waste, according to a survey conducted in
Wenling, Zhejiang, China, one of the largest e-waste dismantle sites in China and a commercial
grain production area. There was an increase of 0.11, 11.81, 1.01, and 6.82 mg kg-1 in the average
soil concentrations of Cd, Cu, Ni, and Zn between 2006 and 2016. According to a report from
Guiyu, China, the release of polychlorinated biphenyls during the recycling of electronic debris was
the primary source of human exposure. Even though recycling e-waste requires advanced
technologies, it can be difficult to regulate the complex contaminants created throughout the
process. Because of the intricate disassembly procedure, there are problems with leftover organic
residue and heavy metals in the air, land, and water. A negative pressure hood system can lessen
worker exposure to dangerous particles including PBDEs, but there may still be a risk to their
health. A study was conducted to determine the presence of flame retardants and organic
phosphates in the soil, sewage, and outdoor air near official e-waste disposal facilities. These
facilities require regular waste incineration, e-waste breakdown and recycling, and authorized
waste dumping. Long-term environmental concerns may arise from some materials utilized in the
recycling of e-waste. These components consist of bottom ash, floating dust, combustion fumes,
leachate from hydrometallurgy, suspended particulate matter, waste water from crushing and
disassembling machinery, waste lipids from various chemical operations, and cyanide leaching
[63].
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Figure 12. Schematic of environmental and health impacts of e-waste.

5. Challenges and Perspectives

Reusing and recycling e-waste materials have increased recently in an effort to implement the
circular economy (CE) idea. There is a great deal of potential to recycle REEs along with other
elements including Cu, Fe, Ag, Au, Pd, and Al, even with the increasing contamination of REEs due
to improper disposal of the increasing amount of e-waste. Solvent extraction (SX) is now the most
widely utilized technique for removing REE from e-waste. SX has a number of drawbacks despite
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being widely used in commerce. For instance, it uses a lot of toxic and/or flammable solvents, which
could be extremely dangerous for both human health and the environment. Due to their low
volatility and non-flammability, ILs are seen as a greener solution to organic solvents for this issue.
Nonetheless, a number of significant obstacles still need to be overcome, including the scarcity of
true e-waste data for IL extraction, the recycling and reuse of ILs following the extraction of REEs,
and the high cost of large fluorinated ILs. Thus, more investigation is required to gather
information on the extraction effectiveness and selectivity of TSILs on an industrial scale,
particularly in relation to actual e-waste such fluorescent powder, NdFeB magnet, and SmCo
magnet. The higher extraction efficiency of acidic extratants makes them more effective than neutral
ones. When using ILs as diluents, soluble extractants like DODGAA are advised. By mixing several
ILs, it is possible to separate REEs selectively. Not only that, but quaternary ammonium or
phosphonium based ILs, which are non-fluorinated hydrophobic and have long alkyl chains, may
reduce their cost. Moreover, primary amines are better than quaternary ammonium or
phosphonium-based ILs due to their extremely basic character. A certain metal can be selectively
targeted by an IL by using the right cation and anion combination. Prior to commercial application,
it is imperative to verify the reusability of TSILs through several loading/stripping tests, as well as
their extractability and selectivity. If it is possible to distinguish LREEs from HREEs, it is imperative
to separate intra-REEs for LREEs and HREESs in order to obtain high selectivity. Queen University
Belfast and serne technologies recently received a patent for utilizing TSILs to extract and separate
REEs, Nd, and Dy from an acidic aqueous medium [64].

In developing nations, e-waste can contaminate towns and cities, endangering public health
and the environment. Using Guiyu, China as an example, has a high concentration of dioxins,
which cause cancer, and a big volume of e-waste. Numerous dangerous materials might be found
in the e-waste. Hazardous procedures including burning, crushing, or acid baths are caused by the
entry of poisonous compounds like Pb, Cd, Hg, and As into the environment and ground. Because
of the potential for hazardous substances to represent a serious harm to both human health and the
ecology, it is illegal to dispose of electronic trash in landfills in the United States and other modern
countries. Furthermore, the majority of developing countries do not have these regulations and
reject a significant portion of these imports. To enhance e-waste management conditions, the US
Protection Agency (EPA) and the Taiwan Environmental Protection Agency arranged a workshop
for 11 countries in the international E-waste management network in 2018. Their goals are to
evaluate the markets for e-waste, safeguard the environment, and improve cooperation with
manufacturers and other innovative technology [65].

6. Prospects

The validation dataset included common electronic trash products such laptops, keyboards,
mice, and monitors. Accurate prediction can also aid in the identification of different types of e-
waste, which advances knowledge of the composition and management of e-waste. A “business as
usual” scenario predicts that by 2050, there would be more than twice as much e-waste produced.
To be sustainable, the processes involved in the creation, utilization, and disposal of e-waste must
be greatly altered. The lack of collecting and withdrawal procedures causes a big gap between the
volume of data produced and the capacity for recycling [66].

The goal of this application is to increase human-computer interaction by transforming
cognitive processes into a digital paradigm. Algorithms that learn on their own, such data mining,
natural language processing, and pattern recognition, allow computers to carry out tasks formerly
exclusive to humans. Through their user interfaces, machines and people can interact. Natural user
interfaces, like gestures, make devices more engaging and user-friendly by enabling people to use
them through instinctive and natural behaviors. The industry’s future direction places the human at
the center of the system while integrating technologies.

The computational capabilities of quantum computing are derived from their collective
features, including interference and amusement. Users can also better understand behavior and
motivations through interaction with other users. Devices that carry out quantum computations are
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known as quantum computers, and their primary function is to compute the likelihood of an object
state prior to measurement [67].

7. Conclusions

Technology now has a great reliance on rare earth elements (REEs) since it is more dependent
on electronics than it has ever been. Electronic devices break down too soon, creating massive
amounts of e-waste annually, which calls for the creation of a waste management strategy
specifically for this type of trash. Due to the growing global shortage and supply issues, the usage
of rare earth elements (REEs) in a range of industries, including aerospace, healthcare,
transportation, and communications, has received a lot of attention in the last 20 years. The
ecosystem can be severely harmed by inappropriate treatment and storage of e-waste because
aquatic habitats include REEs or even more dangerous metals (like Pb and Hg). Rare earth element
demand is expected to rise sharply in the near future due to fast emerging green technologies like
solar panels, wind turbines, electric car batteries, and other applications where these metals are
widely used, along with rising pricing.

In terms of environmentally friendly separation and reduced hazards of toxicity and explosion,
inorganic/volatile solvents (IL) show promise as a substitute for the selective recovery of rare earth
elements (REEs). Recycling and recovering rare earth elements (REEs) from garbage is a crucial
issue because of the growing demand for these elements and their growing use in green
technologies. The most popular methods for recovering rare earth elements (REEs) from electronic
trash were examined in this study. These methods included hydromettalurgical process,
siderophores, pyromettalurgical process, bioleaching, and biosorption. Warm temperature
recycling offers a bright future, but there are a number of clear challenges that need to be overcome,
including (i) the wide variety of wastes produced; (ii) the influence of contaminants on the recycling
process; (iii) optimization for mutual separation of REs (Nd, Dy, and Pr); and (iv) viability
(economics and lifecycle). The need for REEs’ clean technologies will first decrease before
increasing. The need for REE from clean technologies is anticipated to surpass 50 kt REO in 2030,
despite the fact that it will decrease from 33 kt in 2016 to 32 kt in 2020 and then increase to 34 kt in
2025.

This study investigated the spatial properties of rare earth elements (REEs) in the Yangding
River, a typical urban river, as well as the relationships between land use and human-derived REEs
in river water. The presence of rare earth elements (REEs) has an impact on Cotonou wastewater,
with heavy REEs being more abundant than light REEs. Europium and gadolinium were the two
primary REEs. In conclusion, it is currently evident that several programs have been launched
globally to address the issue of e-waste. More study should be done, in particular, to investigate
creative ways to handle e-waste in order to make it more persistent, sustainable, and
environmentally benign.
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