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The lithium-ion battery market is increasing exponentially, going from $12 billion USD in 2011 to $50 billion
USD in 2020 [].Estimates now forecast an increase to $77 billion USD by 2024 [].Data from the International
Energy Agency shows a sixfold increase in lithium-ion battery production between 2016 and 2022 [] (Fig.
1).Therefore, combined with estimates from ...

Used lithium-ion batteries from cell phones, laptops and a growing number of electric vehicles are piling up,
but options for recycling them remain limited mostly to burning or chemically dissolving shredded batteries.
The current state of the art methods can pose environmental challenges and be difficult to make economical at
the industrial scale.

According to Yang et al. (2018), there are about 230,000 Mt of Li dissolved in the seawater and it is present in
the Earth"s crust at between 20 and 70 ppm by weight, mainly in igneous granite rocks.New clays like
hectorite resources are rare. This creates a significant problem for scientists to develop novel approaches for
efficient extraction processes from ...

3. Waste lithium-ion battery and pre-treatment 3.1 Waste lithium-ion batteries Research on lithium recycling
has focused mainly on discarded lithium-ion batteries. Lithium-ion batteries function by the movement of Li+
ions and electrons, and they consist of an anode, cathode, electrolyte, and separator. The cathode, depending
onits

Sodium-ion batteries (SIBs) with the advantage of alower cost are being developed to replace LIBs, but there
are still barriers to their large-scale commercial application. Therefore, the high added value of recycling
lithium batteries makes the process imperative, and should significantly reduce the cost of fresh raw materials.

Lithium-ion batteries have become a crucia part of the energy supply chain for transportation (in electric
vehicles) and renewable energy storage systems. Recycling is considered one of the most effective ways for
recovering the materials for spent LIB streams and circulating the material in the critical supply chain.
However, few review articles have been ...

Scientists are developing improved ways to recycle and recover some of that lithium. Typica methods for
recycling these batteries require harsh liquid chemicals or heat to complete the process. These processes can
produce toxic byproducts and require large amounts of energy. Process overview, left to right: Fast charge of
the lithium-ion battery.

This review focuses on innovative lithium-ion batteries recycling and the most fitting process for recovering

critical materials of all types of utilized LIBs. ... a subsidiary of Lithium Australia, is attempting to patent its
own lithium battery recycling method. The R& D is being carried out in collaboration with Murdoch
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University, with a....

Decarbonisation of energy will rely heavily, at least initially, on the use of lithium ion batteries for automotive
transportation. The projected volumes of batteries necessitate the development of fast and efficient recycling
protocols. Current methods are based on either hydrometallurgical or pyrometallurg 2021 Green Chemistry
Hot Articles Battery science and technology - powered ...

The significant deployment of lithium-ion batteries (LIBs) within a wide application field covering small
consumer electronics, light and heavy means of transport, such as e-bikes, e-scooters, and electric vehicles
(EVs), or energy storage stationary systems will inevitably lead to generating notable amounts of spent
batteries in the coming years. Considering the environmental ...

Historically, lithium-ion battery recycling has been limited by the volatile pricing of raw materials, lack of
recycling plants, and absence of regulations. However, advances in recycling methods, high growth potential,
and a fixed amount of rare metals have made recycling more attractive as market size projections could reach
$13B by 2030 .

There is a need to develop technology to enable a resource-efficient and economically feasible recycling
system for lithium-ion batteries and thus assure the future supply of the component materials. ... research areas
are suggested that could enable development of improved recycling methods. The most promising research
areas are separation ...

The above two existing recycling methods commonly used in industry are based on the destruction of the
cathode structure and the extraction of valuable elements (Li, Ni, Co, and Mn). ... Her current research is
focused on lithium-ion battery recycling. Zheng Chen is an associate professor at the Department of
NanoEngineering, Chemical ...

1. Introduction Discussions regarding lithium-based technology have dominated the field of energy research in
recent years. From the first commercialization in 1991, the lithium-ion battery has been a core energy
technology and it has been continuously researched for several decades for the development of the future
energy market. 1-7 Lithium is attracting attention asitisakey ...

1. Introduction. Lithium-ion batteries provide power for applications from electric vehicles (EVs) to energy
storage systems to smart phones. The industry is expected to grow to $98 billion worldwide by 2025 [1], even
with unresolved challenges for lithium-ion lifetime limitation [2, 3] and end-of-life liability for
disposal/recycling.An early-stage forecast for an acceptable ...

Power lithium-ion batteries (LIBs) are an important component of carbon neutrality in the transportation
sector. The rapid growth of the LIB recycling industry is driven by various factors, such as resource scarcity.
As a process interacting upstream and downstream, LIB recycling must consider the impact of the application
of modeling approaches on the allocation ...
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In the early 2000"s, a lithium-ion battery recall became an opportunity for development of direct recycling
technology [1].The recycling framework of the time was not well suited for the challenges and opportunities
specific to lithium-ion, including: (1) electrolyte reactivity, (2) environmental health and safety (3) high-purity
harvesting techniques for whole ...

Lithium Resources and Reserves. Lithium is akey component of LIBs with very limited natural resources and
reserves. As shown in Fig. 3, very few countries such as Argentina, Bolivia, Chile, China, Australia, and the
USA have large resources and reserves of Li.The reserves are deposits, which are known to exist with a
reasonable amount.

Lithium-ion batteries (LIB) are the mainstay of power supplies in various mobile electronic devices and
energy storage systems because of their superior performance and long-term rechargeability [1] recent years,
with growing concerns regarding fossil energy reserves and global warming, governments and companies
have vigorously implemented replacing oil ...

Lithium-ion batteries (L1Bs) have become increasingly significant as an energy storage technology since their
introduction to the market in the early 1990s, owing to their high energy density [].Today, L1B technology is
based on the so-called "intercalation chemistry”, the key to their success, with both the cathode and anode
materials characterized by a peculiar ...

Demand for lithium-ion batteries (LIBs) increased from 0.5 GWh in 2010 to approximately 526 GWh in 2020
and is expected to reach 9,300 GWh by 2030 [1, 2].The technology has inherent advantages compared to
lead-acid, nickel-metal hydride, and nickel-cadmium storage technologies due to its high energy density [3],
high life cycle[4], and ...

The EU Battery Directive 2006/66/EC announced the waste batteries management and encourages all member
states to create new recycling technologies and develop studies into environmentally friendly and affordable
methods [] nding an efficient, safe, eco-friendly and economical recycling technologies is imperative as well
as development and optimizing the ...

Within the last two decades, lithium-ion batteries (LIBs) technology has been extensively applied in
wide-scale electric storage instruments, such as portable electronics, renewable power systems, and electric
vehicles (EVs) because of their outstanding characteristics of small size, high voltage and energy density, long
cyclelife, and low self-discharge (Nittaet ...

This review discusses physical, chemical, and direct lithium-ion battery recycling methods to have an outlook
on future recovery routes. Physical and chemical processes are employed to treat cathode active materials
which are the greatest cost contributor in the production of lithium batteries. Direct recycling processes
maintain the origina ...
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Through an in-depth analysis of the state-of-the-art recycling methods, this review aims to shed light on the
progress made in battery recycling and the path ahead for sustainable and efficient battery waste management.
... He, M_; Lin, X.; Cao, H.; Zhang, Y.; Sun, Z. Spent lithium-ion battery recycling--Reductive ammonia
leaching of metals...
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