Lithium ion battery recycling
oo hydrometallurgy

Is hydrometallurgical recycling a suitable method for spent lithium-ion batteries?

The hydrometallurgical process is considered to be the most suitable methodfor the recycling of spent
lithium-ion batteries. The current status of hydrometallurgical recycling technologies of spent lithium-ion
batteriesis reviewed in this paper.

Can lithium-ion batteries be recycled?

A series of hydrometallurgical procedures including pretreatment of the spent lithium-ion batteries, leaching
process and separation of valuable metals from leaching solution are introduced in detail, and their advantages
and problems are analyzed. Finaly, the prospects and direction of the recycling of spent lithium-ion batteries
are put forward.

Why is hydrometallurgy important in the recycling of batteries?

However,since non-noble metals such as aluminum and lithium are slagged in this process,further refining
steps,for examplethrough hydrometallurgy,are required to achieve high recycling efficiencies.
[71,72,246]Hydrometallurgy will therefore play a particularly important role in the recycling of the batteries
of the future.

What is the process of lithium ion battery recycling?
In this perspectivethe overall process of lithium ion battery recycling,especially the recent advances of
hydrometallurgical methods,are summarized,focusing on the leaching,separation,and purification processes.

Does accurec recycle lithium ion batteries?
Accurec (Germany) operates a LIB recycling processthat includes thermal,mechanical,pyrometallurgy and
hydrometallurgy steps (Fig. S6 +). The recycling plant treats 3000 tonnes of lithium-ion batteries annually.

What is a hydrometallurgical recycling process?

In Europe, hydrometallurgical processes are used for instance in Sweden, where the battery producer
Northvolt AB integrates a hydrometallurgical recycling process in the production cycle in order to secure the
raw material supply and to decrease the environmental impact of battery production.

Current and announced recycling sites for lithium-ion batteries in Europe. The interactive map in Figure 1
shows the recycling plants in Europe with corresponding capacities for lithium-ion batteries that are expected
to beinstalled by the end of 2024 and those announced for the coming years, as well as their operators.

Safe recycling of lithium-ion batteries at the end of their lives conserves the critical minerals and other

valuable materials that are used in batteries and is a more sustainable approach than disposal. Although there
is not one path that all batteries take at the end of their lives, lithium-ion battery recycling usually follows a
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similar ...

This paper provides a comprehensive review of lithium-ion battery recycling, covering topics such as current
recycling technologies, technological advancements, policy gaps, design strategies, funding for pilot projects,
and a comprehensive strategy for battery recycling. ... Hydrometallurgy is a promising recycling method due
to itslow energy ...

The growing demand for lithium-ion batteries will result in an increasing flow of spent batteries, which must
be recycled to prevent environmental and health problems, while ...

Bio-hydrometallurgy method of recycling involved the utilization of acid-producing microorganisms such as
fungi and chemolithotrophic and acidophilic bacteria (microbial metabolites) to leach metal values from spent
batteries. ... X. Lin, H. Cao, Y. Zhang, Spent lithium-ion battery recycling - reductive ammonia leaching of
metals from cathode ...

Typical direct, pyrometalurgical, and hydrometallurgical recycling methods for recovery of Li-ion battery
active materials. From top to bottom, these techniques are used by ...

Figure 2: Northvolt"s approach in Li-ion batteries recycling. At Fortum, the lithium-ion batteries are first
disassembled and treated during a mechanical process at Fortum's plant in Ikaalinen, Finland. The battery”s
black mass, containing critical metas, is collected and then taken to hydrometallurgical processing at
Fortum"splantin ...

Typical battery recycling processes are summarized, including pretreatment, pyrometallurgy, and
hydrometallurgy. o. The characteristics of the various parallel processes ...

The rapid growth in electric vehicles (EVs) and consumer electronics has catapulted lithium-ion batteries into
the spotlight as one of the most critical components for energy storage. But as the demand for these batteries
increases, so does the need for an effective recycling infrastructure to mitigate environmental risks and
conserve valuable resources.

A green chemistry hydrometallurgical process for recovering one or more metals from a metal-containing
material includes leaching the metal-containing material with formic acid, obtaining a leachate comprising the
one or more metals as one or more metal formates, and precipitating at least one of the one or more metal
formates. The metal-containing material may be alithium ...

With the rapid development and wide application of lithium-ion battery (LIB) technology, a significant
proportion of LIBs will be on the verge of reaching their end of life. How to handle LIBs at the waste stage
has become a hot environmental issue today. Life cycle assessment (LCA) is a valuable method for evaluating
the environmental effects of products, ...

Page 2/5



Lithium ion battery recycling
oo hydrometallurgy

The biggest drawback of the pyrometallurgy method for lithium recycling is that additional steps are required
after calcination. This additional process usually involves dissolving the product in water or solvent and
separating it. However, the low solubility of Li 2 CO 3 (13 gL -1) requires alarge amount of solvent.

A lithium-ion battery can last up to three years in a small electronic device, and from five to ten yearsin a
larger device; this is shorter than the lifespan of other batteries, considering that Ni-Cd batteries last from
fifteen to twenty years, and lead-acid batteries last from five to ten years. 40-44 Currently, 80% of lithium-ion

The necessity to preserve the environment and accomplish the rising demand for precious metals has made
recycling of spent lithium-ion batteries (LIBs) crucia for conducting business in a sustainable way. An
eco-friendly leaching process using ascorbic acid has been suggested in this work to leach critical metals from
the spent calcined LIB sample. The. ...

State-of-the-art lithium-ion battery recycling technologies. Author links open overlay panel Muammer Kaya.
Show more. Add to Mendeley. Share. Cite. ... and product preparation stages play vita roles in al LIB
recovery processes, based on pyrometallurgy, hydrometallurgy, biometallurgy, direct recycling, and
mechanical treatment and water ...

Li-Cycle, an Ontario, Canada-based battery recycling company, is working to link lithium-ion batteries into
the circular economy by making them a more sustainable product ing hydrometallurgical recycling, Li-Cycle
hopes to solve the global battery recycling problem which sees tons of materials and energy wasted each year.

Pyrometallurgical recycling options Pyrometallurgy uses elevated temperatures to recover valuable metals [
42, 47] and purify them through physical and chemical transformations|[ 17, 48].

To combat climate change, lithium-ion batteries (LIBs) have been widely promoted as a promising power
source for electric vehicles (EVs), considering their high energy density, low weight, and long lifespan
(Gandoman et al., 2019).However, manufacturing traction LIBs requires substantial material and energy
inputs with high indirect pollutions and consumes critical ...

1 INTRODUCTION. Since rechargeable lithium-ion batteries (LIBs) were commercialized in 1991 by Sony,
the surging demand for LIBs with high energy density and lifespan has been increasingly boosted in the
applications of electric vehicles (EVs), portable electronics, and energy storage systems. 1 The key impetus
for the rapid growth of LIBsisamassive pull effect in automotive ...

Human Toxicity from Damage and Deterioration. Before lithium-ion batteries even reach landfills, they

aready pose atoxic threat. When damaged, these rechargeable batteries can release fine particles--known as
PM10and ...
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Although recycling retired lithium-ion batteries (LIBs) can aleviate global warming and the energy crisis, the
environmental impacts of different recycling routes require further assessment. ... Remanufacturing L1Bs from
materials recycled through pyrometallurgy, hydrometallurgy, and direct recycling processes can reduce GHG
emissions by 2.85% ...

Recycling of Lithium-lon Batteries-Current State of the Art, Circular Economy, and Next Generation
Recycling. Jonas Neumann, ... Hydrometallurgy, on the other hand, also enables the recovery of lithium and is
applicable for a mixture of different cathode types. However, due to the low intrinsic material value of LFP
batteries both processes ...

Spent lithium-ion batteries recycling processes usually first go through sorting the batteries by battery
chemistries followed by deep discharge to avoid violent reaction from the charged electrode materials exposed
totheair. ... Fig. 5 shows the hydrometallurgy process for recycling battery cathode materials. The process can
be categorized ...

Hydrometallurgy Process to Recycle Lithium-lon-Batteries After the batteries have completed their useful
service life, they are sent for recycling. Scrap from Battery production is also a source of materials for
recycling. The process for Lithium-lon-Battery recycling using hydrometalurgy is illustrated in Figure 1.
Three potential process...

Lithium ion batteries have been undergoing rapid development in the global market due to their superior
performance. However, the soaring number of lithium ion batteries in the market presents serious disposal
challenges at the end of life. Moreover, continuous mining processes are harmful to the environment. From the
viewpoint of cleaner production and green ...

Lithium-ion batteries (LIBs) are the core component of the electrification transition, being used in portable
electronics, electric vehicles, and stationary energy storage. ... however, Li ends up in the slag, which haslittle
economic value, so that Li does not re-enter the battery chain. The hydrometallurgy-based recycling route is a

There are multiple routes to recycling lithium ion-batteries (LIBs), including pyrometallurgical and
hydrometallurgical routes. This paper focuses on the hydrometalurgical route. ... (2009) A novel recovery
process of metal values from the cathode active materials of the lithium-ion secondary batteries, vol 99.
Hydrometallurgy, pp 194-201.

Current commercial lithium ion batteries mainly contain transition metal oxides or phosphates, aluminum,
copper, graphite, organic electrolytes containing harmful lithium salts, ...

In this review we focus on spent nickel-manganese-cobalt (NMC) lithium-ion batteries that currently dominate
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the EV market examining primarily their recycling by hydrometallurgical ...

Hydrometallurgy is another mainstream method for recycling spent LIBs. Battery recycling ams to realize a
circular economy and the regeneration of valuable materials. ... Targeting high value metals in lithium-ion
battery recycling via shredding and size-based separation. Waste Manag., 51 (2016), pp. 204-213,
10.1016/j.wasman.2015.10.026. View ...

In this paper, an efficient and product-oriented hydrometallurgical recycling process including pre-treatment is
developed to handle the spent automotive Li-ion batteries. The possibility to recover the high-grade graphite,

cathode metal salts and lithium carbonate is investigated. In the designed process, leaching, solution refining,
cathode metal s precipitation ...
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