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Abstract: Today, due to the increasing advances in industry
and technology, the demand for energy consumption by
various industries has also increased. One of the most
important energy sources is electricity. Batteries or portable
power sources are one of the most important energy sources
and play a very important role in energy transfer. One of the
most important batteries in the industry, from the subgroup
of rechargeable (secondary) batteries, is called lithium
(lithium-ion) batteries. These types of batteries have wide
applications in various fields. In the near future, it is
predicted that the use of these technologies for energy
storage in vehicles and renewable energy sources will
significantly increase the consumption of lithium batteries.
With the advancement of scientific level and continuous
progress of human society, mobile phones, computers,
electric vehicles have become daily necessities, and the
problems of energy reduction and environmental pollution
are becoming more and more prominent. Considering the
shortage of natural resources for the production of lithium
and other important elements that make up batteries, the
issue of recovering the elements used in batteries and
recycling used batteries is very important. Generally,
conventional methods for recycling lithium batteries include
two types: physical and chemical. In this study, chemical
methods including hydrometallurgical and
pyrometallurgical processes have been investigated. By
studying reliable articles and sources, an attempt has been
made to analyze the recycling and recovery processes of
lithium batteries in addition to introducing the types of
batteries.
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1- Introduction
The rapid advancement of modern technologies and the
widespread use of electronic devices and energy storage

systems have led lithium-ion batteries to become one of
the most important energy sources worldwide. Alongside
the growing consumption of these batteries, a substantial
quantity of spent lithium-ion batteries is generated, raising
serious environmental and economic concerns regarding
their disposal. Due to the presence of valuable metals and
the adverse consequences of improper waste management,
recycling and resource recovery have become essential.
Consequently, the development of safe, cost-effective, and
sustainable recycling strategies has emerged as a critical
research focus in recent years [1-3].

2- Structure Lithium-lon

Batteries

Lithium-ion batteries consist of several key components,
including the anode, cathode, electrolyte, separator, and
metallic casing. Each component plays a specific role in
the electrochemical performance of the battery, while the
material composition significantly affects its stability,
capacity, and lifespan. Although the structural diversity of
lithium-ion batteries contributes to their high performance,
it also increases the complexity of recycling processes.
Since each component contains different materials and
metals, diverse and tailored recycling approaches are
required [3,4] .

and Composition of

3- Importance and Obijectives of Recycling

The increasing demand for critical metals such as lithium,
nickel, and cobalt, combined with the limitations of natural
resources, has further emphasized the importance of
battery recycling. Spent lithium-ion batteries are not only
classified as hazardous waste but also represent a valuable
secondary resource [1,2]. The primary objectives of
recycling include minimizing environmental impacts,
preventing pollution, reducing dependence on primary
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mining, and reintegrating valuable materials into the
production cycle [2,3]. Previous studies demonstrate that
battery recycling plays a vital role in sustainable
development and efficient resource management [1,3].

4- Methodology

This study adopts a review-based analytical approach
founded on a systematic examination of reliable scientific
literature. Selected studies were screened and categorized
based on thematic relevance, scientific credibility, and
innovation in recycling techniques. The collected data
were organized into three main analytical domains:
recycling methods, metal extraction technologies, and
environmental and industrial challenges. This framework
enables a comprehensive and comparative analysis of
current research trends.

4-1- Pre-treatment and Preparation of Spent Batteries
Pre-treatment is a crucial step in the recycling process,
directly influencing safety and overall efficiency. In this
stage, batteries undergo controlled discharge followed by
dismantling and separation of internal components.
Processes such as crushing, physical separation,
component detachment, and binder removal are essential
for preparing materials for subsequent recycling stages.
The effectiveness of pre-treatment significantly
determines the performance of downstream processes.

4-2- Pyrometallurgical Recycling Methods
Pyrometallurgical processes involve treating batteries at
high temperatures to separate valuable metals from other
compounds. These methods are widely adopted in
industrial applications due to their operational simplicity
and scalability [3,5]. However, high energy consumption
and gaseous emissions present notable environmental
challenges. Industrial experience indicates that while
pyrometallurgical methods are effective for recovering
heavy metals, they show limited efficiency for lighter
elements.

4-3- Hydrometallurgical Recycling Methods
Hydrometallurgical processes utilize chemical solutions to
dissolve, separate, and precipitate metals. Their primary
advantages include high selectivity and efficiency in metal
recovery [3,4]. These processes generally operate at lower
temperatures and are considered more environmentally
favorable. Nonetheless, operational complexity and
wastewater management remain significant challenges.
Recent studies suggest that the adoption of greener
reagents and sustainable technologies can enhance the
environmental performance of hydrometallurgical
approaches [4,6] .

4-4- Comparative Analysis of Recycling Methods

The reviewed literature indicates that no single recycling
method can fully address industrial and environmental
requirements. Pyrometallurgical approaches are suitable
for large-scale applications but suffer from environmental
drawbacks, whereas hydrometallurgical methods offer
higher precision and recovery efficiency at the expense of

increased complexity and cost. As a result, recent research
trends increasingly emphasize hybrid recycling strategies
that integrate the advantages of both methods [1,4,5,6].
This shift highlights the future directions of battery
recycling toward improved efficiency, cost reduction, and
environmental sustainability.

5- Conclusion

The findings of this review underscore the critical role of
lithium-ion battery recycling in resource management,
pollution mitigation, and the advancement of circular
economy principles. To achieve more efficient recycling
processes, future developments should focus on reducing
energy consumption, employing environmentally friendly
reagents, and improving waste control. The expansion of
hybrid recycling technologies and industrial infrastructure
is expected to play a decisive role in integrating recycling
as a core component of the battery supply chain.
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An Overview of Lithium Batteries and Their Recycling by Hydrometallurgical and Pyrometallurgical
Methods

Neda Emami Davod Moradkhani Milad Ghorbanzadeh

Abstract Today, due to the increasing advances in industry and technology, the demand for energy consumption by
various industries has also increased. One of the most important energy sources is electricity. Batteries or portable power
sources are one of the most important energy sources and play a very important role in energy transfer. One of the most
important batteries in the industry, from the subgroup of rechargeable (secondary) batteries, is called lithium (lithium-
ion) batteries. These types of batteries have wide applications in various fields. In the near future, it is predicted that the
use of these technologies for energy storage in vehicles and renewable energy sources will significantly increase the
consumption of lithium batteries.With the advancement of scientific level and continuous progress of human society,
mobile phones, computers, electric vehicles have become daily necessities, and the problems of energy reduction and
environmental pollution are becoming more and more prominent. Considering the shortage of natural resources for the
production of lithium and other important elements that make up batteries, the issue of recovering the elements used in
batteries and recycling used batteries is very important. Generally, conventional methods for recycling lithium batteries
include two types: physical and chemical. In this study, chemical methods including hydrometallurgical and
pyrometallurgical processes have been investigated. By studying reliable articles and sources, an attempt has been made
to analyze the recycling and recovery processes of lithium batteries in addition to introducing the types of batteries.

Key words Recycling, lithium-ion battery, hydrometallurgy, pyrometallurgy, spent lithium-ion
battery.
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