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Abstract

Introduction

Lithium-Ion Batteries (LIB) has been widely used in energy
storage electric vehicles, mobile phones, cameras, laptops etc.
Because of its high energy density, long life cycle and nonmemory effect the applications where LIB’s are used is
increasing day by day. Huge amount of spent LIBs is
generated worldwide which can be hazardous to environment.
Recycling of LIB is very important because, the impact on
environment and resources by LIB is quite high. Our aim is to
model a system, which can handle both this environmental
and resource related problems.
Spent LIB’s can be recycled in three steps. This process
includes dismantling, roasting and leaching. Dismantling can
be done by any physical methods by which the outer coating
of the battery is being removed. The roasting process is done
to separate different cathode and anode materials in the LIB.
In roasting process, the cathode material is first reduced and
then heated in muffle furnace at high temperature. Then,
leaching is done on the roasted products. Leaching is used to
separate individual elements from the roasted state by using
chemical or mechano-chemical approach. By using this
approach, Lithium and other valuable elements are extracted
efficiently. The e-waste generated from spent lithium ion
batteries can be effectively reduced by this method.

The increase in environmental pollution, scarcity of
resources and energy crisis has forced the new technical world
to rely on the development of power batteries. When
comparing with conventional batteries LIBs have huge
advantages over them such as high working voltage, large
capacity, long circle life , non memory effect, low
maintenance, low self discharge But when compared to lead
acid batteries which have a service life of about 5 years, the
LIBs have only 2-3 years. The fact is that, the rate of scrap
generation is more than that of lead acid batteries. The huge
quick advancements in new electrical vehicles and electronic
devices results in the formation of huge amount of spent LIBs
which are not properly disposed. These spent LIBs contain a
large amount of components which can cause hazardous
effects to the environment and human. LIBs are composed of
a metallic shell, a cathode which is in form of a foil, an anode,
organic electrolyte and a polymer diaphragm. The anode is a
copper foil enveloped with a mixture of graphite, conductor,
polyvinylidene fluoride (PVDF) binder, and additives such as
organic electrode and LiPF6. On account of environmental
protection and the sustainable uses of resource, the recycling
and recovery of spent LIBs is becoming important day by day.
The recovery of Li2CO3 is aimed in this work because of its
huge applications in various disciplines such as medical,
industrial etc. (Meng Meng Wang 2016). The spent LIBs
contain useful elements such as lithium, cobalt, nickel and in a
mass quantity it is having a huge economic value. So the
chemical reactions and recovery process of spent LIBs are
becoming more important day by day considering the facts of
both ecological balancing and resource preservation.( Juntao
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Hu 2017) The process includes dismantling, roasting and
leaching. Dismantling can be done by any physical methods
by using plier or hammer etc. The cathode material is in the
form of a foil which can be separated manually. The roasting
process is done to make appropriate changes to the cathode
powder to make it suitable for leaching. The roasting
processes are done in a muffle furnace to provide an inert
atmosphere while roasting. The process followed after
roasting is leaching. Leaching is used to separate individual
elements from the roasted state by using appropriate chemical
reactions. By using this machine, Li and other valuable
elements are extracted efficiently. We are also able to reduce
e-waste from spent lithium ion batteries.

Methods

materials are mixed with 1.5M NaOH. For obtaining 1.5M
NaOH the molecular weight of NaOH is calculated as 40. So
the mass/litre should be equal to 60 g/l. So we have taken 6
grams of NaOH and mixed with 100 ml of water to obtain
1.5M NaOH solution. Then the resultant mixture is mixed
with cathode materials of spent LIBs in a liquid solid ratio of
5:1 for 3 hours.The whole processes where done in ambient
temperature. The resultant mixture contains NaAlO2. The
residue has to be taken out and the the solution which contains
NaAlO2 is used for further treatment( Juntao Hu 2017)

Roasting
Reduction roasting is the removal of oxygen from a
component of an ore, usually throughthe use of Carbon
Monoxide (CO). The CO is typically supplied by mixing a
carbonaceous material such as coke or coal or lignite with the
ore, or by feeding it separately. A certain amount of lignite is
mixed with alkaline leached residue. Then the uniformly
mixed powder is heated in a muffle furnace at high
temperature about 6500 C andoptimal parameters such as time
of 3 hours etc. The carbon dosage present in the lignite used is
25%. Muffle furnace is used for roasting the mixture in an
inert atmosphere. After roasting the products are taken out
from the furnace and quenched. ( Juntao Hu 2017)

Carbonated Water Leaching
The roasted products are leached separately to extract
valuable metals. Different leaching techniques such as
carbonated water leaching, acid leaching are used to extract
valuable metals. The solubility of lithium is very low in
lithium carbonate, so simple leaching techniques are not
efficient to extract lithium, therefore carbonated water
leaching is used. The muffle furnace should be equipped with
Carbon gas cylinder in order to do the carbonated water
leaching. The water leaching and carbonated water leaching
are done in the ambient temperature( Juntao Hu 2017).

Proposed Design

Dismantling
The LIBs were firstly discharged completely to avoid shortcircuit or self-ignition during dismantling. We are aiming to
design a machine which can do all the processes. For all that
we need a dismantling process as the primary requirement. In
the proposed process of dismantling we need a motor. The
motor with sufficient rpm and power ratings is connected to a
blade similar in mixer or grinder. As a result of fast rotation of
blade caused by the rotation of motor, the spent LIBs are
crushed resulting in the separation of plastic coating, metal
covering and valuable materials. The plastic coatings from
these are separated by using a simple sieve. Outer coating can
be removed by the use of magnets of required specifications.

Alkaline Leaching
Alkaline leaching is used to remove aluminum, if not removed
then leaching efficiency of lithium will decrease. The alkaline
leaching process is explained in detail.The separated cathode

The proposed design is shown in the figure 4.1. The spent
LIBs were crushed by using blades which are driven by a
motor of suitable power. The crushed products were feed
through a pipe into a conveyor belt which is provided with a
certain amount of vibration. A magnetic separator is provided
in the coming section which is used to separate the outer
coating of LIBs. The remaining residue is passed into the
alkaline leaching chamber where NaAlO2 are separated and
the remaining residueis send to the muffle furnace which is set
at 6500 C for the roasting process. It is equipped with carbon
gas cylinder to provide carbonated water leaching. The water
leaching and carbonated water leaching have to be performed
in an inert atmosphere. The carbonated water leached product
is evaporated at 1000 C for 0.5 hours.

Materials And Chemical
Processes
The spent LIBs were gathered from some local mobile stores,
after the dismantling process is done cathode materials are
extracted from the battery. Lignite was used instead of coal or
coke because of its cheap rate. The Lignite used for the
project contains 25% of C. For obtaining 1.5M NaOH 6 grams
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of NaOH is mixed with 100 ml. of water. NaOH is weighed in
a digital weighing machine. After the addition of lignite
carbonated water leaching has to be done for extraction of
Li2CO3. The carbon dioxide production for the carbonated
water leaching are produced by the reactionbetween acetic
acid and baking soda. The resultant CO2 produced is carefully
fed to the roasted products. This method is adopted because of
the fact that that both acetic acid and baking soda are readily
available and comparatively cheap and it also produces
reasonable amount of CO2. The materials and chemical
reagents used in this method are very cheap.

Results and Discussion
When we begin to manufacture the proposed design it is
found that it costs huge especially components including
muffle furnace and conveyor belt magnetic separator. So we
have decided to do the mechanical and chemical process
separately by manually instead of the use of machine because
it costs very huge. Also another problem that hindered us on
making of the product is the size of the component. The
design as proposed is very huge and it also costs a very large
amount. So by considering all these facts we have restructured
the project without any change in its physical and chemical
processes. The only alteration done by the restructuring is the
means of achieving the goal. The alkaline leaching process is
done as explained above with suitable quantity of NaOH
mixed with water. 20 g. of cathode material is mixed with 100
ml of NaOH because the liquid solid ratio has to be
maintained at 5:1. The mixture is settled for 3 hours. From the
resultant mixture the solution is taken out and residue material
is taken for further treatment of element extraction The
residue is mixed with a certain amount of lignite and put in
the muffle furnace for 3 hours at 6500 C. The mixed product
is taken in a crucible dish which has the capability to
withstand high temperature. The crucible dish is put in the
muffle furnace for 3 hours. After 3 hours the mixture is taken
from the muffle furnace and it is ready for quenching and
further the carbonated water leaching. A certain amount of
water is taken in a plastic vessel. The reduction roasted
products is fed to the water. It is the quenching process. In this
quenched material carbonated water leaching is done.
Carbonated water leaching is the addition of carbon dioxide. It
has to be done for prolonged time of 2 hours. For the
production of carbon dioxide we have reacted baking soda
(NaHCO3) with acetic acid (C2H3O2). Acetic acid is taken in
a plastic beaker and a certain amount of baking soda is added
into it in small intervals of time for continuous production of
CO2. This plastic beaker is connected to the quenching baker
and the carbon dioxide thus formed on the beaker can be
transferred to the beaker which contains roasted products.
Thus carbonated water leaching process are done. The
resultant solution (LiHCO3) is then evaporated at 1000 C for
0.5 hours. After the evaporation process we have obtained
Li2CO3 which have white colour. The quantity of Li2CO3 is
approximately about 5 g.

Conclusion
As an important secondary resource, the recycling of spent
LIBs has obvious benefits to the economy and environment. A
promising combined recycling approach for spent libs is
developed using alkali leaching followed by reduction
roasting, carbonated water leaching,. In this process the
cathode materials are separated and enriched from spent
lithium-ion batteries by a series of pre-treatment processes,
such as discharging, dismantling, crushing, sieving, etc. then
the cathode materials after alkaline leaching mixed with
lignite are roasted in a muffle furnace at 600°C. The cathode
materials are recycled to obtain Li2CO3, Further more
elements like Co, Ni also can be separated by treatments such
as sulphuric acid leaching, purification solvent extraction etc..
The processes used are very simple and efficient and very
cheap so that it can be used to reduce the environmental
hazards to a great extent and can be a huge step in the
resource preservation policies.
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