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A B S T R A C T

Due to enormous growth of production of electric vehicles, it is estimated by the year 2020 about 250,000 tons
of battery must be disposed or recycled. The technology to recycle this much amount of batteries in a single year
does not exist., neither does the methods for recycling are standardized because of different configurations of
battery packs. A challenge strictly poses on how to deal with lithium ion batteries, which are embedded in
hundreds or more in a battery pack. Furthermore, the recovery of materials from the battery in the pack is
essential to ensure the growth and sustainability of the electric vehicle market. It is desirable to establish a
framework that is semi-automated/automated for ensuring faster disassembly of battery pack, identification and
detection of residual energy of batteries in packs and recovery of materials from batteries. This review paper
summarizes the two main basic aspects of recycling battery packs: mechanical procedure and chemical recycling
(metallurgical). The work summarizes the existing recycling technology in these two aspects and identifies
important research problems in the process of recycling of pack such as (i) automatic and intelligent recovery
system, (ii) efficiency and safety disassemble of battery pack (iii) Adjustment of Chaos in recycling market (iv)
Recovery processes for slag, electrolyte and anode, (v) Application in industrial scale, and (vi) development of
recycling methods for new batteries having components with different properties. This paper also proposes a
framework to push the recycling process from conception to practicality, both on government incentive polices
and effective recycling technology.

1. Introduction

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 cycle life, and low self-discharge
(Nitta et al., 2015). For instance, the global consumption of LIBs in
2000 rose to 500 million Li-ion cells, with the growth and expansion of
800% over course of 10 years starting from 2000. Furthermore, the
increase of the EVs industry has been undergone a great change in the
usage of LIBs. It is predicted that the large amount of spent LIBs in 2020
will surpass 500 thousand tons and 25 billion units (Zeng et al., 2014).
With increasing concerns regarding environmental issues (Gaines,
2012) and the limited availability of lithium and cobalt, there have
been stringent laws put in place world-wide in order to treat spent LIBs

to properly recycle valuable metals as well as toxic chemicals (Meng
et al., 2017). Therefore, the development of efficient recycling tech-
nologies for spent LIBs has become much attracted in the present time
and future.

In recent years, many studies have focused on single recycling
methods based on mechanical and metallurgy processes (Meng et al.,
2017; Golmohammadzadeh et al., 2017). Mechanical processes com-
prise of disassemble of battery pack to modules, module to cells as well
as the process of crushing single lithium-ion battery and sorting of
materials. Metallurgical processes include pyro-, hydro-, bio-metallurgy
and hybrid methods.

However, there has been a limited literature that combines both of
them. Most of the literature review has been on materials recovery, life
cycle assessment,policy development and cost-environmental benefit
analysis of recycling of batteries (Wang and Wu, 2017; Awasthi and Li,
2017; Kumar et al., 2017; Liang et al., 2017). Thus, a systematic review
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summarizing the combination of recycling processes (mechanical and
metallurgical processes) could pave the way for proposition of frame-
work for efficient and effective recycling of battery pack. In this review
paper, we combine the Metallurgical and Mechanical methods used in
recycling of battery pack for electric vehicles (EVs). Fundamental re-
cycling of spent Lithium-ion batteries was also summarized in context
of metallurgical processes.

The remaining structure of the paper is as follows. Section 2 illus-
trates the components of lithium-ion batteries for EVs. Details in the
recycling processes includes mechanical and metallurgical methods are
introduced in Section 3. The critical gaps with new directions of re-
search in the recycling process are discussed in Section 4. Based on
research gaps, a framework for recycling of battery module is illustrated
in Section 5. Finally, conclusions of the study are discussed in Section 6.

2. Components of lithium batteries for EVs

Electric vehicle (EV) packs typically comprises of battery modules
and the battery management system. Battery modules comprises of
batteries connected in series and parallel.

The LIB cell is comprised of four fundamental components: anode,
cathode, electrolyte separate and shell casing (Xiao et al., 2017). The
chemical compositions slightly vary as per manufacturers. The cathode
materials in commercial LIBs are usually either lithiated metal oxide or
lithiated metal phosphate such as: LiCoO2 (LCO), LiMn2O4 (LMO), Li-
Ni0.33Mn0.33Co0.33O2 (NMC), and LiFePO4 (LFP). Table 1 shows the
summary of upsides and downsides of the electrode materials used in
commercial LIBs (Kushnir, 2015; Ordoñez et al., 2016). Carbon mate-
rials are used for anode component such as graphite and hard-carbons.
These are usually the top choice used in current industrial manu-
facturers because these involves the combination of low cost, abundant
availability, and cycle life. The anode and cathode material are linked
with current collector sheets (Cu, Al) through adhesive agent like
polyvinylidene fluoride (PVdF) binder. There are various electrolytes
for LIBs including liquid electrolytes, polymer electrolytes. Liquid
electrolytes are effectively utilized for a variety of battery applications.
These consist of lithium salts (LiPF6, LiBF4, LiClO4) dissolved in a single
or combination of several organic solvents, e.g. ethylene carbonate
(EC), propylene carbonate (PC), and dimethyl sulfoxide (DMSO).
Polymer electrolytes have also been widely applied in portable elec-
tronics (laptops, smart phones, and tablets…) owing to their light-
weight and shape flexibility of battery in any desirable configurations.
Common polymer hosts used in LIBs comprise poly(acrylonitrile)
(PAN), polyethylene oxide (PEO), polymethylmethacrylate (PMMA),
polypropylene oxide (PPO), and many other (Zeng et al., 2014).

A typical LIB contains about 25–30% cathode, 15–30% anode (in-
cluding current collector sheets), 10–15% electrolyte, 18% cell can,
3–4% separate and 10% other components (Nayaka et al., 2015;
Winslow et al., 2017). The chemical composition of some typical LIBs
are shown in Table 2 (Winslow et al., 2017). Fig. 1 shows material
composition of a LiNi0.33Mn0.33Co0.33O2 battery.

3. Recycling processes

With the rapid development of lithium ion battery and electric ve-
hicles in recent years, the recovery of lithium battery has also become a
hot area of research (Liao et al., 2017). From 2008 to 2018, more than
3000 research papers are associated with this topic. In summary, the
process of recycling combines two stages (see Fig. 2). At the first stage,
mechanical recycle process (also known as physical process), includes
disassemble, crushing, screening and separation. The purpose of this
process is returning of lithium-ion batteries out of electric vehicles and
separation of the cell into particles that can be directly reclaimed by
chemical recovery. The main challenges in the physical process are as
follows: a) Different design and connection of battery pack enclosure in
EVs. b) The un-uniformity of size and shape of battery module and Ta

bl
e
1

U
ps
id
es

an
d
do

w
ns
id
es

of
th
e
el
ec
tr
od

e
m
at
er
ia
ls

(K
us
hn

ir
,2

01
5;

O
rd
oñ

ez
et

al
.,
20

16
).

M
at
er
ia
l

V
ol
ta
ge

vs
Li
/

Li
+

Sp
ec
ifi
c
ca
pa

ci
ty

(m
A
h.
g−

1
)

V
ol
um

et
ri
c
ca
pa

ci
ty

(m
A
h.
cm

−
3
)

A
dv

an
ta
ge

s
D
is
ad

va
nt
ag

es

Li
C
oO

2
3.
8

14
5

55
0

H
ig
h
Li

+
io
n
an

d
el
ec
tr
on

ic
co

nd
uc

ti
vi
ty
,
pe

rf
or
m
an

ce
H
ig
h-
pr
ic
ed

an
d
ha

rm
fu
l
C
o,

lo
w

ca
pa

ci
ty
.

Li
Fe

PO
4

3.
4

17
0

58
9

Lo
w
-p
ri
ce
d,

en
vi
ro
nm

en
ta
lly

fr
ie
nd

ly
,c

yc
le

lif
e,

ra
te

ca
pa

bi
lit
y

Lo
w

vo
lt
ag

e
an

d
en

er
gy

de
ns
it
y,

lo
w

Li
+

io
n
an

d
el
ec
tr
on

ic
co

nd
uc

ti
vi
ty
,
hi
gh

pr
oc

es
si
ng

-c
os
t,

Li
M
n 2
O
4

4.
1

12
0

59
6

Lo
w
-p
ri
ce
d
an

d
en

vi
ro
nm

en
ta
lly

fr
ie
nd

ly
,r

at
e
ca
pa

bi
lit
y,

hi
gh

Li
+

io
n
an

d
el
ec
tr
on

ic
co

nd
uc

ti
vi
ty

C
yc
le

lif
e,

lo
w

ca
pa

ci
ty
,s

ev
er
e
ca
pa

ci
ty

fa
de

at
te
m
pe

ra
tu
re

(5
5
°C
)

Li
N
i 0
.3
3
M
n 0

.3
3
C
o 0

.3
3
O
2

3.
7

17
0

60
0

Be
tt
er

sa
fe
ty

an
d
pe

rf
or
m
an

ce
th
an

LC
O
,h

ig
h
vo

lt
ag

e
H
ig
h-
pr
ic
ed

,h
ar
m
fu
l
C
o,

N
i,
N
ee
ds

ce
ll
ba

la
nc

in
g
an

d
vo

lt
ag

e
pr
ot
ec
ti
on

G
ra
ph

it
e

0.
1

37
0

–
Lo

w
-p
ri
ce
d
an

d
en

vi
ro
nm

en
ta
lly

fr
ie
nd

ly
,c

el
l
vo

lt
ag

e
H
ig
h
pr
oc

es
si
ng

-c
os
t,
fo
rm

at
io
n
of

so
lid

el
ec
tr
ol
yt
e
in
te
rf
ac
ia
l

(S
EI
)
la
ye

r,
lo
w

en
er
gy

de
ns
it
y

L. Yun et al. Resources, Conservation & Recycling 136 (2018) 198–208

199



Download English Version:

https://daneshyari.com/en/article/7494015

Download Persian Version:

https://daneshyari.com/article/7494015

Daneshyari.com

https://daneshyari.com/en/article/7494015
https://daneshyari.com/article/7494015
https://daneshyari.com

