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The current status of spent battery recycling in China
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Recycle and recovery technologies of spent batteries
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Typical battery recycling companies in China
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Challenge and Opportunites of Power Battery

1.Performance and Safety
2.Cost Reduction

3.Battery Recycling

v From the viewpoints of environmental preservation, recovery of major
components or valuable resources, and provision of raw materials, the battery

recyclmg is highly desirable in either the present time or the future.
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Under the guidance of the government’s
regulations and specifications, wasted Dbattery
recycling system in China is a self-survival and
continued fixed resource recycling system model . It
supplies an effective way to recycle, reduce and reuse
for wasted batteries.
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battery manufacturers -
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other issues of recycling; .

Business Model
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According to different recycle subjects, it can be divided into "upstream' and '"downstream”
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®Downstream - Battery
consumers

wasted battery recycling
iIssues after degradation;
Public Service
It depends on social ethics,
social civilization and
progress.
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Production of LIB in China

DATA FROM: CHINA BATTERY INDUSTRY ASSOCIATION
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World production and consumption of LIBs
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4 6billion units
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Amount of waste:200-500t/y
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Li-ion batteries
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of pollution control FEFHMED Environmental
protection regulations for

Industries concerning mercury

for hazardous waste:s
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%€) Limitation of Mercury
for Batteries
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free batteries
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prevention and technology
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Principles of pollution control for spent battery
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Processes and technologies for the recycling of spent batteries
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Summary of recycling processes or treatment methods for the

components of lithium-ion batteries

Components Elements Recycling processes References
Shells Fe Mechanical processes: thermal treatment [94.11,14]
Plastics Mechanical processes [9.11]
Aluminum foil Al Mechanical processes; acid leaching: chemical [9.11]
precipitation
Anode Cu Mechanical processes [9]
C (graphite) | Mechanical processes: thermal Lreatment [9.4,35]
Adhesive agent PVDF binder | Thermal treatment [4.5]
Electrolyle (organic liquid—LiPFs, LiBFs, LICIO4) Thermal treatment; solvent extraction 4.27.34]
Cathode (LiCo0O,, LiNiO,, LiMnOy) Co Mechanochemical process; dissolution process; thermalj [1.4.,5,11,14,23,26,31,34,35,
treatment; acid leaching; bioleaching; solvent 39.40,43,50-53,55]
A single recycling process can only extraction; chemical precipitation; electrochemical
achieve the destination of process
recovering a part of components or Li Mechanochemical process; thermal treatment; [14.5,11,14,23,26,31,34,35,
can only be one step of a whole dissolution process; acid leaching; bioleaching; Solvent]  39.40,43,50-53]
procedure for recycling spent LIBs. .
Therefore, combination of several extraction
single recycling processes is Ni Mechanochemical process; chemical precipitation; [4,28,40]
necessary to recycle or recover the electrochemical process

Journal of Power Sources 177 (2008) 512-527
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Simple process

Skinning, crushing,
removing of crust,

sieving and separation
(density, conductivity,
magnetic behavior etc)
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Environmental
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WA A %X Mechanochemical process

Co-grinding of

LiCoO, with polyvinyl

chloride(PVC)

Formation of Li-
and Co-chlorides

Water leaching
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e LiCoO,
a CoCl,- 2H,0

Intensity (a.u)

10 . 20 1 30 40 l 50
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Fig. 1. XRD patterns of the mixtures of LiCoO, and PVC ground
for different periods of time.

90%Co & almost 100%Li can be recovered. About 90% of
chlorine in PVC sample transformed into inorganic chlorine.
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Acid leaching
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Leaching process for LiCoO, materials using citric acids as leachant
; - : e e Discharging

[ Dismantling Stee, plastic

and Separating

Electrode materials ||
NMP 100T for 1h|—> Cu,Afl
Ftltratvon

[ggm, 700 T for 5h ]—~ ¢, PVDF
LiCo0,, Co0,0, [|

Spent LIBs from cellular phones

Grinding for 2h

Table 1 = -
Li, Co, Mn and Ni content in cathodic active material of LCM?ccm';%oz)J
the spent LIBs.
Element Content (w/w)
: Filtration
4 AL ELi BCo OMn ONi
Co 53.8%
Mn 0.97% Cobalt and lithium solution
Ni 0.80%

Fig. Flowsheet of the hydrometallurgical recycling process
for lithium ion secondary rechargeable batteries.
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Fig. 6. Effect of leaching temperature and leaching time on the leaching of waste LiCoO2 with 1.25 M citric

acid
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Fig. 8. Effect of citric acid concentration on the leaching of
waste LiCoO2 at 90 °C for 30 min

L.Li,J.Ge, F. Wu et al , J. Hazard. Mater.176 (2010), pp. 288-293
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Organic acid leaching using malic acids

DL-malic acid

M images of different cathode materials: (a) the
cathodic material from a spent LIB, (b) the
aterial after treatment with NMP, (c) the
aterial after dismantling and calcination at 700
nd (d) the leach residues.

batteries using DL-malic acid as a leachant

20

and H,0,
R Electrode Gleziods LiCo0,
-s materials materials Grinding for 2

Discharge Treated with Calei Acid leaching Filtration

Dismantling and ~ NMP at 60 C o reactor (eiandimiy

fg 700 C for 5h reactor solution

Separating Sfor 1t

Steel, plastic Cu Al C, PIDF Residue

Fig. 2. Flow sheet for the recovery of Co and Li from spent Li-ion



(2) SERFEX S ERE AR AR IR B 5

T_=90°C, time=40min

T_=90°C, time=40min (b)
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. 6. Effect of leaching temperature and leaching time on the leaching of waste LiCoO2 with 1. 5 M malic acid (H202=2.0
vol.%., S:L=20 gL.—1 and agitation speed=300 rpm) leaching efficiency of Li and (b) leaching efficiency of Co.

ing 1.5 M DL-malic acid, 2.0 vol.% hydrogen peroxide, a leaching temperature of 90 °C, a S:L ratio

20 g/L and a time interval of 40 min nearly 100 wt.% Li and more than 90 wt.% Co were extracted.

Li Li, Jing Ge, Feng Wu et al , Waste Management, 2010, 30: 2615-2621
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» Bio-hydrometallurgical processes have been gradually
replacing the hydrometallurgical one due to their higher
efficiency, lower costs and few industrial requirements.
» Using special bacteria which utilized elemental sulfur
and ferrous ion as energy source to produce metabolites

like sulfuric acids and ferric ion in the leaching medium.
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Typical battery recycling companies in China-1
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Shenzhen Green Eco-manufacture Hi-tech Co., Ltd
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The flowchart of recycling process for spent batteries
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Typical battery recycling companies in China-2
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FUOSHAN BANGPU N1/C0 HIGH-TECH CO.,LTD
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Demonstration center of recycling process for spent batteries
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Typical battery recycling companies in China-3
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SHENZHEN TAILI WASTE BATTERY RECYCLE. CO.,.LTD

TeleBattery com.cn
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: Cobalt Sulfate

FRER4s lithium carbonate.
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It is still necessary to develop an efficient collection system in order to receive
the spent LIBs consumed around the world and recycle the spent LIBs.
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