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EXPONENTIAL LI-ION BATTERY
DEMAND GROWTH

Lithium-ion battery demand globally has risen dramatically over
the last 10 years, and is only beginning

Global demand depicted below with accurate relative scale

I ;
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2010 2016 2020 2025 2030




2021 F iR TR B B AT 4

>
SETTING THE STAGE

Projected Global Spent EV Battery Volume

= An increase of lithium-ion
batteries coming in electric
vehicles (EV)

= Consumer electronics
collection is an issue

= Stationary applications can
be in remote locations

w

w

2
1

= Cannot meet EV material 0
. . 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040
demand without recycling

Spent battery volume (million metric tons)
a

mUS mcChina mwEurope » Restof World

(ANL projection basad on IEA global PEV projection

o

Types of LIBs in the market

LCO - Lithium LFP - Lithium LMO - Lithium NCA - Lithium NMC - Lithium 7o - um
Cobalt Oxide Iron Phosphate Manganese Nickel Cobalt Nickel Manganese Titanate
Oxide Aluminium Oxide Cobalt Oxide

150-200 90-120 100-150 200-260 150-220 50-80

500-1,000 >2,000 300-700 500 1,000-2,000 3,000-7,000

High load
Mobile phones, currents and
tablets, laptops, endurance,
cameras E-buses,
e.g. BYD

Power tools, Medical devices, E-bikes, medical Uninterrupted
medical devices, industrial,electric devices, EV, e.g. power supply,
electric powertrain, e.g. Nissan LEAF, electric
powertrains Tesla EV, Panasonic iMIEV, Volt powertrain

Source: Battery University
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From old to new

So much valuable content is contained in a single battery

Residual 41 kg
Steel 3 kg
Lithium 8 kg
Electronics 9 kg
Cobalt 9 kg

Manganese 12 kg

Plastic 21 kg
Copper 22 kg
Electrolyte 37 kg

i‘ VOLKSWAGEN
\ GROUP COMPONENTS

=

Recycling

Aluminum 126 kg

Graphite 71 kg

Nickel 41 kg

Targeting >90% recovery of key battery materials

Bt Biess s mseyme iR ions RO
Typical Lithium-ion

battery breakdown
(NCA, LCO chemistry)

15%

Electrolyte

solution
3%
Active
% cathode material
Separator {
plastics
&%

Carbon
black & biner
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Mineral Concentrates
(raw materials)
\

Bat(erf Grade
Chemicals

Cathode/Anode
Industrial Manufacturing
Grade \

Chemicals \

Recycling The European Union enforces

l battery producers to take
responsibility for recycling
\ waste batteries.

Certified Waste
Collector

\ &

\\ End of Life & Electric Vehicle
Waste Batteries Manufacturing

Non-Vehicle 7
Second Life

E\\{\Batteries Value Chain

GO

Closed Loop Resource
Recovery

Industry-leading technology enabling
a closed-loop economy.

Secure Destruction

A home for the secure destruction of
materials containing IP-sensitive
design information.

L0

Logistics Management

A reliable network of logistics
partners to support customers in
getting their batteries to our
facilities.

Add-on Services

Additional services customized to
meet our customers’ needs
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Resources

= Recycling lithium-ion batteries is
possible today s

Recycling

= These processes are mature

Second life
Salts and
shreds

= Produce lower value products and
are not revenue positive without -
tipping fees for many chemistries grade

materials

Primary use

Current recycling process

Processing “black mass”
Comparison of main technologies

Pyrometallurgy Hydrometallurgy
v High recovery rates for nickel, cobalt and copper v High recovery rates for cobalt, nickel and copper
¥ Graphite and solvents burned, providing much v Lithium is recycled
of the process energy v Option for manganese and graphite recycling
v’ Mature technology v" Moderate temperature range
X High energy intensity (around 1,500°C) and CO, X High investment required
footprint X Inflexible process
X Loss of lithium in slag — recovery from slag is X High amounts of by-products, waste
expensive

Both technologies call for improvements towards lithium yield,
by-products or investment cost.




2021 F iR kB B F 3 ¢

Neometals High-Level Flowsheet

Shredding

LiCo /NMC
Battery Feed

2nd Life

Black Powder

Stage 2

Metal Foil

High Value Metals

Cobalt
|

<o

LOADING

Typical-Smelter Materials Recovery

)

Ni 4 Cu S

Co [

Lg X
Lii [X]

mMn [X]
Fe - [X]
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Incumbent recycling chain/processes
Disaggregated, inefficient, low recoveries, waste-oriented

=50% recovery rate

ECYCLING SUPPLY CHAIN:
INCUMBENT PROCESS

Batteries received,
discharged, dismantled
heavily, potentially
shredded

High temperature
processing, calcining /
roasted, burning off
electrolyte, plastics, and
other volatile components

Smelter - electric furnace
process, processes black
mass from the preceding
step

Traditional hydromet
refinery; processes the
matte containing Ni, Co, Cu
from the electric furnace;
produces Ni, Co, Cu metal

Re-dissolve metals to

produce Co & Ni chemicals
(sulphates) that can be
utilized by typical cathode
precursor manufacturers

Possibly the electrolyte;
partially the plastics

Electrolyte lost; fluorine

emitted; potentially plostics;

potentially graphite

What's being lost:

Lithium goes into slag
(uneconomic to recover
thereafter); graphite,
aluminum, and other light
components - all directed to
the slag and off-gas

Losing any residual

manganese and other minor
components in the matte from

the smelter

N/A

MECHANICAL SAFE SIZE REDUCTION

Spoke

All types of lithium-ion batteries are transformed from a
charged state to an inert product in a safe and efficient
manner.

Spoke & Hub

Technologies

A combination of mechanical safe size
reduction and hydrometallurgical
resaurce recovery specifically designed

for lithium-ion battery recycling.
HYDROMETALLURGICAL PROCESSING

Hub

Cathode and anode materials are processed into battery
grade end-products for reuse in lithium-ion battery
production or other applications in the broader economy.

95% recovery
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Spoke and Hub Technology of Li-Cycle

>Li-|on batteries for re(yclmg> Shredding & mechanical separation > Intermediate products

Extraction & material recovery > Battery grade & refined materials

Spoke 1
Kingston, ON

Spoke 2

Rochester, NY

Spoke “N°

Network of Spokes

Sold to the market

Mechanical

Hub1

Rochester, NY

®

Black Mass
Interim sales to nickel

Hub "N"

Centralized Hub

per region

Shredded Cu/Al  Mixed plastics

Copper and precious
metals recovery

Plastics conversion
into products

Hydrometallurgical

‘\ Lithium Carbonate
Battery cathode, battery
electrolytesalt. glass.
pharmaceuticals

Cobalt Sulphate
Battery cathode,
glass pigment

Nickel Sulphate
. Battery cathode.
electroplating,
glass pigment

Manganese
- N Carbonate
Wit o/ intermediatefor battery
+" grade product production,
steet making

10
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Spoke Technology

Patented Apparatus / System

e e e e s
| Lithium-lon Batteries - all chemistries, Hygiene
form factors in a single stream, at Ventilation

Screen
Shredded Plastics Plastics: Plostics
to fuel or reuse
Screen ) P,
Cu/Al Foils foils: Copper and
precious metols
recovery

their state of charge (SoC) as-is

b

1

1

1

1

1

1

1

1

1

1 Neutralizing
I Solution
1
1
1
1
1
1
1
1
1
1

Shredder Eiter
] 1 Black mass: Interim
1 1 sales to nickel
Black Mass ' ! recovery; input to

H 1 the Hub; easily

LiPFg, electrolyte solvent, binder 1 1 transportoble
! 1 relotive to batteries
B o e e e e 4

Shredding-drying-sieving-magnetic separating-
electric separating 5} 152k} ~ $245 - MR

11
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Closed loop

of Lithium
battery

El
"I [

BATTERY
MANUFACTURING
octp .

I - ‘an:y l
CATHODE 4o &dstock recovery : » RECYCLE
PRODUCTION PROCESS

; MATERIAL 4_,
Recycled feedstock CONVERSION Metal salt recovery

COST, EMISSIONS, ENERGY, THROUGHPUT, WATER CONSUMPTION,
COMMODITY RECOVERY, REVENUE, WASTE TO ENERGY, ...

w—

[WWSSl  COLLECTION,
PRETREATMENT

BATTERY USE

Yo
- 0y
~ Ors
~ St cay,
-

~

“Black mass*” — a new resource

® Recycling of lithium-ion batteries Element  Content
(L1B) starts with mechanical = weight %
operations (e.g., dismantling, Ni 20
shredding, sorting). valuable Co 6

B This yields “black mass". metals Mn 6

® |t mainly consists of the
electrode active material.

® Black mass contains valuable

Co, Ni, Mn, Li, but also carbon
and many contaminants.

Chemical treatments are needed to extract
the valuable metals from “black mass”.

12
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Deep dive hydrometallurgy

lllustrative process

black mass H,SO. H, S0,
solvent NaOH solvenl Na2C03
around
Heat Cu solvent Al, Fe, Zn Ni, Co solvent Li- recovery and 10 kt
_) Nazso‘
waste
Off-gas Carbon CuSO AI(OH),.
organics, (removal via ¢ Fe(OH),, k:m'{::i
fluorid: filtrati Zn(OH),, e
uoride ation) c(a SO).Z Co, (Mn) sulfat
Characteristics
v Well established processes in mining industry up to nickel and cobalt recovery to build on
X Inflexible process — lithium is always recycled at the end and comes as lithium carbonate only
X Significant amounts of sodium sulfate waste by-product
The process cuts CO, emissions by -25% vs. CAM* materials based on mining.
Step 1: Removal of lithium from “black mass” Step 2: Extraction of Ni, Co
“black mass” H,SO, H,SO,
30 kt H,0, Ca0 NaOH  solvent
4 4 4 4 4

Selective Lideaching Lsschin Purificat Ni, Co solvent
and purification 9 i extraction
N N 4 N

Carbon CuSO, AI(OH),, 10 kt NCM
(removal via Fe(OH),, in form of Ni,
Benefits of LiOH first: filtration) Zn(OH),, Cl:lSOa Co, (Mn) sulfate

¥ avoids sodium sulfate by-product
v allows direct access to lithium hydroxide
v cuts investment cost in the value chain

13
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Deep dive lithium purification

Impurities that need to be removed

“black mass”
30 kt

|

Smart Lirecovery
lithium release and purification

S elé_;léliz';.- [ ]u

sc ™ [Pa] 0 [un v am cm[wn | s [rm [ we | s

e '99[~|_.'§_-.‘].7m’

New BASF purification scheme
Recovering battery-grade lithium from “black mass”

Lithium ex lon exchange / Purified
“black mass” Crystallization adsorption lithium
c Plateau above
Sulfate battery grade m
Ca i specifications Co
g ./ + > =
- Al
[ = K
e Commmncer .}
W Off spec. works for mostions, ... but not for fluoride v proof of concept B in spec.
[ Not speciied in lab achieved S

Smart combination of purification technologies needed to extract
battery-grade lithium from “black mass”.

"

14
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Lithium demand

Lithium .
demand . 0;; P 30%
> = < A

01

184 kt

~ 25
60% LCE
12%
T14% 6%
Electric Energy X Batteries Non-battery
= vehicles storage E-bikes . (trad. markets) demand
It suggest that the lithium demand strongly depends on the (Source: McKinsey, Bloomberg New Energy

. - X Fir , D che Bank, Wealth Mii 1s)
automotive electrification. paeed e San Nealn o

25

Total Li Production (tons)

Demand and supply of lithium

Lithium dissolved in brines

Total Li Production (tons) | | Total Li Consumption (tons)

0008 OBrine = Minerals o 40000 gccounts for more than 66 % of
190 =
£ global lithium reserves.
30000 22 L 30000 5 &
23500 ] =
T i = e
20000 - —— i | li000 2 Today, most of the lithium is
} i ] & produced (about 83 %) from
10000 4 i i i i lioo00 S brines.
0 - - el i lo
2010 2011 2012 2013
Supply/Demand balance forecast
1,200,000
1,000,000
The deficiency of lithium e
. 8 600,000
carbonate will reach about 350 = 00000
& 200,000
k tons. BT, o e em e BB e
200,000 l
-400,000
-600,000

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

— B alance —Processed output (adjusted) —Demand

15
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Two main recovery resources of lithium

* Brine water
* Spent lithium battery

To produce

1 Ton of Lithium ‘ LN '

We need

250 T of ore
(spodumeéne) 28 T of Liion batteries
from mobiles/laptops

Or

750 T of brines

o

Bege o o ks > Or 256 batteries
=== r;} ] for EV

16
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| l Pending issue | ]

Lithium reserve :
South America (80%)

reserve : 30 million tons

¥

The demand of lithium will

increase. salt lake ;[
A | | Korea | |
Lithium have the same
problem as rare earth. Commercialization of Important!
-Scramble for lithium the technology for
-Soaring lithium price resource recovery of Wew Teihnolsests
- Export regulation from seawater lithi ‘(’;.y
(until 2015) extract lithium from
P sea water.
Innovative technology A

- Seawater Lithium Recovery Project

lllustrations of Lithium Recovery Plant

LITHIUM RECOVERY PLANT

17
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Multiple Utilization of Ocean Energy and Resources

Potable Water
Hydrogen

/ Fresh Water

Reuse of DOW

Power Supply
3 D m
\ | Desalination |
il
Electricity Surface W. Deep Ocean Water

(DOwW)

g

“Qﬁf Foods
S

——___ Local Area

\ \ Cool Green

Chilling System

\ House Plant

l Aquaculture

31

DIRECT RECYCLING

Direct recycling
recovers cathode
material instead of
metal salts, offering
the most potential for
cost effectiveness

LITHIUM-ION
BATTERY
RECYCLING

Approximate Price (Skg)

OPrice ¢
Orrice

T

2

22

LFP
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DIRECT RECYCLING

= Multiple processes

Typical Direct Recycling Process Flow

Electrolyte
Recovery

investigated to mitigate risk

= Continual review of new

project ideas

= End projects that are not
showing promise in cost and

performance

= These unit operations can
benefit other recycling

processes

ReCell iy ==

Cathode,
Anode, and Metals
Separation
+ 4

CATHODE,

+
oo
o
caRBON BLACK, 20 [
AND PVDF O

Carbon Black
and
Removal

Relithiation

and Upcycling &

20 ‘=

,A‘

Battery
Shredding

\

< REC}«{\
\(a
@

D //?(\

END-OF-LIFE
BATTERIES

“

g

Battery
Manufacturing

REJUVENATED
CATHODE

Cathode recovery could enable economical
recycling

* Value of constituents for LiFePO, 1s low comparing with
LiCoO; or Li(Co,Ni,Mn)O,, but cathode itself has high value.

Cathode Price of Price of Cathode
Constituents ($/lb) ($/1b)

LiCoO, $9.90 12.003%4

LiNi ;Co ;Mn ;0, $6.10 $8.804

LiMnO, $1.35 $4.502

LiFePO, $0.751 $9.102

Spent LiFePO, battery will not be recycled to the constituents by using chemical

or high temperature smelting processes due to the lack of economic benefits.
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General flow sheet for production of lithium compounds from brines and seawater.

The traditional process is
Multi-stage Salts of Na, K, Na, Mg, etc.
pEEias i complex and needs many

e | oo LB semew  Chemicals, which is detrimental
Sl B [ o= 10 the environment.
wa.Ca. LL Is there other simple and
Concenes environmental friendly
process to extract lithium
[ on sotuion from sea water?

Li solution

LiOH solution
—w | -
[1on excnange resin | s ——_ L [T———=] E—t
l = Ca(OH): l
Li,CO, LiOH.H,0

HO ——
Ultra high purity Dissolution &
Li,CO, Crystallisation

Lici 35

Adsorbent Having High Selectivity for Lithium lon
Spinel Type LiiMn,O,

Ca2+
K+
coss) N — N

A 4
.
(0.78A) |

Angstrom pore
Having Li* size

lon Size Memorized Adsorbent
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Synthesis of Li,Mn,O, and A-MnO,

Mn,O, | + | LioH-HO |

Acid treatment by 1M HCI

[

=

Molar ratio Li_: Mn = 1:2 or 1.5:2
P —

Mixing & S\Lrindibg (15min)

Pre-sintering 425°C, 5h

Slow-cooling aIJ roo;L temp. for 1.5h

To keep the tal structure,
stirring in cid| solution of
molar ratio [LLi*] :{|[H*] = 1 : 40
for overnight (Several times
repeating)

lon-recognizable
adsorbent of Li*

Mixing & Grindihg (15min)

i

Main-sintering > 500°C, 5n

Slow-cooling in elecs/{ic oven for 12h

\ Li,Mn,O,

Granulation of Adsorbent for Column Packing

LiCl 0.25g + Chitin 0.05g
in N-methyl 2-pyrrolidinone 5ml

Ll

+2-MnO, 5g under stirring

el

+ 2-propanol

SEM image of
granulated
adsorbent
(x60)

—
e

vacuum filtration, rinse with
deionized water, dry at 60°C

-l

Photograph of
granulated and
powder
adsorbents

38
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Benchmark Plant of Lithium Recovery from
Seawater in IOES

HCl
solution
Adsorption columns for
Li recovery with 2-MnO,

Performance of Equipment 7 -
LiCl solution eluted by HCI
Adsorbent weight: 60 kg Pre filter d
Adsorbent volume: 0.6 m? :
Eluting aq. soln.: 0.8 M HCI

Desalination plant

Flow rate of seawater supply: 200 L/h

7
Precipitated Solid

Seawater Containing Lithium
39

0.15 - -
L e © . ®.% J
L - P J
—_— i . il
e O 5 W (5 ) e |
= L o9 © J
1= L 4
= I e ]
5 I _
0.05 ° =
L P Il
L % J
. @ J

0’OOO h 200 400 600 800

Feed Volume (m?3)

Lithium concentration profile after passing adsorption column.
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Tonic adsorption selectivity of MnO,

Table 1. Metal composition of the eluted solution and the dried precipi-
tate salt

Concentration

Eluted solution Precipitated salt* efficiency from
Element (mg/L) (wWt%) seawater
L1t 160 33.3 11000
Na™t 236 20.4 0.26
K+ 92 3.3 0.94
Mg>+ 17 8.2 0.57
Caz+ 176 13.4 4.11
SeZt 35 2.0 50
Mn?+ 234 194 —

*calculated as metal chlorides existing in the precipitates

Problem of the ion sieve adsorption technology

* The main problem of the ion sieve adsorption technology: The
adsorption capacity and rate became smaller and slower after
granulation and adsorbent loss increased due to the degradation
of the binder.
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Electrosorption of LiCl in different solvents by carbon
nanotube film electrodes

10 15 20 25 30

Time / min
e 10V - 12v|
- 14v v 16v|

0 S5 10 15 20 25 30 0O 5 10 15 20 25 30
Time / min Time / min

Fig. 2 Time-dependant LiCl concentration variation in (a) water, (b) methanol, (c)
ethanol and (d) DMF during the electrosorption at different voltages.

Purpose of research

Lithium 10n sieve

Electro-adsorption
* Step 1 * Step 2
+ - Lithium capturing - Lithium releasing
- Energy generation - Energy consumption
Discharge Charge o —

QK
® o
@ Na*
o cr
L e
W Mg+

@ cr
o Cax+ © CF

Methodol 2Vy: The spent LiFePO, powder was coated onto the surface of
titanium mesh by using electrophoresis to form a 3D nano-structured electrode,
which can extract lithium from brine water via electro-adsorption process.

44
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Benefits of the combination of 3-D nanostructured lithium 1on sieve
and electrosorption

* Fast adsorption/desorption rate due to the combination of the
3D nanostructure, lithium ion sieve and electric field.

* No need of granulation.

* No need of membrane which is expensive, easily leads to
biofouling and is easily permanently destroyed by certain
solvents and colloidal solids.

* No need of washing acid, which is more environmentally
friendly.

45

After disassembly

i e -
i g

- .

\ LiFePO, cathode / Graphite anode

25




2021 FRE BB F €

LFP i p %
ST TRAES TS
25ml di water + 1.25g LFP + 1wt%PSSA ]

[ & 7k :4V,120sec (2410) ]
CHUALIPAB |
[ N, 50,300 . C 4% i Thr 4 PPy A LEPYN 2R ]

[ LFP?@K}%:’-&Z'&;‘@J% ] [ PPy/LFP;’@?%’%Z‘ktﬁﬂ'Ii ]

(1287&1260) W [ C'V ] [G;D] [ E;S ]

E R 0.1 MLICl
k2 (2410)

0.1M CyoHe(SO3Na), +0.1M Py ]

CVik A 8:-0.2~1.02V,100mV/s,5 ¥ ]

EIS:15k~10mHz.5mV

CV:0~0.75~-0.4.1mV/s
GCD:150mAg~?* % RGCDIE % IMLICIKZEZ » IVIEEA T
i #%20hr

N % M4 #%:100 mM LiCl
R it K e JLF 7% 30 mM_KCl

‘ X KM A0V RMALIV
m— [ Rk ] % 1 % % 30min

#£5R

Comparison & Conclusion
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XRD pattern and SEM images

Zeta potential at different pH

10 —m— LiFePO,

| ..\\\ —®— LiFePO,+0.5wt% PSSA
0 pH

-10 -

Zeta Potential (mV)

-20 -

-30 4

-40
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0.010

T
100

Time(sec)
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Map data 790
MAG: 180x HV: 18kV_ WD:15.3mm

SU1510 15.0kV 16.7mm x170 SE 12/26/2017 16:07

Effect of heat-treatm -

B f
heg Oﬁrealtlment After ultrasomc peeling rate

after 0. 5840 0.5830 0.17%

0.7773 0.7692 1.04%

nm x3.50k SE 3/28/201817:13 ' ' ' 10.0um SU1510 15.0kV 15.1mm x3.50k SE 3/28/201817:10 ' 10.0um

Before :
: After ultrasonic
ultrasonic
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Schematic of lithium ion capturing process in simulated

brine water

Discharging

Chacrging

© Na
e

Brine water

1st reservoir

- 1ST reservoir

to 2nd reservoir

- Extraction of

high purity Li+

Working electrode: NF@ LiFeP0O4
Counter electrode: Pt

Working voltage: 0.3-1 V for 10 min.

Cycle times: 1-6

Source water

to 1st reservoir

Discharging

Dizsharge,

Chargin

Charge

2nd reservoir -

XRD patterns

N 2= /) i
Vs -..-;\«‘,.» | P L Y | S

Intensity (a.u.)

= FePO,

1= 'S

v

— LiFePO,

A A
A & AN A .
WA A Ve AN AN A

V‘mewﬁ

A stainless sheet

after eletrophoresis

st ]

adsorption for 195min

adsorption for 75min

delithiated for 1000min

2-theta

60 70
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10905.5

12826.11

0.8502
15199.03 12562.5 1.2098
e  Fe2t Fe** Fe?*
i > /
/r \'\f;amum \ " § "\"y Satellite 4 \
gttt e % '] TN i i \ W \
% S A ™ \ et LW —r ot R
= \ \ A |
740 735 730 725 720 715 710 705 740 738 730 728 720 718 710
Binding Energy (eV)
before

705

Binding Energy (eV)

after

L 2

SE 5/12/2020 20:14

O

74

m  SU1510 15.0kV

15.0mm x4.00k SE 5/12/2020

SU1510 15.0kV 15.0mm x47 SE 5/12/2020
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% RGCD& E

1. PPyt AR BLFPHBMA R E > R T HEALLFPERER S >
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SU1510 15.0kV 15.0mm x6.00k SE 4/14/2020 12:32 5.00um  SU1510 15.0kV 14.7mm x7.00k SE 4/26/2020 17:44

% LI B B

. ‘&(l‘g‘ #&:30mM of each (NaCl, KCI, CaCl, and MgCl,.LiCl) or 100mM
Li

* L& :30mM LiCl

* R AL B ] :30min

% M EE:0.3V e+ Li+ + FePO4 — LiFePO,

MKt R 1.0V LiFePO, — Li*+ FePO4 + ¢’

o k¥4
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Lithium adsorption for different cycles

Li* Concentration(mmol/L)

100
10} [—a—LFPIC | Wl LFPiC
—— ILD’:;;EFP/C [- PPY;'—FP/C
—a—LFP/Ti o | | LFPTI
o8 | —v—PPyILFP/TI = I PPy/LFPITI
E ol
= i S
ul ~ ol
02 3 20F
o :; |.15 270 215 3{0 3?5 4‘0 ¢ 2 3 4
Cycle number Cycle number
mg/g il @ mmole/L Ti (€
Tivs @ LFP 25.5641 0.26 LFP 0.09676 | 0.036
PPy 57.1818 0.48 PPy 0.18124 0.05

Ion adsorption selectivity

+ Na" Concentration(mmol/L)

Li*

1.0+

—a— LFP/Ti
—e— PPy/LFP/Ti
—a—Na’

0.5

T

@ BICP#E¥Na’
LR o

4

AL EE T ER R
LI R 4E M

Cycle number
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(a) N\ \V’ . EMe g
@ LAY Conclusions ﬂ"

* Two main recovery resources of lithium :
*Brine water
*Spent lithium battery

* This lithium recovery system successfully demonstrated that lithium can be
selectively recovered from brine water which contains various cations.

* The Li* adsorption efficiency of the nanostructured lithium ion sieve and electro-
adsorption is better than the traditional ion sieves.

* Novel lithium recovery technology from brine water by using spent LiFePO,
battery was successfully developed.
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