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v = Aa o ° o a s v o
%ayjaﬂszmmmi%’m%mLaEILL‘UGlLﬂaiaL%ﬂﬂJﬂﬁWiUﬂauwaLﬂaiWﬂW’l (I‘Uﬂ‘i.j]ﬂ)

U w.e. 2559 U w.a. 2560 U w.a. 2561
Vinaenaeuiamesiinda | (#309) 1,630,000 1,360,000 1,210,000
ﬁﬂwﬁnmnﬂauﬁ'zmaﬁﬁmﬁﬂ 2 (Au) 3,749 3,128 2,783
dwthennuunmaiadion ® (fu) 584.8 488.0 434.1

v da a ° o a s <
%agaﬂszmmmimn%mLﬁmwﬂ LADIALNYUEAINITUADUNAADINANT (LnULan)

Uszuans U w.A. 2559 U w.A. 2560 U w.A. 2561
YSuamineauiamasuniian b (1n5e4) 2,000,000 2,400,000 2,500,000
SinenaoufiamesunUiEn 2 (Gu) 1,600 1,920 2,000
Ymihenuunnesasion ® (f) 352.5 423.0 440.6
Yoyauszanamsvinvaadeuuninassasudlnia (BEV uas PHEV)

Uszununs Uwea  Uwa Uwa  Uwa  Twea  Twa  Uwa

2562 2563 2564 2565 2566 2567 2568

USUUIINULUALADISABUA WA (72) 10 10 10 70 270 - 300
Ymihenuunnessagudlniin? (u) 3 3 3 21 81 - 90
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N159LATIZNULLTNNINITNAIATDILUALN DI ALTENASIsDRAn Uaglunazauinn (Widae: AN INA-421ue/

Uszmnisldanu W.A. 2553  W.A. 2558  W.A. 2563  W.A. 2568  W.A. 2573
Insfnniede 6 11 17 28 44
AaNImBsSLNULER 1 7 12 17 25
AOUTIMDIAIUYAAE 12 9 9 9 11
gunsaiBidnmseiindnnmn (Bu ) 3 4 7 12 20
gunsafBidnnsetindwnmw (Maviun) 21 31 45 66 100
soeu bl (EV) 0 11 65 115 200
sasusUansulausa (PHEV) 0 2 8 13 25
S08UAtaUSA (HEV) 0 2 7 15
grueudlnd Bu 9) 0 0 1 2 5
grusudlnin (Ravan) 0 13 76 137 245
gunsaliniundsaru (energy storage) 0 0 2 10 30
msldaudu 9 1 1 2 7 15
SITaAY 22 45 125 220 390
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Type Lithium Lithium Lithium nickel  Lithium nickel  Lithium  Lithium iron Lithium
cobalt nickel  cobalt aluminium manganese  manganes phosphate titanate
oxide oxide oxide cobalt oxide e spinel

Short name LCO LNO NCA NMC LMO LFP LTO

Type Lithium Lithium Lithium nickel  Lithium nickel  Lithium  Lithium iron Lithium
cobalt nickel  cobalt aluminium manganese  manganes phosphate titanate
oxide oxide oxide cobalt oxide e oxide

Cathode LiCoO, LiNiO, Li(Nij ¢Co, ,Al, ,s)  Li(Nij,,Mn ,.C  LiMn,O, LiFePO, e.g. LMO,

o, 0,330, NCA

Anode graphite graphite graphite graphite graphite graphite Li,Ti.O,,

Cell voltage | 3.7-3.9V 3.6V 3.65V 3.8-4.0V 4.0v 3.3V 2.3-2.5V

Energy 150 mAh/g 150 Wh/kg 130 Wh/kg 170 Wh/kg 120 Wh/kg 130 Wh/kg 85 Wh/kg

density
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Positive terminal

Anode
(negative plate) e o Anode tab

Cathede tab

Gas Release Valve
Top insulator — |
~«—H— Cathode
~— Separator
o=—— Anode
Anode — !
1] ,—Aluminum
/’ laminate film
Nriw tab &m plate) Electrolyte : Cathode
. H 4 ¢
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Mining

BRUANTNLEANINISUAIR YN
LUALABIA28NITUINAUU LY

Uszleadldlugd Ine Argonne

Refining

LITHIUM-ION National Laboratory

BATTERY
RECYCLING

Manufacturing
Cathode
Production
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Primary treatment

(physical & mechanical)

Battery waste

| Battery collection

|. Waste

]

i Separation of Li batteries

l
smantling
I

pretreatment
1

Y
Pyrometallurgical
process

) e W

process

process.

Secondar treatment Calcination ] —-[ Dissolution ] ‘—-[ Bm-le?nhlng]
- 3{’ (Cromsing ) teaching ) [ wewr )
chemical treatment T ‘:::r:ﬁn:n J

& refining) L {gnsionne Chemical
: | e |
Electro-
1 = I
Recycled products
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Lithium - lon Recycling Technology by Capacity

Mechanical
1000:1 18%) ~ Pyro - Mechanical
Pyro -
Hydrometallurgy —
9300 (11.01%)

= Pyrometallurgy
= Hydrometallurgy

_ Pyrometallurgy = Pyro - Hydrometallurgy

33150(39.25%) TN

. S 200 (0.24%)
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A79819UaYATI8YBUTEN USLANVBIVINBALATZUIUNSN LYS LULAALUALADS

Company Battery type Process Location
Toxco Ni, Li-based Cryomilling (Li) Trail, BC, Cannada
Pyrometallurgy (Ni) Baltimore, OH, USA

Sony Corp. & Sumitomo
Metals and Mining Co.
Accurec

Batrec AG

Umicore

Recupyl S.A
Saubermacher and Redux
AERC

All type battery Pyrometallurgy

All type battery Pyrometallurgy
Li-based, Hg
All type battery Pyrometallurgy

Pyrometallurgy

electrowinning

All type battery Hydrometallugy

Li-based
All type battery Pyrometallurgy

Pyrometallurgy

Japan

Mulhiem Grenada
Wimmis, CH, Switzerland

+ Hooboken, Belgium

France

Bremerhaven, Germany
Allentown, PA, USA
Hayward, CA, USA

West Melbourne, FL, USA

SUEUNUIIYVINTS Innovation in Raw Materials Conference 2019: Circular Economy, 12 ﬁqmﬂu 2562 11

2. walulagnisslaifagnnuuamasuianiaisudussdusznau
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Lithium-lon Battery Recycling Capacity (Tones)

Hunan 6000

S 4 -~ Accurec 2000*
/ ) : /@ -~ Glencore 7000*
4 \ / »
4 L £
4 y /

Shenzhen30000° —

~~ Umicore 7000*

h
b

- Recupyl 110*
/ ~ SNAM 300*
/. AkkuSer1000*
~ Batrec 200*
" Euro Dieuze 200*

"\ valdi 20000

JX Nippon 5000* ~

Dowa 1000*

Retriev4500*

~ Sony 150

= Umicore Battery Recycling (BE)

= Glencore (formerly XStrata) (CH)

= AEA Technology (UK)

® AkkuSer Oy (Fl)

® Euro Dieuze / SARP (FR)

= G&P Batteries (UK)

= AERC Recycling Solutions (US)
Nippon Recycle Center Corp. (JP)

= JX Nippon Mining and Metals Co.

= Hunan BRUNP (CN)

= Accurec Recycling GmbH (DE)
Recupyl S.A. (FR)

= SNAM (FR)

m Batrec Industrie AG (CH)

= Valdi (ERAMET) (FR)

m Retriev Technologies Inc. (CA)

= Sony Electronics Inc. - Sumitomo Metals and Mining Co. (JP)
Dowa Eco-System Co. Ltd. (JP)

= Shenzhen Green Eco-manufacturer Hi-Tech Co. (GEM) (CN)

3. . s = 2 o w a
UVBYAIN European Commission (‘WSJ']FJWW!: * A LAUNIAINITNARN)
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Smelter
END OF LIFE s
8
Li-lon/NIMH ']
Batteries q
stack
Gas cleaning: 2 bag filters
—m  Granulation
Slag \‘_I
l l Alloy
[ — ‘ I 1 T 1 T
| B0 B B Ty
Cal] l €, Ni refining
Rare earth oxides
ni{om! lineo,
l Flowsheet I
Construction materials Umicore Battery Recycling NEW Li-lon/NIMH Batteries
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= a = v a ] av A ¢ = '
ns3lyRatunmasiagldnszuiunislaningiadnuiou usEngiines Usswaualey (6a)

Stack gases
£ Gas g >
»
Potential
Dismantled recovery for
Lithium lon Slag including Li | usein
Batteries Smelter Eement Hal
[R——— 2y
1400°C Alloy: Co, Cu, Ni, Fe
Air . . Solvent CoCl
_ Leaching 1 »| Leaching 2 > ; 2
Limestone Extraction »| Oxidation
sand I TNH!U!H'GES Oxidizing
Agent

Slag T = =
Cu Fe Co30,
Ni to Ni{OH), v

Firing NEW Li-lon/NIMH
> e L,
Li;CO; 900°C | LicoO, Batteries

I Natural Gas
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= a Aa a a o ~
ﬂ'izU'JUﬂ"l'i'i‘LsﬁLﬂaLL‘UG]LﬁaianEJQJ UIHYN Accurec Useineteasuu

Li batteries waste

|

Mechanical

: ; Binder
pretreatment plastic, casting
Vacuumthermal treatment Electrolyte: sahveny; Slag former -
conductive salt
Mechanical crushing . %\Ud’
precipitant

l

Sieving, magnetic
separation, air

|

Electronics,

Aluminium, steel,
copper, plastics

i

Agglomeration

I

* Reducing meltdown

l

Leaching, precipitation,
filtration

!

residue

Cobalt manganese alloy

Lithium chloride
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ASLUIUNTTI bULAALUALADS USWWN Batrec Industrie AG UTsINAZAALEDTLALA

[ Battery waste ]—

Sorting

Exhaust gas
purification

_|
Pyrolysis

Zinc carbon
Alkaline

manganese
button cells

- Mercury distillation - Mercury
) - Ferromanganese
— Electric arc furnace —
- Slag

Zinc condenser
'|

Zinc
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THERMAL TREATMENT WASTE GAS WET CLEANING WASTE GAS DRY CLEANING
HOPPER
ﬂ CHIMNEY
poST
HAFT FURNACE/ COMBUSTION ol SPRAY PACKED  VENTURI F
USED BATTERIES PYROLYSIS COLUM  COLUM  SCRUBBER ACTIVATED

-

o T LRURINTEUIUNTTS LULARLUALADS
INTERMEDIARY /% é\l

|
TANK \

ﬂ R
i\

USWW Batrec Industrie AG

FINE PARTICULATE

: . a -4 I3 0
AIR FITER UszinAdlIntgasuaun (s9)
@)

CENTRIFUGE

s =] S5

BAS MERCURY CONTAINING
- HuT e
‘; = nn PRESS [ 3 SETTING TANK A
N o T - ;
2+ LLLLL Lifieifds ' :
| i v |
= = | O @ O QUU C
INTERI — -
FERROMANGANESE ‘m';r:'?m FILTER CAKE TANK INTERMEDIARY SAND Fll-:"‘l'::l':ol"-'N “mﬁ M:f::“:l?:v:‘::l‘!
@ TANK FILTER
i WASTE WATER TREATMENT
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ASLUIUNTTIbULAA USHN Saubermacher way Redux UseinALeasuil

Li batteries scrap Redux’s own grid
T | R
Discharging :—» energy
I ;
< ] Plastic, aluminium,
Disassembly i
| ) electronic component
Thermal treatment |
1 '_ ;
] i Stainless steel,
Mechanical process = > fop
| ) aluminium, copper
Active materials
I
f 1

Pyrometallurgy process ——{ Hydrometallurgy process ]

[ |
+

Recycling product
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[ Li batteries scrap ]

Discharging
]
Disassembly
!
Electrode powder
(Li, Co, Ni, Mn, Cu, Al, Fe, C)
l

. Plastic, aluminium,
electronic component

H,S0, | Leaching * Graphite and residual

| == pH~8 [ CulOH),
NaOH * Solution purification -

- I ~ Al(OH),

) ' H ~10 i
NaOH © Co, Ni,Mnrecovery P . Co(OH),, Ni(OH),, Mn(OH),

Temp = 95°C . 4 . .
— Li crystallization » Waste water (Li, Na, SO,%)
Na,CO, I
Li,CO,
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1. d15vzazaunilans 2. Thaudaului 95 °C 3. \fuansazatsloLfsy
Afisuazavoy advaunlinnaznau
AlsuatTualun

o a da o
NSTUAUNTSI LAALUAMBIALENIAY
NSLUIUNISLANINYIFNTALANYBATANNEAN

Aisuluszauiesluanis (de)
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dadrudsunasnuunnasaian (lLirawenasrusenauniaadl) Tul w.a. 2561

234 fiu (21.1%)
440.6 AU (39.7%)

wuawesuidawmasuldlulnsdnwiileta

434.1 AU (39.2%)

o a Y
LLUﬁLﬁaiﬂauW?Lﬁaﬁuﬁuﬂ

m Wsdwiliefie m wiuidn g Wnda

o a < <
LUALADIADUNILADIUNULAR
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TAS9aF19NUIUNITUTIITIANITBIN VL BLUALAD I L NBNLTIYTAINT
LIB Waste Management Infrastructure

______________________________________________________________________

Manufacturer ': '
importer ! (]

I ' "

W ( Remanufaclyrlng)

i
L
L i
it 1 refurbishing
i I: plant
ﬂ Take backto ! : :! e S

remanufacturinlg/ W =i=1 Secondary
Pretailer WA R Da i - = user/market

it
(L
r———% i
1 Take back i
it
i
i

I's
1
1
]
L}
]
1
1
]
]
1
]
]
]
1
1
]
]
i Manutacturer Take back 4 ﬁeg{onal 5 " ( LB Rf:v:"ﬂs )
1 importer ollector an 1 plan
(U T (28 of i bIo / “eagmare \ i
] cH — [l VOVO
1 El:l Local LIB1 (OYUYU +
i A — e collection point :: Rew harat
1 [ \, >y
1
- Eh
]
1
1
1
1
1
1
]
1
1
1
1
1
1
1
1
]
\

UM bile/tablat
notebook

L] T "
e I W
Take backto ) 1l

RAarka rolie l remanufacturigg/ 1l
= Take back route recycling it

Repurposing
plant/station

Take back to 1 Take back

remanufacturing/ i
Secondary

recycling
Da : ' user/market
1
1

#2  Possible take back route

Manufacturer

—= Recycling route importer

LIB Waste Separation 1|
LIB Waste Collection 1 and Inventory ol LIB Waste recovery

______________________________________________________________________

$UEUNUIIYVINTS Innovation in Raw Materials Conference 2019: Circular Economy, 12 ﬁqmﬂ‘u 2562 23

a aa o

3. uuIMeNTSsleRagnnuunnassiandamsudusssusenavlulsewnea

YUABUNAN MUINTS LULARVD A LLUALAND I ATNENNABNTZUIUNITN LanINedsazans

1) N1557U5°Y Lﬁ‘l.i“l'.l‘u ANLLEN

§ (LIB waste collection and separation)
S

]
¥

2) NISLASHUVHZNINIEAN

é )

(Physical waste treatment)

l

3) NSTUIUNISLANINYIEITazay

~

(Hydrometallurgical process)

TaauAlne
(New cathode materials) ynfuAurnvesdeuunnasaiisunidiflddisuasunuiuansiiumisgaiuy
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- .

PE - Portable electronics
EA - Electrical appliances - -
1) NT1557UTU LNUTU AALLEN
(LIB waste collection and
separation)

i EV - Electric vehicle
UFINUURALADT

(LIB waste collection) ES - Electrical storage

ulazy
(Discharging)
i thlunan/deunyuli
T e (Remanufacturing/refurbishing)
(LIB waste separation) (Capacity check) B ﬁﬂtﬂikﬂafﬁqdizﬁaﬂnﬂ
a - : (Repurposing)
LUALADITLNALAN (PE, EA) ] uum.nn‘{w*mlmu (EV, ES) pUposes
{ i
UABATUIN (LR
(Crushing) (Discharging)
4 T 2) NISASHUTHENINTLAIN
ANLUNTUIANIUAZINGS aosUsEnau (Physical waste treatment)
(Screening) (Dismantling)
| |
i
!
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= ' ) Y = a = da o Sy a '
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»~ i 2 ~
©
wentIAIng
(Cathode separation)

'
Yzazany
(Leaching)

3) nsTUIUMSlawIneIasasany

' b (Hydrometallurgical process)

(Solvent extraction)

o a
yinasazanuliuigns

(Solution purification) Rev—

1 (Precipitation)

ANKANALEY
(Lithium crystallization)

|
L] L

TavizRiiioy ] { dsusenavdifioy

(Lithium metal) (Lithium compound)
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®* https://www.amazon.in/SR-INFOTECH-CR2032-Lithium-ion-Battery.

* https://www.getfpv.com/panasonic-18500-2040mah-li-ion-battery.html.

® https://searbox.ae/product/sony-np-fw50-2pcs-and-dual-charger/.

®* https://www.electrochem.org/redcat-blog.

® https://www.amazon.fr/Batterie-compatible.
®* https://skyline-eng.com/lg-v400-tablet-li-ion-battery-bl-t12/.

®* https://shop.antigravitybatteries.com.

®* https://chargedevs.com/newswire.

* http://www.batterysupports.com.

® http://youtube.com, Lithium ion battery structure diagram, Ashland video.
® http://www.itdirection.net/it-news-0015/052913-00398-it-news.shtml.

® What is lipo battery pack construction. https://www.genstattu.com/blog/what-is-lipo-battery-pack-

construction/#more-1898.

® Safety of lithium-ion batteries. June 2013, The European Association for Advanced Rechargeable Batteries. p. 26.

$IUFNUUIIVINTG Innovation in Raw Materials Conference 2019: Circular Economy, 12 ﬁqu’mu 2562 29

&)

® Zubi, G, et al, The lithium-ion battery: State of the art and future perspectives. Renewable and
Sustainable Energy Reviews, 2018. 89: p. 292-308.

® Swain, B., Recovery and recycling of lithium: A review. Separation and Purification Technology, 2017. 172: p.
388-403.

®* Elwert, T., et al, Current Developments and Challenges in the Recycling of Key Components of (Hybrid)
Electric Vehicles, Recycling, 2015. 1: p. 25-60.

® Chagnes, A, Li battery recycling. PSL Research University - Chimie Paristech - IRCP, 2016.

® Ekermo, V. and h.w.c.s.c.E.d.i.-r.f.-p.r.-o., Recycling opportunities for Li-ion batteries from hybrid electric
vehicles, in Department of Chemical and Biological Engineering. 2009, Chalmers University of Technology,
Go6teborg Sweden. p. 50.

® process, T.B. http://www.batrec.ch/en/Recycling-Services.

® Bonhomme, R, et al,, Economic Feasibility of a Novel Alkaline Battery Recycling Process. 2013, Worcester
Polytechnic Institute.
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Saubermacher opens new high-tech recycling plant for lithium-ion batteries, in Redux smart battery

recycling. 5 June 2018, Saubermacher AG Bernadette Triebl-Wurzenberger Head of Group Communication.
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® Kunz, T., DOE launches its first lithium-ion battery recycling R&D center: ReCell February 15, 2019, Argonne
National Laboratory.

® Lebedeva, N,, F.D. Persio, and L. Boon-Brett, Lithium ion battery value chain and related opportunities for

Europe. 2016, European Union. p. 80.
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