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Primary Mining AND Recycling BATCicle *
needed!

Finland
* One of the largest Li deposit in
EU

* Rich in primary raw materials
« >10% of global Co refining

* 4% of global Ni refining . '\ Il RN el PG AS TR [
Ik o i ey ‘ R :‘,

 Wide industrial infrastructure

* Globally known metallurgical
knowledge

A Aalto-yliopisto
Aalto-universitetet ) .
H  Aalto University 2 September 2019, Prof. Mari Lundstrom, Pl BATCircle,
Aalto University



Years 2019-2020
BATC I rC I e Outotec @ KELIBER
\j/ e @fortum TRACEGROW

FENNOSCANDIAN
NORNICKEL LUT RESOURCES

HARJAVALTA [ ¢ University \ | 7 MALUJSON
‘BOLIDEN l:I|Il-1l;] o
A' wpmere | el

ﬂm’g‘;ﬂm Q [ m ima engineering

GROUP ol s ¢

- & ..o Mo Suhanko Arctic PlatinumOy ~

Finland-based

: @N\ p FINNCOBALT
circular ecosystem D smersmor

of battery metals

o

MINERALS|
MAGSORT
ersoria Terrafame rEga
MINE ON-LINE SERVICE

ﬁORI ' HARJAVALTA

2 September 2019, Prof. Mari Lundstrom, PI BATCircle,
Aalto University






INNOVATION AND

1

CGLIMATE
ACTION

3

THE GLOBAL GOALS ==

B [or Sustainable Development

GOOD
HEALTH

14

LIFE BELOW
WATER

PEACE AND
JUSTICE

N’
i‘-

CLEAN WATER
AND SANITATION




BATCircle *is5
—/ S

B ATCi rc I e - 22 M :€ Suhanko  Arctic Platinum Oy?/’yf =

FENNOSCANDIAN o \\A wacsorr

Fi
Sustainable primary resources &) KELIBER  “&a: Tf.'—‘f._‘:"_ﬁ>

Temrafame

Rl RAAR BAR
a M ! IR i A
N IVIALY
) Ml IANM'a 1 M

‘ ‘‘‘‘‘ v
BoP il @ e S

L ¢ 1 |

\ls

UNIVERSITY
OF OULU

& \ﬁ*wr

ITA-SUOMEN
YLIOPISTO

Prof. Mari Lundstrom, P1 BATCircle, Aalto University



BATCircle “i"

B ATCi rc I e - 22 M :€ Suhanko  Arctic Platinum Oy%/f

FENNOSCANDIAN )11 ,7cc0n

RESOURCES

FINNISH MINERALS GROUP
Sustainable primary resources ) KELIBER “&:* ,’?_'f'.“f._‘:’_ﬁ> SUOMEN MALMIJALOSTUS

MI™)

~ vornicker Freeport @& balt

HARJAVALTA

Value addition in metals production

Prof. Mari Lundstrom, P1 BATCircle, Aalto University




BATClrcIe

BATCircle - 22 M€ s wmnno®

FENNQSCANDIAN - gima

FINNISH MINERALS GROUP
Sustainable primary resources ) KELIBER “&:* ,’?_'f'.“f._‘:’_ﬁ> SUOMEN MALMIJALOSTUS

Value addition in metals production -‘BOLIDEN tfﬂNh Te'rafame

TRACEGROW OUTOT?( ~ nornicker  Freeport (& balt
rezs —~ (@Fortum

(R
. LOOP MAGSORT

Recycling of batteries @ crisorrea @

Prof. Mari Lundstrom, P1 BATCircle, Aalto University




ig%f RS
(g}; Syt
. Y
&
£

BATCircle

B ATCi rc I e - 22 M :€ Suhanko  Arctic Platinum Oy%/f

FENNOSCANDIAN ) A wacsorr
> FINNISH MINERALS GROUP

Sustainable primary resources @ )KELlBER HCoBALT

Value addition in metals production ‘BOLIDEN m Te'rafame
TRACEGROW OUtOt?( @ NorvekeE o

HARJIAVALTA MAGSORT

Recycling of batteries Qersoura @5 O :::: @Fortum
Freeport[®balt
Tailored precursors and active electrode materials >
N Ve
SR ' Regional Stakeholders |

PORI x%x

& \ﬁ*wr

ITA-SUOMEN

Prof. Mari Lundstrom, P1 BATCircle, Aalto University



BATCircle - 22 M€

¢

Suhanko Arctic Platinum Oy
S
FENNOSCANDIAN OIMA MAacsoRT

RESOURCES

WP1| Sustainable primary resources ) KELIBER “&ui menwson

FINNISH MINERALS GROUP
SUOMEN MALMIJALOSTUS

Terrafame

WP2| Value addition in metals production ‘BOLIDEN tﬂm >

TRACEGROW OUtOT?( @ 'onickE -

WP3

Recycling of batteries

HARJIAVALTA MAGSORT
@ crisoutea @

O i2: @Fortum

\l/

UNIVERSITY
OF OULU

& \ﬁ*wr

ITA-SUOMEN
YLIOPISTO

WP4

Freeportf® balt

Tailored precursors and active electrode materials

_____________________________________

Regional Stakeholders

PORI

Prof. Mari Lundstrém, PI BATCircle, Aalto University

lenuajod ssauisng

Juswabeuew 109loid

Mlom)au ueadoing




isti * Boa st
Synergistic recovery of valuable metals fsamarcle "f?&ﬁgg

ACS .
S U S'l'ai’n a b | s spent nickel-metal hydride batteriesand
Ty Ithium-ion batteries

Liu, F, Peng, C, Porvali, A, Wang, Z, Wilson, BP, Lundstrom M.

2019 accepted for publication o _ _
Recycl N g 2 mol/L H,SO,, T=75° C, liquid-to-solid ratio of 10:1
Good: Co, Ni, Cu 100 Addition of waste LIBs : 7 _
BAD: Li, Al, Mn, REEs, 90 _ ,_____/
graphite _ : ya
80 —8- ; |
| ¥/ Addition of waste NiMHs |

o)}
o
—

—&— Li (Waste LIBs)
—o— Co (Waste LIBS)

I —4A— Ni (Waste NiMHSs)
40 + —v— REESs (Waste NiMHSs)

Leaching efficiencies (%)
\l
o

a1
o
—

0O 10 20 30 40 50 60 70 80 90 100110120130
Leaching time (min)

EMC2019, Prof. Mari Lundstrom, Pl BATCircle,
Hydrometallurgy and Corrosion, Aalto University



Half Cell Reaction E, (V vs. SHE
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Half Cell Reaction E, (V vs. SHE

Cu2* + 2e- = Cu(s) 0.337

O,(g)+2H*+2e = H,O.(l 0.619

H,O,(I) + 2H* + 2¢" = 2H,0

LiCoO,(s) + 4H* + e- = Li* + Co?* + 2H,0 |2.152

Aalto-yliopisto
A Aalto-universitetet ) - )
B Aalto University 2 September 2019, Prof. Mari Lundstrom, PI BATCircle,
Aalto University



Extraction of Li and Co from industrially producemb
battery

waste — Using the reductive power of waste itself

Peng, C, Liu, F, Aji, AT, Wilson, BP, Lundstrom M.
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Lithium ion battery active material dissolution kinetics
in Fe(l1)/Fe(lll) catalyzed Cu-H2SO4 leaching system

Porvali, A, Chemyaev, A, Shukia, S, Lundstrom M.
to be submitted
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Tai’nable spent nickel-metal hydride batteriesand "~
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Liu, F, Peng, C, Porvali, A, Wang, Z, Wilson, BP, Lundstrom M.

2019 submitted and revised o _ _
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Recent Publications

Recycling

Real Battery Waste #Aalto

Selective extraction of lithium (Li) and preparation
of battery grade lithium carbonate (Li,CO;) from

spent Li-ion batteries in nitrate system
Peng C., Liu, F., Wang, F., J., Wilson B.P., Lundstrém M.

2019 in Journal of Power Sources, 415 (2019) 179-188
ttps://doi.org/10.1016/j.jpowsour.2019.01.072

Chemical Engineering
Technology

Lithium Recovery by Precipitation from Impure
Solutions — Lithium lon Battery Waste

Han, B., Porvali, A., Lundstrom, M., Louhi-Kultanen, M.
2018 in Chemical Engineering & Technology (WILEY)

mgmuncv Circulation of Sodium Sulfate Solution Produced

ExpLoRATION . . .
During NIMH Battery Waste Processing
Porvali, A., Agarwal, V., Lundstrém, M.,
2019 in Mining, Metallurgy & Exploration

On the Use of Statistical Entropy Analysis as
Assessment Parameter for the Comparison of
Lithium-lon Battery Recycling Processes

Porvali, A., Velazquez-Martinez, O., Porvali, A., van der Boogaatrt, K.G.,
Santasalo-Aarnio, A., Lundstrom, M. Reuter, M., Serna, R.,
== 2019 in Batteries (MDPI)

Recovery of Silver from Dilute Effluents via

Electrodeposition and Redox Replacement
Wang, Z., Halli, P., Hannula, P., Liu, F., Wilson, B.P., Yliniemi, K., Lundstrom, M.
2019 in Journal of the Electrochemical Society (ECS)
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£ waste
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L B recyeli
Leaching of Crushed NiMH Battery Waste ] L] recycling

]

Mechanical and hydrometallurgical processegdnss
HCI media for the recycling of valuable metal$
Li-ion battery waste

Porvali, A., Aaltonen, M., Ojanen, S., Velazquez-Martinez, O., Eronen, E., Liu, F.,
Wilson, B. P., Serna, R., Lundstrém, M.
2019 in Resources, Conservation & Recycling

Challenging the concept of electrochemical
discharge using salt solutions for lithium-ion
batteries recycling

Ojanen, S., Lundstrom, M., Santasalo-Aarnio, A., Serna Guerrero, R.,
2018 in WASTE MANAGEMENT (PERGAMON-ELSEVIER SCIENCE LTD)ISSN:

Distributions of lithium-ion and nickel-metal
hydride battery elements in copper converting

Tirronen, T., Sukhomlinov, D., O'Brien, H., Taskinen, P. & Lundstrom, M.
2017 in Journal of Cleaner Production. 168.

Lanthanide-alkali double sulfate precipitation from

strong sulfuric acid NiMH battery waste leachate
Porvali, A., Wilson, B. P., Lundstrom, M.

2018 in WASTE MANAGEMENT (PERGAMON-ELSEVIER SCIENCE LTD)ISSN:
0956-053X

Selective reductive leaching of cobalt and lithium
from industrially crushed waste Li-ion batteries in

sulfuric acid system.

Peng C., Hamuyuni J., Wilson B.P., Lundstréom M.

2018 in WASTE MANAGEMENT (PERGAMON-ELSEVIER SCIENCE LTD)ISSN:
0956-053X

Leaching of Metals from Spent Lithium-lon

Batteries
Aaltonen, M., Peng, C., Wilson, B.P., & Lundstrom, M.
2017 in Recycling (MDPI)



Q

BATCircle

&2

BATCircle in full speed

« The main objective of BATCircle consortium is to generate added value to sectors
manufacturing battery metals and chemicals, as well as their circular economy.

« BATCircle consortium aims at improving the manufacturing processes of mining
Industry, metals industry and battery chemicals, and to increase the recycling of
lithium-ion batteries.

 Its goal is to
« strengthen the cooperation between companies and research organisations
 to find new business opportunities
 Electrification of mobility creates massive challenges to the sustainable recycling of batteries
and minerals used in them. Business Finland wants to promote the development of know-
how and competitiveness of Finnish companies in the area where the business potential is

significant and future solutions are still to be discovered, says Director Jarmo Heinonen,
Business Finland
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VNN Conference 5th-6th November
BATClr/cIe Register now!
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INTERNATIONAL PROCESS METALLURGY SYMPOSIUM

Metallur
tool for
1N Cclrcu

Dipoli, Otakaari 24, 02150 Espoo, Finland

5th — 6th November, 2619
Aalto University, School of Chemical Engineering

Department of Chemical and Metallurgical Engineering
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http://ipms2019.aalto.fi/



