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Sustainable Chemistry Research Unit

FACTS (2021):
Staff: 53
3 Full professor, 5 adj. prof., 17 post docs
Degrees: 15-20 M.Sc., 3 Ph.D.
14 public research projects (BF, AF, EU 
funded)
Over 40 international publications, 3 
pending patents
Close company collaboration
Disciplines in material chemistry, physical 
chemistry and chemical engineering

RESEARCH FOCUS AREAS IN APPLIED CHEMISTRY (Scientific results during past years)
I. Lithium-ion battery chemicals (5 PhD, 6 PhD students, 20 M.Sc., publ.,)

Metals recovery, leaching, and co-precipitation 
II.     New inorganic water treatment chemicals (6 PhD, 6 PhD students, 10 M.Sc., 30 publ)
III. Inorganic catalysts in biomass conversion                        (5 PhD, 4 PhD students, 6 M.Sc., 15 publ.)
IV.    Carbon materials as catalysts and energy storage            (3 PhD, 3 M.Sc., 20 publ.)

www.oulu.fi/sustainablechemistry

Prof. Ulla Lassi, head of the Unit
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Oulu

Kokkola

Research unit of Sustainable 
chemistry

FACTS (2022):
Staff: 54
4 professors, 7 senior researchers, 17 post docs
Degrees: 15-20 M.Sc., 3 Ph.D.
14 public research projects (BF, AF, EU funded)
Over 60 international publications
5 pending patents/invention disclosures
Close company collaboration

Kokkola Industrial Park (KIP), www.kip.fi, the largest hub of
inorganic chemical industry in Northern Europe. Close
research collaboration with the university.

www.oulu.fi/sustainablechemistry

http://www.kip.fi/
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©Keliber Oy

BIOPOLTTOAINEET 

FOSSIILISTEN 

POLTTONESTEIDEN 

KORVAAJINA

(biobensiini, 

biodiesel,

uusiutuva diesel)

POLTTOKENNOLLA 

VARUSTETUT 

VETYAUTOT 

LITIUMIONIAKULLA 

VARUSTETUT 

SÄHKÖAUTOT 

HYBRIDIAJONEUVOT

(kaksi vaihtoehtoista

energialähdettä)

KAASUAUTOT 

(maakaasu, biokaasu)

Prof. Ulla Lassi, soveltava kemia

Oulun yliopisto, Kokkolan yliopistokeskus Chydenius, 28.9.2018
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2008-2015

2015-2021

Methane pyrolysis to hydrogen and 
carbon

Carbon applications (activated carbon, 
carbon foams, carbon catalysis) 

Carbon use in batteries

Hydrogen reduction (with MET)

2022-

Improved material efficiency for 
methane pyrolysis (use of secondary 
materials)

Hydrogen reduction in metallurgical 
industry (with MET)

Methane pyrolysis to hydrogen and 
carbon

Carbon applications (activated carbon, 

FT synthesis
Catalytic conversion of biomass-derived 
synthesis gas to olefins/FT diesel

Collaboration with LTU & NTNU

PhD thesis Romar 2015
PhD thesis Tuomikoski 2014

Hydrogen roadmap – Sustainable chemistry

PhD thesis Bergna 2019
PhD thesis Kupila 2021
PhD thesis Varila 2020



University of Oulu

Katalyyttinen 
metaanipyrolyysi
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(Bio)methane pyrolysis (in 
the presence of catalyst)

TRL3 -> TRL7
Several innovations behind 
this:

1) Use of CO2/CO free 
technology

2) Catalyst 

3) Reactor set-up

4) Solid carbon for 
energy storage 
applications
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Carbon nanotubes (CNT)

Carbon nanofibers (CNF)

Amorphous carbon → activated carbon

Graphite 
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Activated carbonActivated carbon

CNT, CNFCNT, CNF

 Battery industry
 Electric vehicles 

(supercapacitors)
 Catalysts

 Battery industry
 Lightweight materials for 

automotive and aerospace 
industry  Water treatment

 Pharmaceutical purification
 Industrial applications

Sustainable Carbon as a secondary product supplementing the sales
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Energianvarastointi 
(akut) osana vihreää 
siirtymää
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Akkuarvoketju
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https://www.orovel.net/insights/li-on-battery-gigafactories-in-
europe-june-2021
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Overview of research competence and activities in the 
field of batteries (University of Oulu) 

Improved characterization tools for solid precursors 
and electrodes

Improved lithiation processes for high-nickel NMCs, precursor 
effect on lithiation, role of washing, wet/dry lithiation

Co-precipitation of high-nickel precursors or lithium-rich 
cathodes

Sustainable pouch cell assembling
-new approaches to material-efficient coating
-use of greener solvents, additives and binders

Use of secondary material flows in co-precipitation, 
role of impurities, reuse of sodium sulphate

Prof. Ulla Lassi
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Kiertotalous osana 
vihreää siirtymää



Oulun yliopisto7.10.2023 Lisää tarvittaessa alatunnisteteksti

ALKALIPARISTOJEN KIERRÄTYS – TEOLLINEN PROSESSI

http://www.tracegrow.com/en/welcome

Business Finland – ADCHEM 2016-2018

https://www.paristokierratys.fi/blog/2021/01/20/kaytetyista-
paristoista-kierratettiin-luomuviljelyyn-sopiva-lannoite/
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TEOLLISEN SIVUTUOTTEEN HYÖDYNTÄMINEN 
AKKUKEMIKAALEIKSI

Kauppinen, T; Vielma, T; Salminen, J; Lassi, U (2020) 

ChemEngineering 4 (2), 40. https://doi.org/10.3390/chemengineering4020040 

Effect of S/L on manganese concentration at 60 °C.

https://www.boliden.com/sustainability/case-studies/purification-of-manganese-
from-anode-sludge-at-kokkola

Jantunen, N.; Kauppinen, T; 

Salminen, J; Virolainen S; 

Lassi, U; Sainio T (2021) 

Minerals Engineering 173, 

107200.

https://www.boliden.com/sustainability/case-studies/purification-of-manganese-from-anode-sludge-at-kokkola
https://www.boliden.com/sustainability/case-studies/purification-of-manganese-from-anode-sludge-at-kokkola
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Ovatko akut 
vihreää 
teknologiaa?
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XRD, SEM
Half cells, Li/Li(Ni0,5Co0,2Mn0,3)O2 

Pouch cells Li(NixCoyMnz)O2/graphite 

XRD, SEM
Half cells, Li/Li(Ni0,5Co0,2Mn0,3)O2 

Pouch cells Li(NixCoyMnz)O2/graphite 

Li2CO3 / Al(OH)3  Li2CO3 / Al(OH)3  

Wet grinding
Variable: Grinding 

time
 

Wet grinding
Variable: Grinding 

time
 

Mixing
Different Li/Metal ratios

Mixing
Different Li/Metal ratios

NixCoyMnz(OH)2NixCoyMnz(OH)2

Synthesis (high temperature)
Different times, atmospheres and 

temperatures applied

Synthesis (high temperature)
Different times, atmospheres and 

temperatures applied

Grinding and sieving 
Screen underflow below 44 µm

Grinding and sieving 
Screen underflow below 44 µm

RESEARCH OF NCM CATHODE MATERIALS

Lithium mixed metal oxides Li(NixCoyMe1-x-y)O2

Solid-state synthesis of 

Li(NixCoyMe1-x-y)O2 or lithium-

rich compounds

Position [°2θ] (Copper (Cu))

10 20 30 40 50 60 70 80

Counts

0

10000

20000

 LNCMO-7_1h

LiNixCoyAlzO2

Researchers Pekka Tynjälä, Tao Hu, Marianna Hietaniemi, Yan Lin, Petteri Laine, Juho Välikangas, Eva Bozo, 
Toni Kauppinen, Palanivel Molayian, Immo Kervinen, Eeki Airola et al.

360/40 mAh pouch cells

Co-precipitation Lithiation Cell assembling
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Kuinka parantaa kestävyyttä 
akkukemikaalien valmistuksessa?

• Vähennetään riippuvuutta kriittisistä 
raaka-aineista (Co, grafiitti)

• Ratkaistaan haasteet liittyen 
muodostuvan nasun käsittelyyn

• Parannetaan partikkelien morfologiaa 
(tehokkaampi litioituminen)

• Lisätään kierrätysraaka-aineiden osuutta
Noh et al. J. Power Sources. 
233. 2013. 121-130

U Lassi, P Tynjälä, T Kauppinen (2022) Industrial solution for sodium
sulphate, patent application
T Tuovinen, P Tynjälä, T Vielma, U Lassi (2021) Utilization of waste
sodium sulfate from battery chemical production in neutral electrolytic
pickling, Journal of Cleaner Production 324, 129237
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LN(M)O -katodi

XRD pattern of LNMO samples with 
different water concentration during sol-
gel process.
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LiNi0,5Mn1,5O4 Ref. code#04-002-3762
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Yan, Lin:,Välikangas, Juho; Tynjälä, Pekka; Hu, Tao; Lassi, Ulla (2022) Synthesis
of high-voltage LNMO for LIBs, manuscript.
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Kestävyys akkukennojen valmistuksessa
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Energiatarve akkukennojen 
valmistuksessa
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Mitä tämä tarkoittaa (Tesla S)?

‒ Akkukapasiteetti 103 kWh

‒ Tähän kennostoon tarvitaan

noin 100 litraa liuotinta

-  Liuotin (tyypillisesti NMP) on 
toksista ja se tulee ottaa talteenottaa

- Energian tarve tähän 5-6.5 MWh

- Voisiko tämän tehdä paremmin?
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• Korvataan haitallisia liuottimia, tarvitaan vähemmän kuivausenergiaa kennon 
valmistuksessa

• Korvataan halogeeniyhdisteitä (sideaineet, elektrolyyttisuola)

• Käytetään painotekniikkaa valmistuksessa

Miten viedään kestävyys osaksi kennonvalmistusta?

Sliz, Molayian, Fabritius, Lassi 
(2022) Printed electronics to accelerate 
solid-state battery development, 
https://doi.org/10.1088/2632-959X/ac5d8e 
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Key enablers for high volume fabrication:

- Screen printing is one of the most suitable for 
battery fabrication.

- Printing method has to be roll-to-roll (R2R) 
compatible to enable efficient up-scaling.

29

Kennon valmistus 
R2R

R2R Printing is energy and material efficient 
approach for high volume production

Anode material

Solid electrolyte

Cathode 
material

Current collector 
(typically a metal foil)

Substrate

Screen with 
printing pattern

Frame

Squeezee

Moving 
direction of 
the web

Moving direction of screen

Screen printing of battery layers:

Repeatition of the process

Screen with 
printing pattern

Squeezee inside 
the cylinder

Anode ink

Cathode ink

Electrolyte 
ink

Ink

Current collector 
(typically a metal foil)

Encapsulant

All functional layers 
of batteries are 
printable

Prof. Tapio Fabritius ja Prof. Ulla Lassi
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Eroon toksisista 
liuottimista…

Sliz, R., Valikangas, J., Silva Santos, H., ...Lassi, U., Fabritius, T. (2022) Suitable cathode NMP
replacement for efficient sustainable printed Li-ion batteries, ACS Applied Energy Materials 5(4),
pp. 4047–4058, https://doi.org/10.1021/acsaem.1c02923

https://www.scopus.com/authid/detail.uri?authorId=7801618337
https://www.scopus.com/authid/detail.uri?authorId=56974323200
https://www.scopus.com/authid/detail.uri?authorId=57571107200
https://www.scopus.com/authid/detail.uri?authorId=55918319600
https://www.scopus.com/authid/detail.uri?authorId=12791370600
https://doi.org/10.1021/acsaem.1c02923
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Tulevaisuuden akkukemiat

Cavers, H., Molayian, P., Abdollahifar, M., Lassi, U., Kwade, A. (2022) Perspectives on Improving the Safety and 
Sustainability of High Voltage Lithium-Ion Batteries Through the Electrolyte and Separator Region, Advanced 
Energy Materials, 10.1002/aenm.202200147
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Kiitos mielenkiinnostanne!

Prof. Ulla Lassi. University of Oulu
Kokkola University Consortium Chydenius
eMail: ulla.lassi@oulu.fi. 
tel: +358 400 294 090

Prof. Tapio Fabritius
Asst Prof Rafal Sliz
Dr., Ass prof Pekka Tynjälä
Dr. Ass prof Tao Hu
Dr. Palanivel Molayian
Researchers Juho Välikangas, Marianna 
Hietaniemi, Petteri Laine, Yan Lin, etc.

Funding for BF/BATCircle2.0, EU/BATTValue, 
SolBat, PASS projects

AND COMPANIES INVOLVED!

mailto:ulla.lassi@oulu.fi
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