
LECTURE SCHEDULE

Date Topic

1. Wed 06.09. Course Introduction & Short Review on Elements & Periodic Table
2. Fri 08.09. Short Survey of Main Group Elements
3. Mon 11.09. Zn + Ti, Zr, Hf & Atomic Layer Deposition (ALD)
4. Wed 13.09. Transition Metals: General Aspects & Pigments
5. Fri 15.09. Redox Chemistry
6. Mon 18.09. Crystal Field Theory (Linda Sederholm)
7. Wed 20.09. V, Nb, Ta & Perovskites & Metal Complexes & MOFs & MLD
8. Mon 25.09. Cr, Mo, W & 2D materials & Mxenes & Layer-Engineering
9.     Wed 27.09. Mn, Fe, Co, Ni, Cu & Magnetism

10. Fri 29.09. Cu & Superconductivity
11. Mon 02.10. Ag, Au, Pt, Pd & Catalysis (Antti Karttunen)
12. Wed 04.10. Lanthanoids + Actinoids & Luminescence
13.    Fri 06.10. Resources of Elements & Rare/Critical Elements & Element Substitutions
14.    Fri 13.10. Inorganic Materials Chemistry Research

EXAM:  Tuesday Oct. 17, 9:00-12:00 in Ke2

Mon  (Ke3)  12.15 – 14.00
Wed  (Ke2)  10.15 – 12.00
Fri     (Ke5)  10.15 – 12.00



PRESENTATION TOPICS/SCHEDULE

Mon 25.09. Mo: Maryam Jafarishiad & Saara Siekkinen

Wed 27.09. Mn: Naomi Lyle & Sanni Ilmaranta
Ru: Miklos Nemeszeghy & Timo de Jonge

Fri 29.09. Cu: Koshila Hiruni & Kaushalya Poonanoo

Wed 04.10. Eu: Binglu Wang & Mari Heikkinen
Nd: Patrich Wiesenfeldt & Tomoki Nakayama
U: Miikka Viirto & Ashish Singh

Fri 06.10. Co: Gabrielle Laurent & Yan Zheng
In: Sonja Alasaukko-oja & Katri Haapalinna
Te: Sofia Rantala & Roger Peltonen



QUESTIONS: Lecture 13

Select two examples of EU critical elements, and describe in each
case why the element is critical, and how you think would be the
best way to mitigate the criticality.



WHAT MAKES US CALL ELEMENTS RARE
 Absolute abundance ?

 Accessible resources (distribution, technical skills, etc.) ?

 Availability (politics, etc.) ?

WHAT MAKES US CALL ELEMENTS CRITICAL
 Essential to human health ?

 Needed to make crucial/desired devices ?

 Needed to generate/store energy ?

 Needed but not readily available ?



Elements in Earth crust

Even
ABSOLUTE
ABUNDANCE
is not fully evident

Elements in Solar system

https://en.wikipedia.org/wiki/File:Elemental_abundances.svg


ACCESSIBLE RESOURCES
 Distribution of the elements
 Mineral variety
 Mining/separation technologies
 Mponeng gold mine in South Africa is the

deepest mine in the world at a depth of ca. 4 km

http://www.wsj.com/articles/SB10001424052702304854804579236640793042718


The Price !

London metal exchange

New York metal exchange

Price: affected by the rarity but also by fashion, speculation, politics, …

https://pubs.geoscienceworld.org/msa/elements/article/11/5/305/137642/geological-and-economic-significance-of-supergene


CRITICAL for Health & Wellbeing

Supplement industry is huge business



CRITICAL as MEDICINE

Cis-Pt complex for cancer

Li2CO3 for depression
Au for RA
(Rheumatoid Arthritis)

Medicines are based not only on organics but on a much wider variety of elements

Iodine for thyroid hormones



CRITICAL
for
Modern Devices



EU: Critical Raw Materials
 2011: 14 CRMs
 2014: 20 CRMs
 2017: 27 CRMs
 2020: 30 CRMs

https://rmis.jrc.ec.europa.eu/?page=crm-list-2020-e294f6

https://www.google.fi/url?sa=i&url=https%3A%2F%2Fwww.metals-hub.com%2Fes%2Fblog%2Fcritical-raw-materials-what-are-they%2F&psig=AOvVaw0WrlMNJ8m4iWOOJvslqUJ_&ust=1634320001669000&source=images&cd=vfe&ved=0CAYQjRxqFwoTCJC-gcu6yvMCFQAAAAAdAAAAABAT




WHICH COUNTRIES PRODUCE THE CRM METALS (2020) ?

https://www.google.fi/url?sa=i&url=https%3A%2F%2Fwww.eea.europa.eu%2Fdata-and-maps%2Ffigures%2Fcontribution-of-primary-global-suppliers&psig=AOvVaw0ss8gGZJLsRaKXxVtcGTqp&ust=1611080330625000&source=images&cd=vfe&ved=0CAIQjRxqGAoTCIDP_YmMpu4CFQAAAAAdAAAAABCpAQ


FROM WHICH COUNTRIES THE CRITICAL ELEMENTS/RAW MATERIALS
COME TO EU CURRENTLY ?







MATERIALS for ENERGY
TURBINES: production of electricity from hydro, tidal, nuclear & fossil fuels
• REs (= Ln) for magnets
• (Cu), Ag, Au for wires
FUEL CELLS
• PEM: Pt, Pd; SOFC: Ni, Co, Ga, Ln
PHOTOVOLTAICS
• In, Ga, etc. …
THERMOELECTRICS
• Bi, Te, Se, Co, etc.
BATTERIES
• Li, Co



ECE: Energy Critical Elements (by APS & MRS)



WHAT SHOULD WE DO ?
Re-use & Re-cycle
Substitute critical by non-critical



TRANSPARENT CONDUCTING OXIDES (TCOs)
• ITO (In-Sn-O) is the current commercial leader,

but the waste recovery is very much limited
• F-doped SnO2 is a good candidate
• Al-doped ZnO would be a highly sustainable replacement



Strongest permanent magnets: Nd2Fe14B & SmCo5

“Non-Critical” ALTERNATIVES – Are there such ?
 REQUIREMENTS: Curie temperature, Magnetization, Coersivity

 AlNiCo: “best of the rest”

 ɛ-Fe2O3 (difficult synthesis)

 Electromagnets

https://www.google.com/url?sa=i&url=http%3A%2F%2Fhyperphysics.phy-astr.gsu.edu%2Fhbase%2FSolids%2Fhyst.html&psig=AOvVaw3w3PZAI18JeF1N_SHJraOK&ust=1633878008476000&source=images&cd=vfe&ved=0CAYQjRxqFwoTCOic44TMvfMCFQAAAAAdAAAAABAI


Li-ion battery
Cathode: LiCoO2



PRESENT Li-ion battery MATERIAL VARIETY
(under intense research)

CATHODE LiCoO2
Li(Co,Ni,Mn)O2 (raw mat., perfor.), LiMn2O4, LiFePO4 (safety)

ANODE Graphite
Silicon (energy density), Li4Ti5O12 (safety)

ELECTRO- LiPF6 + ethylene carbonate solution
LYTE Solid electrolytes (safety)

LiCoO2 Graphite

Liquid electrolyte



In 2030 one third of cars
will be electric !

How much
metals needed in
600 kg battery:
• 8 kg Li
• 7 kg Co
• 50 kg Ni



Cobolt mining place in Congo close
to Kasulo. Valokuvat: Siddharth Kara

60 % of cobalt in
the world is mined
in Republic of Congo

https://www.theguardian.com/global-development/2018/oct/12/phone-misery-children-congo-cobalt-mines-drc


Battery Minerals in FINLAND

 Mining:  Ni, Cu, Co
 Refining: Co (13 %), Ni, Cu
 Planned mining/refining:

Li, Co (→ 2-4 %)

“Ethical Cobalt/Metals”



Flexible safe “metal-sparing” Li-organic battery

ALD/MLD
(atomic/molecular layer deposition)

M. Nisula, Y. Shindo, H. Koga & M. Karppinen, Chem. Mater. 27, 6987 (2015).
M. Nisula & M. Karppinen, Nano Lett. 16, 1276 (2016).

M. Nisula & M. Karppinen, J. Mater. Chem. A 6, 7027 (2018).

http://www.techweekeurope.co.uk/workspace/battery-powered-clothing-to-charge-mobile-devices-58985
http://www.google.fi/imgres?imgurl=http://www.strata-gee.com/wp-content/uploads/2012/06/Corning_Flexible_Bend.jpg&imgrefurl=http://www.strata-gee.com/new-corning-glass-is-so-thin-its-flexible-will-drive-new-ce-products-by-2013/&h=540&w=540&tbnid=B7cYWgg-JeMzMM:&zoom=1&docid=rZNtKQ8UIYXvKM&ei=JBZuVdi4JMm9swGJmoAo&tbm=isch&ved=0CGsQMyhEMEQ
https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjX0ZHu47LlAhV-wsQBHU4ABQYQjRx6BAgBEAQ&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FAalto_University_School_of_Engineering&psig=AOvVaw1OUrdgwtDXkkS3TigVUqSj&ust=1571933790339467

