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THE PERIODIC TABLE OF THE ELEMENTS

Periodic Table of the Elements
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Why do we need a
"new " periodic table?

We already have one!

2019

International Year of
the Periodic Table
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THE EUCHEMS TABLE (2019 VERSION)
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UPDATING THE TABLE VIA SCIENTIFIC DISCUSSION

April 22, 2021
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THE CARBON ELEMENT

Key towards a sustainable society
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April 26, 2022

WEBINAR
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THE NITROGEN ELEMENT
Sustainable food production?
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THE LITHIUM ELEMENT

Enabler of the Energy Transition
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The role of Chemicals in our daily life:

THE PHOSPHORUS ELEMENT
Feeding the world an_d beyond
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THE LATEST VERSION, 2022

The 90 natural elements that make up everything
How much is there? Is that enough? Is it sustainable?

Serious Rising threat Limited . Plentiful D Synthetic . From conflict U Elements
threat in the from availability, Supply resources used ina
next 100 years increased use future risk to smart phone

supply

Read Support Notes and play the video game http://bit.ly/euchems-pt
&: EuChemS$S

Edition 3 (2023) @OIOI This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND European Chemical Society

Nicola Armaroli, CNR, Bologna (Italy) — The Phosphorus Element — May 25, 2023 @‘ EuChemsS

European Chemical Society



THE THREE COLORS OF CARBON

Plentiful supply
GREEN

Serious (double) threat

in the next 100 years
RED

From conflict resources
GREY
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LITHIUM: FROM YELLOW TO ORANGE

December 1, 2022

MORNING SESSION
10:00 to 12:00 CET

- Welcome

Floris Rutjes, EuChemS President

- MEP Speech

MEP Speaker

- Developments of the EuChemS$S
periodic table

David Cole-Hamilton, University of St.
Andrews

- Lithium: reserves, resources and
geopolitical issues

Fernando Rocha, University of Aveiro
10 MIN BREAK

- Lithium-ion batteries in the
automotive sector

Kristina Edstrom, University of Uppsala
- Lithium batteries and the stationary
applications

Luigi Lanuzza, Enel X

- Panel discussion

led by Katharine Sanderson, Science

Journalist and Editor

AFTERNOON SESSION
13:30 to 16:30 CET

- Alternatives to Lithium-ion batteries
Philipp Adelhelm, Humboldt-University of
Berlin

- Recycling Lithium-ion batteries

Paul Anderson, University of Manchester

- Lithium in ceramics

John C. Cochran, Corning Inc., Lexington, KY,
USA

10 MIN BREAK

- The role of Europe in the expanding
battery industry

Speaker from EC

- Panel discussion

led by Nicola Armaroli, CNR/EuChemS

- Closing

Floris Rutjes, EuChemS President

The 90 natural elements that make up everything
How much is there? Is that enough? Is it sustainable?

Edition 3 (2023)
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resources

Read Support Notes and play the video game http://bit.ly/euchems-pt
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THE RISING RELEVANCE OF LITHIUM

"For their contributions to the development of the
lithium-ion battery (LIBs)"

Among the most disruptive
enabling technologies ever

!

SMARTPHONES
ELECTRIC VEHICLES
PORTABLE DEVICES
HOME APPLIANCES

Ill. Niklas EImehed. © Nobel [ll. Niklas EImehed. © Nobel lll. Niklas EImehed. © Nobel

Media. Media. Media.
John B. Goodenough M. Stanley Akira Yoshino
Prize share: 1/3 Whittingham Prize share: 1/3

Prize share: 1/3
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LITHIUM AND DECARBONIZATION

E
Electric vehicles Storage of intermittent renewables
VIRTUALLY VIABLE ALTERNATIVES
NO ALTERNATIVES CLOSE TO COMMERCIALIZATION
TO LIBs SO FAR (sodium and flow batteries)
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LITHIUM: RESOURCES AND RESERVES

Estimated RESOURCES 2013: 23 Mton
Estimated RESOURCES 2023: 98 Mton

From rocks Current RESERVES: 26 Mton
(Australia)
e ‘ 8 kg/car

——— - - e———

=l S e

BEVs that can be made
3.2 billions (today 1.4)

DOABLE? HOW?

, It depends from several factors...
From brines

(South America)

Data from US Geological Survey
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BATTERIES: THINGS EVOLVE

50 kWh 50 kWh
Ni-Mn-Co 523 | Lithium Iron Phosphate

Lithium
Cobalt 9,5 /
Nickel 23,5 /
Graphite 44,0 59,4
Manganese 13,5 /
Copper 17,0 23,2
Aluminum 29,0 39,4
N ; lron / 37,3
50 kWh (LFP) ¢ Phosphorus > / 20,7
TOTALE 142,0 208,1
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THE ONGOING STEP: NITROGEN AND PHOSPHORUS

The 90 natural elements that make up everything

How much is there? Is that enough? Is that sustainable?
NITROGEN

— PHOSPHORUS

Key elements
for fertilizers

$

imited i Synthetic From confli Elements
availability, i used in a
future risk to
pppppp FOOD
Read Support Notes and play the Video Game (Elemental Escapades! A Periodic Table Adventure)
at http://bit.ly/euchems-pt P RO D U < | | O N

Edition 2 (2021) This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND S;Eﬂgl?;?etsy
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NITROGEN: PLENTIFUL AND ... IMPACTFUL

The Earth atmosphere contains
about 4000 trillion tons of N.
Virtually unlimited supply

To do what?
HaberBosch POPULATION OF THE EARTH
Process Number of people living worldwide since 1700 in billions 2048: 9 bin

Synthesis of
‘ N H 3 SOMETHING HAPPENED

ammonia
AROUND HERE

1804: \

1bln

1.5 % of annual global

greenhouse gas emission

1700 1800

Source: United Nations World Population Prospects, Deutsche Stiftung Weltbevélkerung
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PHOSPHORUS: AN INCREASINGLY EXPLOITED ELEMENT

Historical Sources of Phosphorus Fertilizer
35 7
Green Revolution Fueled By Phosphorus Rock
30 { 6
Liebig discovers Human excreta, a rich source of

= 25 role of Phosphorus || phosphorus, have been used by 5 —g
S in crop vields Chinese for 5000 years z
2 20 a 2
n °
3 US Guano Islands \ 3
.g 15 Act encourages 3 &8
_§ Malthus dies Amencaqs to find _'é
a 10 \ — islands with Guano 2 5

5 1

0 0

1800 1850 1900 1950 2000
B Manure B Guano B Human Excreta i Phosphorus Rock Global Population (right axis)

Guano islands

NOT ONLY FERTILIZERS
Steel, water treatments, batteries, food additives, pesticides, flame retardants, ...
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N AND P: ENVIRONMENTAL IMPACT

N and P runoff in the Gulf of Mexico
from agriculture, industry, urbanization

Dead Zones
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N.P OVERUSE IS RELEVANT FOR THE BIOSPHERE

Climate change

Status of the 9 planetary boundaries
(European Environment Agency)

Novel entities

https://www.eea.europa.eu/soer/2020/so
sostphrtc er-2020-visuals/status-of-the-nine-
planetary-boundaries/view

Atmospheric aeroso |

= q LINEAR
(’ Phosphorus ) { > A P P ROAC H

S TO RESOURCE USE

N-—_’

B Beyond zone of uncertainty (high risk) Below boundary (safe)
In zone o f uncer tainty (increas ing risk) Boundary not yet quantified
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PROMOTING A CIRCULAR PERSPECTIVE

The 90 natural elements that make up everything
How much is there? Is that enough? Is that sustainable?

Cd

c_/ v
Il &

=Rl
RAW MATERIALS DESIGN

‘ PRODUCTION,
REMANUFACTURING

RECYCLING

CIRCULAR ECONOMY

LN ]
DISTRIBUTION

RESIDUAL
WASTE
Serious Rising threat Limited Plentiful D Synthetic . From conflict Elements
threat in the from availability, Supply minerals usedina
next 100 years increased use future risk to smart phone
supply

Read Support Notes and play the Video Game (Elemental Escapades! A Periodic Table Adventure)
at http://bit.ly/euchems-pt
& EuChems$S

Edition 2 (2021) This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND European Chemical Society R

Nicola Armaroli, CNR, Bologna (Italy) — The Phosphorus Element — May 25, 2023 @‘ EuChemS

European Chemical Society



EU RECYCLING RATES (METALS)

We need to perform better!

H B > 50% He
> 25-50% 1%
> 10-25% C N 0 F Ne
1-10% 1%

Na | Mg B <1 Al s | al a

13% 12% 17% | 5%
Ca Ti v cc | Mn | Fe | co | Ni | cu | Zn Ge Se | Br Kr
19% | 44% | 219% | 1296 | 319% | 35% | 34% | 17% | 31% 2% 1%
Rb Sr Y Zr Mo Tc Ru Rh Pd cd sn sb | Te I Xe
31% 30% 119% | 9% [ 9% 326 | 28% | 1%
Cs Ba | Hf | Ta w Re Os Ir Pt Hg Bi Po At Rn
19 |Lalu’]l 106 | 196 | 4206 | 50% 14% | 1 1%
Fr Ra Rf Db Sa Bh Hs Mt Ds Ra cn Uup Lv Uus | Uuo
Ac-Lr?
1 _ La | ce | Pr [ Nd | Pm | Sm | Eu | Gd | TO Ho Tm | Yo |
Group of Lanthanide | jo5 | 195 | 10% | 1% 19 | 38% | 1% | 22% 1% 1% | 1% [ 1%

Raw Materials Scoreboard,

The European Commission,
2018

Nicola Armaroli, CNR, Bologna (Italy) — The Phosphorus Element — May 25, 2023

&: EuChemS

European Chemical Society



MINERAL RESOURCES ARE CONCENTRATED

RARE
EARTHS

CARBON
(oil&gas)

LITHIUM PHOSPHORUS

NO ALTERNATIVE TO INTERNATIONAL COOPERATION
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DISCUSSION ONGOING IN EUCHEMS:
SHOULD WE ADD A COLOR TO N (AND C AND P)?

The 90 natural elements that make up everything
How much is there? Is that enough? Is it sustainable?

Serious current
problems

through overuse

sis' published in Chemistry, 1976, 49, 17-18"

P is also a candidate
The today discussion
B W | D will be key to our

| | future decision

Read more and play the video game http://bit.ly/euchems-pt
€. EuChemS

edition 2 (2021) This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND European Chemical Society
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EEA Report | No 11/2019

Paving the way for a circular economy:
insights on status and potentials
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The 90 natural elements that make up everything
How much is there? Is that enough?
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REFUBLIC OF HORTH MACE
2019

() Listen now

THE EUCHEMS PT HAS AN IMPACT

Ehe New Hork Eimes

Is It Time to Upend the Periodic Table?

The iconic chart of elements has served chemistry well for 150
years. But it's not the only option out there, and scientists are
pushing its limits.

THE INTERNATIONAL YEAR OF THE PERIODIC TABLE 2019, YPT2019

The Table does not lie - 150 Years
of the Periodic Table of Chemical
Elements by Mendeleev

The Israel Association of Chemical Engineers and
Chenmists celebrated the basics of Chemistry on

the 5™of March 2019, Tuesday, Engineering House,
Dizengoff 200, Tel Aviv. The Periodic Table is much
more than arranging and organizing of chemical
elements. It holds a great knowledge and aliows us
to predict the behavior of these elements and those
that have not yet been discovered. In & one-time
event with leading lecturers in the field, we talked
about everything you have not known about the
Periodic Table, the contribution to the development
of sciences and society, selected elements and their
expression in the industry and the introduction of
the four new elements (113, 115, 117 and 118) added
to the Periodic Table in 2016.

ITALY

| High School text books

The EuChem Periodic Table of Scarcity is included
in a chapter of two text books for ltalian high
schools. Thereby causing tens of thousands of
students to become familiar with this information.

50 lmen i el rodporis et el Tora 1 40,

On October 18, a one day symposium was held in
Rome, entitle: “The symphony of the elements”, in
which also life and work of Primo Levi (born 100
years ago) was discussed.

Details are still at: https://wws.chimicifisici.t/up-
content/uploads/2019/10/SINFONIA-ELEMENTI-
programma-ENGLISH.pdf
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OUR SCIENTIFIC DISCUSSION WILL CONTINUE

Ra re E a rt h S d TheH90 nat:r.a:hele:?c::t: thatthaI;e :Jp fv'erl):lﬂ:ing
Hy rog en ow much Is there? Is that enougn? Is that sustainaole?

Helium Cobalt

Platinum Group
Elements

° . Serious l:‘ Rising threat D Limited . Plentiful D Synthetic . From conflict D Elements
threat in the from availability, Supply minerals used in a
next 100 years increased use future risk to smart phone
supply

Read Support Notes and play the Video Game (Elemental Escapades! A Periodic Table Adventure)

at http://bit.ly/euchems-pt
€. EuChemS

Edition 2 (2021) This work is licensed under the Creative Commons Attribution-NoDerivs CC-BY-ND European Chemical Society
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THE EUCHEMS TASK GROUP ON THE PT

D. Cole-Hamilton, UK C. Coperet, CH M. Menche, DE E. Hey-Hawkins, DE

Thank
you!

R. Po|| FR F. Rutjes, NL N, Hrastelj (Sec. General)
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