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ICFIMCHJL —

- Centro internacional de materiales avanzados y materias primas
y International center for advanced materials and raw materials

= Advanced materials and nanomaterials preparation and characterization

» Materials design, testing and integrated computational engineering including
multiscale modelling

= Energy storage and conversion

= Sustainability and natural resources

= Circular economy and raw materials (including LCA/LCC)

= Additive manufacturing (AM)
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HYPERLOOP  ==="""""

traveels at speeds of more

than 1200 KM/H Hyperioon cn

p\ der be bullt in India in
inside a ONTH

LI vacuum tube SO MONTHS
) B g - | Globally, 800 ENGINEERS

: e Vacuum working on the Hyperioop, of

twbe has which 25 ARE FROM INDIA

an area
of LOW
PRESSURE
INSIDE IT

It uses power from | These tubes stand
RENEWABLE ENERGY = on pylons that
sources like solar energy, can WITHSTAND
regenerative braong & wind power ] quakes & crashes

Quest for the “hyperloop”

Makers say it will be clean, fast and safe

Compreszor sucks air Enclozed tube in ultra-low pressure
e 7S T . inimise s resist .
: The Hyperloop uses a linear induchion motoc 1o accelerase asd " to pull pod forward O minimise Sw resisrance
decelerate the capsule. This provides several important
benelits over i permanent magnet motor

&

* Braking ensrgy
Magnetic lewtation Is used to recharge
system powers pods battaries

Potential speed
700 mph Lo 35 minutes San

(1,126.34 kph) Angeles Francisco
:m‘ M COORCA L - AEP
Yt bt

ICAMCYL

B i

\
..

ICAMCYL Contact: Santiago Cuesta director.general@icamcyl.com +34 661



b

iy :
RSERNF Energetic Particles
Solar Particle Bventsor

Radiation damage, satellites . -
and deep space exploratien
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Q The turbine disk and blades are

| routinely exposed to temperatures and
gases that exceed 700°C, which may
i induce corrosion. Even corrosion
== defects as small as 5-10 microns can

<A initiate fatigue cracking.

oy <4
oy

Problem: Hot-stage turbine disks now If we develop materials with relatively
operate at sufficiently high temperatures high expansion, damage tolerance,
that hot corrosion and oxidation can initiate | gnd oxidation/corrosion resistance —
premature fatigue failure in these we will find promise for protecting
components. turbine components operating in high-

temperature corrosive environments.
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THE FUTURE FOR MATERIALS UNDER EXTREME CONDITIONS RELIES
ON HIGH TEMPERATURE STABLE NANOCRYSTALLINE ALLOYS

How high temperature
stable nanocrystalline
alloys will revolutionize
turbine engine technology

N
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The Heat
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NATURE | LETTER
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Extreme creep resistance in a microstructurally
stable nanocrystalline alloy

K. A. Darling, M. Rajagopalan, M. Komarasamy, M. A. Bhatia, B. C. Hornbuckle, R. S. Mishra
& K. N. Solanki

Affiliations | Contributions | Corresponding author

Nature 537, 378-381 (15 September 2016) | doi:10.1038/nature19313
Received 04 May 2016 | Accepted 08 July 2016 | Published online 14 September 2016
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Advanced materials are strategic to Europe to
address competitiveness & societal challenges

Advanced materials is a key enabling technology (KET) for EU

= Contributing to economic growth & employment in EU through innovative products
= Strengthening & dynamizing existing European value chains (often at their basis)

= Creating new jobs and competitiveness by enabling follow-through applications

= Enabling development of products & solutions to address societal challenges
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Advanced materials are strategic to Europe to
address competitiveness & societal challenges

Advanced materials is a key enabling technology (KET) for EU

= Contributing to economic growth & employment in EU through innovative products
= Strengthening & dynamizing existing European value chains (often at their basis)

= Creating new jobs and competitiveness by enabling follow-through applications

= Enabling development of products & solutions to address societal challenges
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De-carbonisation of transport

e — Qué ocurre si la base de la cadena depende de
la disponibilidad de materias primas?
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Automotive sector
“REE : a huge concern for the auto manufacturing sector “

Gla-ss .and Mirrors UV cut glass Car body primers
polishing powder e Cerium and anti-corrosive
e Cerium / coatings

e Yitrium

Diesel Fuel

Numerous
Additive

e Cerium & B I , 5222212 REE inside
- — - YSz

Catalytic

Converter
e Ce/Zr
ela -

Rare Earth phosphors

t

and
filters are used in 25+ Electric Motors
automotive headlights to Throughout vehicle

reduce glare
* Neodymium

* Nd Magnets

Multiple components and subsystems that use rare earths include:
» NiMH batteries: lanthanum
* Electric motors and regenerative braking: neodymium, praseodymium,
dysprosium, terbium;
 Exhaust catalysts: cerium and lanthanum,;
* Glass : cerium
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TECHNOLOGY RELIES ON
ICAL RAW MAT’ERlALs
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FIGHT FOR RARE EARTH

CRMs are a clear world-wide problem ...
Rare Earths “the 21th gold fever”?

Production concentration of critical raw mineral materials

- s s

From iron ore to timber, China relies on foreign supplies to Cana:: . R“”:ﬁ ——— )

fuel its growth. But when it comes to rare earth metals— o {s; *e’ ol e % e =
9%

essential for clean energy and electronics—China

) N
dominates. The rest of the world is worried. ’ " India
p . Graphite
REUTERS ’
7 Japan
: Indium
Rare Metals A \ .~
Beryllium
A strong UE importation dependancy & w China
Some countries with a monopolistic production A’ © Antmony
g eryllium
Mexico - Fluorspar
Fluorspar Galliur.n
China Graphite
REE : 97% Germanium
: ¢ Indium
Brazlilliobium Magnesium
Tantalum Rare earths
Tungsten
Democratic Republic of Congo v ’
South Africa Cobalt Rwanda > 1
Tantalum

Platinum Group Metals +  Tantalum

7% G

Yanadinm 45% D
Chromium a1% (5

IcAMCYL
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Russia

Scandium 67%
Tungsten 50%
Vanadium 60%

Finland
Cobalt 66%

Norway o/
Siliconmetal 23% /

France
Hafnium 43% "

USA
Erbium 40% 90%
Helium 51% Morocco 44%

Bismuth 84%
Turkey Cerium 62%
Borate 98%

Samarium 40% Phosphate rock 270/1’

Mexico s Dysprosium 40%

Fluorspar 27% Europium 40%
LT °

Kazakhstan g:ﬂﬂ:mlum 3202

Nigeria Phosphorus 77% ‘ Germanium 43%

Tantalum 43% 5 ‘.’ Holium 40%

et 4 Indium 28%

Indonesia Lanthanum 40%

Brazil Natural rubber 32% Lutetium 40%

Niobium 71% Magnesium 94%

Natural graphite 69%

Neodymium 40%

Praseodymium 40%

Terbium 40%

Thulium 40%

Ytterbium 40%

Yttrium 40%

fuente: Report on Critical Raw Materials and the Circular Economy, EC 2018
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Supply risk

Light Rare-Earth Elements O
OHeavy Rare-Earth Elements

Antimony
Phosphorus
Bismuth

Niobium
Borate 2

Scandium

Natural Graphite )
Platinum Group Metals

Indium Beryllium
Bauxite o Germanium
Helium Vanadium Cobalt
" » Baryte : :
e Sapele Wood » Gallium Fluorspar
o ¢ . Phosphate
Naturalcork  Lithium Silicon Metal ~ Hafnium o _Natural rubber
Rheniume  © Cooking coal '@ Tantalum SIS
Natural Teak wood Tellunum( o Tin ® Molybdenum
o Feldspar ® Magnesite st Potash
_ _ e Kaolin clay @ Sjlver i 2M PIME
Perlite * ® Gypsum e Talc . Zing, selenium
Bentonite e Silica sand i ni o ® Nickel
°® oAggregates Diatomite " Titanium e Copper
Gold ¢ Limestone ® Lead

Magnesium

Tungsten

» Manganese

®Chromium

® Aluminum

Economic importance

ICAMCYL Contact: Santiago Cuesta director.general@icamcyl.com +34 661974185
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A.Y. Ku et al.

e Heavy rare earth

E Y elements
| \.'.
; \
' \_ Rare earth
E ’ elements
: (2010)
x : ‘_r".‘.
.l’ : x"l'
e . 7 Platinum group
> ¢ Light rare earth metals (2010)
a ! elements *
Q E 4 \ Niobium
3 Niobium :. Antimony (2010)
v ° o< '\\ @ °
' Magnesium :
: ) \ Natu:.:tl ’Mognesne Tungsten
| i \ graphite
:Germanlun; Gallium | fl ! 7‘
E o ® | Cobalt uor.s A
: Indium e &) o
: \ o Siliconmetal  Tungsten | Coking
E Phosphate Beryllium (2010) | T o0
- @ rock __Platinum” @ s
o+ Cmdebeieiaisieiiadeintatvt=" it ri et taidadndadde. et e e ety FETmmEEEEEEEErT -
2 I Borate group Tantalufir., o PY
(2010) . S metals “..__Tantal *
o (2010) *On aium f”OgneSlte Chromium
(2010) (2010)

Economic importance
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m EUROPEAN INNOVATION PARTNERSHIP ON RAW MATERIALS

European Commission > European Innovation Partnership on Raw Materials

® About~ Commitments Funding Opportunities bers Events Publications News~

The European Innovation Partnership (EIP) on Raw Materials

<) ECAS Login n

The European Innovation Partnership on Raw Materials is a stakeholder platform that

R I v I t . I-S
brings together representatives from industry, public services, academia and NGOs. Its
mission is to provide high-level guidance to the European Commission, Members States and
e r l a e private actors on innovative approaches to the challenges related to raw materials.

The I i ips (EIPs) are a new approach to EU research and

innovation. By bringing together actors from the entire research and innovation value chain
they aim at streamlining efforts and accelerating market take-up of innovations that address key
challenges for Europe.

The EIP on Raw Materials' aim is to help raise industry's contribution to the EU GDP to
around 20% by 2020. It will also play an important role in meeting the objectives of the

European Commission flagship initiatives ‘[nnovation Union’ and ‘Resource Efficient Europe’. It wil
do this by ensuring the sustainable supply of raw materials to the European economy whilst
increasing benefits for society as a whole. Raw Materials - The stuff that dreams are
made of
Other language versions: EN DE FR ES IT PL RO

EI'T Raw
Materials

n VISITWEBSITE



A CHANGE OF VIEW IN VALUE CHAINS (N-VC / RM-VC)

Raw matenals

New concept
development

End-otlife

Selection of
raw materials

Product

lifetime Sustainable

by DeSig n Raw material

efficiency

SUBSTITUTION (TRANSVERSAL CONCEPT)

Impact
during use

Production
efficiency

Olptir.ni.zing FATE OF A CRM
ogistics
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bl D e S 1. Nanostructured surfaces 2. Photocalysts
P1-1.Printed metal P1-6.0LED- ligthing P1-4.Anti-counterfeiting tags )
P1-3. Printed organicelectronics P1-7.0LED- screen P2-1. Na_nostmctured surfaces for P2-2. Pho.tocat.alvsts. for water and indoor and
P1-9. Printed power supply & G production of clean energy outdoor air purification
P1-32. Printed ceramics: TCO s L2 T T P2-3. Nanostructured surfaces with
::;f’ ;;:‘:?;ﬂ::ﬁi:“ s :i-iiMérs - P1-18.Customer specific increased selectivity towards trace 4. Nanopigments
o 3 ot e ackaging solutions
P1-34. P"'"‘Ed ceramics: Integrated P1-31.Non mai MEMS = :;n.:amln:‘ntsfor w:tt:r ':an:fg:ment P2-14. Nanopigments with increased luminocity
pho(omc.s o . ano g uraces and long after g low for safety applications
P1v3'_5. Printed ceramics: Other 5. Injection moulding Tech 10. Optical photonics with antimicrobial, antiviral, (e.g., safety signs, safety-way  guidance
;;g:al::::sed S fax low! P1-15.Injection molded Nano integrated on Si biocompatible, anti-adhesive systems for office buildings, underground
o o ey plasti P1-22.0ptical photonics properties for biomedical applications stations, tunnels, etc.)
Sl e e-8poly P1-16.Injection moldi integrated on Si
and paper) PR i
2. 3D Printed components P1-19.Develop of injection 3. Nanocoatings
) ) molding processes 11. Plasmonic devices i ol ) L e el I . . ——
P1-12.3D printed Nano plastics (smart P1-20.Injection molding (micro & P1-25.Plasmonic devices P2-5. Mu tifunctional nanocoatings with improved mechanical, electrical, thermal, barrier and chemical
surface) nano plastics) properties
P1-13.3D printed Polymeric microoptics P2-6. Self-healing, self-cleaning, high-gloss, anti-scratching nanocoatings
P1-14.3D printed Hybrid optics 6. Micro, nano & bio materials || 12- Products on 2nd hand P2-7. Nanostructured coatings for thermal management
(LED&lightning) e P1.10.P% blebiotech || Prod- Machinery P2-8. Anti-pollutant nanocoatings for protection of heritage monuments and buildings
P1-23.3D printed Photonicwirebonds D T e e e P1-26.Products on 2nd hand P2-9. Nanocoatings for mechanically enhanced surfaces
:';‘;'33 p:;:::: ::pr:?:mﬂ idic polymers prod. Machinery P2-10. Nanocoatings with super hydrophobic surface properties
MéMé (ﬁl?ers) Lty i P1-21.nanostructure inorganic P2-11. Nanocoatings with enhanced surface water condensation properties for moisture collection
P1-28.3D printed Polym. microfluidic = 13. CMOS-fab forbidden P2-12. Nanorzoatings with f:orrpsion-resistant and anti-fouling properties for protection of liquid and gas
MEMS (sensors) - Electronics e aTials handling equipment and pipelines
P1-29.3D printed Polym. microfluidic P1-2.lmeyate'd Circuits ] P1-30. CMOS-fab forbidden P2-13. Nanocoatings for the garment industry with stain-  resistant, anti-odor, anti-microbial,
MEMS (multi-use on chip) P1-8.Personalized electronics e conducting, water repellent, etc. properties
1. Multifunctional materials with 5. Nanocomposite substances
embedded electronics P4-10.Nanocomposite coatings
P4-1.Multifunctional materials with embedded providing friction/wear reduction for
sensing/actuation functions the energy sector
P4-8.Multifunctional materials with embedded P4-11.Bulk nanocomposites for heat
electronics recovery
P P4-12.Nanocomposite based fuels/
NANOfutufes: = 5 5 = nanocomposite additives with
v 2. Materials with customized properties enhanced chemical to thermal energy
P4-2.Materials with self healing/anti scratch conversion properties
properties

P4-3.Fire resistant materials
P4-4.Materials with customized thermal/electrical A 3 5 il
conductivity properties . Low viscosity oils

P4-7.Materials with anti corrosion properties P4-13. Low viscosity oils (nanofluids)

I n t ro d uce C R M S P4-16 Lightweight materials with increasing

resistance to the abrasive particles (sand, volcanic

dust, etc) in different weather conditions

transversal concept in the 7. Materials wth

nanostructured surfaces

3. Lightweight materials for engines

P4-14. Materials with tructured
E U n a n OteC h n O I Ogy VC P4-5 Lightweight batteries including their packaging surfaces S e
P4-6.Lightweight materials for engines

roadmap

4. Bio-based materials for sandwich 8. MOFs

panels P4-15. Metal-Organic Frameworks
P4-9 Bio-based materials for sandwich panels (MOFs)

ICAMCWYL
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UNIR EL ECODISENO A LA NANOSEGURIDAD
(SEGURO POR DISENO) PARA ASEGURAR
TODO EL CICLO DE VIDA

ICAMCWYL
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NEED OF NEW MATERIALS FOR THE FUTURE AND TO
ANSWER TO EXTREME CONDITIONS NEEDS

DESIGN
MATERIALS
THINKING ON
EFFICIENCY USE
OF RESOURCES

SAFE MATERIAL SAFETY AND
HANDLING PRACTICES SUSTAINABILITY
~ AFFECT EVERYONE.

WHY ARE YOU GOING TO THROUGH IT AWAY IF
YOU CAN RECYCLE IT
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iGracias!

Hconama2018




Thank you for your
attention!

Santiago Cuesta Lopez 4

Santiago Cuesta Lépez FUNDACION ICAMCyL:
International Center in...
GENERAL MANAGER en FUNDACION ICAMCyL: Polytechnic University of
International Center in Advanced Materials and raw Madrid (Spain)
materials of Castillay Leon 2] see contactinfo

Ledn Area, Spain
Add profile section « More...

General Manager of the private non-profit Fundacion ICAMCyL: International Research Center in
Advanced Materials and Raw Materials of Castilla y Leon. Founder and former Director of the ICCRAM:
Int. Research Center in Critical Raw Materials for Advanced Industrial Technologies within University ...

&5 See connections (500+)

T IcAMCyL links raw
materials and environment

Promoting 21th Century

ICAMCYL . ..
sustainable mining

ICAMCYL
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