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Accelerating the Electrification in the Process Industry
Reducing the Demand for Critical Raw Materials

Ruud van Ommen, e-Refinery, Delft University of Technology
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A sustainable energy system
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e-Refinery: Indirect route
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e-Refinery: Direct route
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Electro-conversion: from atoms to factories

Most research up to now...
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Large scale: high current density, considering materials availability, ...




Indirect route
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Indirect route .
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Critical raw materials

Rare Earth Elements
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Critical raw materials

Norway
Silicon metal 23%{

France
1 0,
USA Hafnium 43% "
Erbium 40% :
Helium 51% Morocco
Samarium 40% i Phosphate rock 27% ,
'y

Mexico
Fluorspar 27%

Nigeria
Tantalum 43%

Brazil
Niobium 71%

Study on the review of the list of critical raw materials 2017

Cobalt 66%
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Russia

Scandium 67%
Tungsten 50%
Vanadium 60%

Finland

*I 7 :
Turkey
Borate 98%

Kazakhstan

Phosphorus 77% \ d
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Indonesia
Natural rubber 32%

90%

44%
Bismuth 84%
Cerium 62%
Dysprosium 40%
Europium 40%
Gadolinium 40%
Gallium 36%
Germanium 43%
Holium 40%
Indium 28%
Lanthanum 40%
Lutetium 40%
Magnesium 94%
Natural graphite 69%
Neodymium 40%
Praseodymium 40%
Terbium 40%
Thulium 40%
Ytterbium 40%
Yttrium 40%



Energy Transition will Strongly Change Demands

EEN CIRCULAIRE
ENERGIETRANSITIE

Verkenning naar de metaalvraag van het Nederlandse
energiesysteem en kansen voor de industrie
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= \World Energy Outlook Speeial Report §

]
TUDelft




“]
TUDelft

Critical materials: IEA

100% Share of clean energy technologies in total demand for

selected materials
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Lithium Rare earth elements

Source: The Role of Critical Minerals in Clean Energy Transitions, IEA 2021



Critical materials: “Dutch report”

METAAL TECHNOLOGIE
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Reduce amount of platinum in fuel cells

Hydrogen car

Fuel cell in person car: ~10 g platinum

Global Pt production: 180 ton/year
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Max. 18 min cars/year can be supplied
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Atomic Layer Deposition (ALD)
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TU Delft van Ommen & Goulas, Mat Today Chem 14 (2019) 100183
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Fluidized Bed ALD Reactor

Titanium oxide nanoparticle
ALD = Atomic Layer Deposition with aluminum oxide film ~ 3 nm

"""""

Titanium oxide nénoparticle
with platinum clusters ~ 2 nm

Technology from semi-conductor industry, applied to energy materials

van Ommen & Goulas, Mat. Today Chem. 14 (2019) 100183.



Efficient platinum usage via ALD

Pt on graphene powder: catalyst activity in propene oxidation

Low-T C3Hg Conversion (%)
c 04 MY e 100
et - 1
B : : 80 Treaci=200°C
— N g' |
Y @ &
s , - 60—
5 01 nventional method |
0] B wd T
4 B =
o0 B :
o D?gn\n/ﬂ\u o
n - :
© o O Cb\ |
= 0'00’ 5 10 15 20 25 30 35 e 0'?9 T T T 1

0 2 4 6 8 10 12 14
Diameter Time (h)

“]
TUDelft

Bui et al., Nanoscale 9 (2017) 10802




Cathode Particles for Li-ion Batteries

200-500 nm particles: faster charging, but increased aging
Ultrathin coating needed to improve the lifetime

120 g powder, coated at 160°C & 1 bar

Uncoated LiMnO, particles
““““““ W|th AI ,O; film

LiMnO, particles Battery test at 60°C
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Summary
TU Delft’s e-Refinery develops conversion of electricity into chemicals (fuels & feedstock)
Critical raw materials need to be considered when accelerating electrification

Rethink, reduce, reuse, recycle

Making nanostructured materials using ALD is an example of “reduce”

'i"u Delft Lrvanommen@tudelft.n/
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