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1.Nuclear Fusion
• Nature’s preferred source.
• Fusion is the same process that powers the

sun and stars. It is environmentally friendly,
safe, and capable of sustaining the planet for
thousands of years.



1.2.Fusion funding
• Classic State-funded approach
• Private firms



1.3.Private fusion firms

Philip Ball,  Nature, Vol 599,
18 November 2021, 362-366



1.4.Projects’ advancement



1.5.Expected outputs



1.6.Two types of nuclear fusion

• Neutronic fusion
• Aneutronic fusion



1.7.Element can be not only hydrogen

Shutaro Takeda and Richard Pearson (November 5th 2018). Nuclear Fusion Power Plants, Power Plants in the Industry, Tolga Taner,
IntechOpen, DOI: 10.5772/intechopen.80241. Available from: https://www.intechopen.com/books/power-plants-in-the-
industry/nuclear-fusion-power-plants



1.8.Neutronic Fusion

NET REACTION

1D2+3Li6 2 2He4



1.8. Neutronic Fusion
Tokamak Energy



1.8 Neutronic Fusion
Firm: General Fusion



Variation of irreversibility field with temperature for different
superconductors including HTS, MgB2, metallic compounds,
and alloys. The coated conductor technology including APC

methodology has opened new frontiers of superconductivity
applications in the temperature of range 5–77 K.

A.K. Jha & K. Matsumoto
Front. Phys., 21 June 2019

Sec. Physical Chemistry and Chemical Physics
https://doi.org/10.3389/fphy.2019.00082

1.8. Neutronic Fusion
REBCO superconductors



1.9 Aneutronic fusion



1.9. Aneutronic fusion

https://youtu.be/EVlWUQ-
UKa4?list=TLGGRqoSMsdmCxsyNjA3MjAyMg

The New Fusion Race - Part 2 -
Aneutronic Fusion - YouTube



1.9. Aneutronic Fusion
HB11



1.10.Resume on nuclear fusion
• Neutronic fusion: 1D2+ 1T3 2He4+ n
• Aneutronic fusion : 1H1 + 5B11 6C12 3 2He4

• Li stable breeders able to produce and release
Tritium are wanted



1.11.Neutronic fusion breeder



1.11.Neutronic fusion breeders



1.11. Neutronic fusion breeders
 Each D-T fusion event releases 17.6 MeV (2.8 x 10-12 joule, compared with

200 MeV for a U-235 fission and 3-4 MeV for D-D fusion).
 On a mass basis, the D-T fusion reaction releases over four times as much

energy as uranium fission.
 Deuterium occurs naturally in seawater (30 grams per cubic meter), which

makes it very abundant relative to other energy resources.
 Tritium occurs naturally only in trace quantities (produced by cosmic rays)

and is radioactive, with a half-life of around 12 years.
 Usable quantities can be made in a conventional nuclear reactor, or in the

present context, bred in a fusion system from lithium.
 Lithium is found in large quantities (30 parts per million) in the Earth's

crust and in weaker concentrations in the sea.



1.11. Neutronic fusion breeders

N. Roux a, G. Hollenberg b, C. Johnson c, K. Noda d, R. Verrall
Summary of experimental results for ceramic breeder materials,
Fusion Engineering and Design 27 (1995) 154-166



2.Selective membranes of CO2 at high
temperature



2.1.Refineries and reformers



2.1.Refineries and reformers



2.2.Efficiencies



2.3.Reversibility



2.3.Reversibility
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Nakagawa et al. Proceedings of The Electrochemical Society,
PV 1998-11, 370-376 (1998)



2.3. Membranes
Interest is shifting from bulk sequestration to separation:
this will involve much less raw material based on Zr



3. Li-ion batteries

Why Li is the best?



3.1. Energy density



3.1. Energy density



3.2. Zircon compounds
• Zr chances in batteries:

• Cathode materials: Li8ZrO6 (LZO) Zr-doped NMC
• Anode materials: SiO2-ZrO2 materials
• Solid state electrolite (SSE):Li7La3Zr2O12 (LLZO)
• LZO coating in NM cathodes in order to hinder

reactions with electrolite



Solid state electrolyte (SSE) Solid state battery (SSB)
• Garnet type Li7La3Zr2O12 (LLZO)
• High ionic conductivity (∼3×10-4S/cm-1)

3.3. Li-ion/-metal solid state electrolyte batteries

Liu et al. Journal of Power Sources 389 (2018) 120–134



4.Conclusions
• There are promising new

applications of zircon
products.

• These new applications can
alter considerably the
market of zircon in the next
future (in order of
importance):

• D-T Nuclear fusion, Li-ion
batteries, CO2 separation.

• However, the zirconium
compounds must compete
with other materials. Nothing is sure. Future cannot

be predicted!


