


The global effort to mitigate climate change is creating opportunities as products and industrial
processes adapt and innovate to meet increasingly ambitious targets.

Cambridge University Technical Services (CUTS), in conjunction with ZIA, conducted an analysis of over 290,000
publications and patents by searching sustainability terms and zircon applications. This detailed literature review
and analysis has identified untapped R&D potential in addition to the opportunities and associated threats for
major zircon and zirconia applications. Here we highlight the application trends for the zircon, zirconia and
zirconium industries in a sustainable world.

Sustainability-related R&D in zircon, zirconia, and zirconium-related industries

ZERO EMISSION ENERGY SUPPLY & ENERGY EFFICIENCY

Mitigating climate change requires a transition to zero-emission energy supplies and greater
energy efficiency. The zircon value chain contributes on both fronts.

Renewable - :
energy :

Zr-doped semiconductors
improve zircon solar cell
performance. Zircon is used
for anti-reflective coatings on
solar panels. Zirconia is used for
sensors to spot defects on wind
turbine blades, and coatings to
overcome critical

wear failures.

Carbon capture
and storage

Zircon is considered for use in
catalysts for carbon capture and
storage (CCS) and direct air capture
(DAC) technology. Zirconia is a
possible sorbent in CO, capture.

e Biofuels &
. synthetic gas

Zirconia compounds
are used in catalysts
for biodiesel and green
methanol production,
as well as synthetic
gas production.

efficiency

Opportunities for zircon-
driven energy efficiency span all
applications, from the design of

smart windows and insulation tiles
to the use of energy efficiency

catalysts, high-temperature coatings

in refractories and the use of PLZT
ceramics for power recovery.

AT Nuclear energy

Zirconium alloys and zircon-based
functional materials are used in
nuclear power applications including
pressure tubes, fuel channels, guide
tubes, grid spacers, fuel cladding,
~ fuel containers, and core structural
.. materials and waste immobilisation.

e, Water
purification

Zirconia compounds, including
among others ZrO, and hydrous
zirconium oxide (HZO) nanoparticles
are used to increase the efficiency
of water purification.



ENERGY CONVERSION & STORAGE TECHNOLOGIES

Continuing decarbonisation efforts to meet climate change targets will require increasing
electrification, leading to greater zircon use in hydrogen production & storage, advancing battery
technologies and energy recovery systems.

Hydrogen production

Sustainable and industrial-scale hydrogen
production through photocatalytic water
splitting, steam electrolysis, and methane steam
reforming are using zirconium compounds, such
as ZrO2,YSZ and zirconium phosphate.

Hydrogen storage

Zirconium carbide powders enhance hydrogen
storage performance, thereby optimising the
supply of energy from renewable sources.

Batteries & fuel cells

Zirconium compounds increase performance
(energy storage of dielectric ceramics, storage capacity,
improved safety, and faster charging) across battery
technologies. Zirconium compounds also boost energy
efficiency, reduce production costs, increase safety, and
improve the power density of fuel cells.

Energy recovery

Local energy recovery creates opportunities for
zircon applications through ceramics used for power
recovery from industrial waste heat; through energy
management in textiles and zircon-containing PTZ or
piezoelectric energy harvesting.




MATERIAL EFFICIENCY & RECYCLING

Increased pressure to reduce embodied emissions (those associated with the manufacture of a
product or materials from which it was made) has led to trends in recycling and material efficiency.
The zircon industry has a clear role to play.

End-of-life recycling "

Growing trends in recycling create opportunities to use zircon to ' ‘
recycle other materials; in catalysts for plastics recycling; for toughness

in glass recycling to produce whitewares; and to produce ceramics from ‘

steel slag. Using zirconium compounds to improve battery and PV cell

recyclability is also being explored.

Recycled material feedstocks

Zircon materials are recycled to improve the sustainability of new
products; for example, waste zirconia in glazes for ceramic tiles;
dental zirconia recycling and reuse; recycling shot blasting beads
and raw material recovery from ceramic waste materials for
use in the refractory industry.

Industrial waste product treatment

Opportunities for zircon applications include the treatment of waste gas,
removal of radioactive impurities from decommissioned nuclear plants, and
the development of zircon-containing tanning agents from wastepaper to reduce
pollution in leather industries.

Using less material

Opportunities for zircon applications in material efficiency include detecting
defects on wind turbine blades using a piezoelectric flexible line sensor:

adding zirconium to increase the life of batteries, and in coatings to
repair and restore glass damaged by sandblasting for windscreens
and solar cells.

Pollution reduction

Zirconium-based metal-organic frameworks and clay modified
coatings are being increasingly considered for wastewater treatment
and battery technology.
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