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nuclear reactor technologies;

A perspective on nuclear energy and equipment, from Jetseal

n the domain of nuclear energy,

particularly within the context of

small nuclear reactors (SMRs) and
micro modular reactors (MMRs), the
importance of resilient metal seals
cannot be overstated. These seals
are fundamental to maintaining the
high levels of precision and reliability
required in nuclear fusion operations,
paralleling the critical role they play in
spacecraft engineering.

In both applications, metal seals
are tasked with the crucial function of
maintaining closed environments under
extreme conditions. For spacecraft, this
means preserving internal atmospheres
and protecting against the hostile
expanse of space. Similarly, in nuclear
reactors, these seals are indispensable
for containing radioactive materials and
ensuring operational integrity under
immense thermal and pressure stresses.
The resilience of these seals directly

impacts the safety and efficiency of the
systems they protect, highlighting their
indispensable role in both nuclear and
aerospace technologies.

Generation IV nuclear energy
Generation IV nuclear energy represents
the future of nuclear power. These
reactors, characterised by their advanced
safety mechanisms and sustainability,
are the next step in nuclear power
evolution.

Metal seals play a crucial role in
ensuring the uninterrupted and safe
operation of these reactor designs.
Understanding the specific requirements
and functionalities of metal seals in
Generation IV reactors is essential
for enhancing their performance and
ensuring reactor safety.

Overview of Generation IV reactors:
The Generation IV initiative
encompasses several reactor designs:

o Gas-cooled Fast Reactor (FR) - This
design uses gas coolants and operates
with fast neutron spectra. It offers
advantages in terms of fuel efficiency
and waste reduction. The FR is being
developed to be more resistant to
nuclear proliferation and to have a
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longer operational life.

o Lead-cooled Fast Reactor (LFR) -
Utilising lead or lead-bismuth eutectic
as a coolant, this reactor design offers
enhanced safety features. The LFR is
designed to be compact, making it
suitable for both electricity generation
and desalination processes.

+ Molten Salt Reactor (MSR) - Unique
in its use of a mixture of molten salts
as both coolant and fuel, this design
promises high operational efficiency
and safety. The MSR can operate at
atmospheric pressure, reducing the
risk of explosions and improving
overall safety.

o Supercritical Water-cooled Reactor
(SCWR) - Operating at supercritical
pressures, this design uses water as
a coolant and offers efficient heat
transfer. The SCWR is being developed
to reduce the amount of nuclear waste
produced and to be more fuel-efficient.

o Sodium-cooled Fast Reactor (SFR) -
With liquid sodium as its coolant, this
design offers benefits in terms of fuel
cycle efficiency and waste management.
The SFR is being designed to be more
resistant to core meltdown accidents.

 Very High Temperature Reactor
(VHTR) - Designed to produce high-
temperature heat, this reactor type
has potential applications beyond
electricity generation, such as hydrogen
production. The VHTR is being
developed to be more efficient in terms

gasworld.com

of heat production and to have a
longer operational life.

Development and significance of
metal seals

Metal seals have evolved as products of
comprehensive research, innovation,
and meticulous engineering. Their
design and functionality cater to the
dual objectives of safety and efficiency.
By harnessing state-of-the-art
technology and adhering to rigorous
quality assurance protocols, the industry
aims to produce metal seals that exceed
the demanding standards set for SMRs
and MMRs. Functions of metal seals in
Generation IV reactors include:

 Coolant systems — Metal seals are
essential for ensuring effective
containment of various coolants.
They prevent potential leaks, ensuring
efficient heat transfer and reactor
safety. The design of these seals is
continuously refined to handle the
specific coolants used in different
reactor designs.

Fuel handling systems — Metal seals
are vital for the safe handling, transfer,
and containment of fuel elements.
Their design minimises the risk of
contamination or exposure, ensuring
a safe fuel cycle. As fuel handling
systems evolve, the requirements for
these seals become more stringent.

« Gas circulation systems — In reactor
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designs that employ gas as a coolant
or operational fluid, metal seals
maintain the integrity and efficiency
of the gas circulation systems. These
seals are designed to withstand the
high pressures and temperatures
associated with gas circulation.

Challenges and innovations in metal
seal manufacturing

Manufacturing metal seals for nuclear
reactors is a complex process. These
seals must withstand extreme conditions
within reactors, including high
temperatures, pressures, and radiation.
The industry employs advanced
materials and innovative techniques to
address these challenges.

Materials for metal seals are selected
based on their corrosion resistance,
temperature stability, and radiation
tolerance. The manufacturing process
is designed to produce seals with
precise dimensions, ensuring a perfect
fit and optimal functionality in the
reactor environment.

The future landscape of nuclear energy
The global energy sector is in a state of
flux. With increasing concerns about
environmental sustainability, there’s

a palpable shift towards cleaner, more
sustainable energy solutions. Nuclear
energy, especially via Generation IV
reactors, is poised to play a significant
role in this transition.

Metal seals, given their pivotal role
in reactor operations, are central to this
narrative. As reactor designs evolve,
the requirements for their components,
including metal seals, also undergo
transformation. Continuous research,
development, and collaboration with
industry experts are essential to ensure
that these seals meet the changing needs
of the industry.

Safety and compliance

Safety is a top priority in the nuclear
industry. Metal seals must adhere

to stringent safety standards and
regulations. Regular audits, inspections,
and tests are conducted to ensure that
these seals meet all safety requirements.
Compliance with international standards
and best practices is non-negotiable.

Conclusion

As the global emphasis on sustainable
and clean energy solutions intensifies, the
role of nuclear energy, and specifically
Generation IV reactors, becomes
increasingly significant.

Metal seals, with their essential
function and reliability, are set to play a
foundational role in the future of nuclear
energy. The industry’s commitment to
quality, research, and innovation ensures
that these components will continue to
meet the evolving needs of the sector,
driving progress in the realm of nuclear
energy.
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