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Metal-organic frameworks (MOFs) are an exciting class of advanced materials showing significant
potential for use in applications that support decarbonisation and the energy transition away from
fossil fuels; these include post-combustion carbon capture, biogas upgrading, and energy-efficient
gas storage. The exceptionally high porosity, tuneable chemistry and significant gas uptake
capacities of MOFs means these materials can act like ‘sponges’ or selective filters for a range of use
cases; a ground-breaking development that earned the 3 pioneers of MOFs the 2025 Nobel Prize in
Chemistry.

However, despite being well-described in scientific literature for over thirty years, the industrial
application of MOFs is only now being realised, largely due to historic low manufacturing volumes -
typically reliant on batch processing - and associated high production costs. Promethean Particles
(Promethean) is changing this paradigm by utilising a novel continuous flow manufacturing
technology to produce MOFs at a scale and price point that enables the industrial deployment of
these advanced materials.

To evaluate and demonstrate the applicability of its MOF products for use in industrial gas separation
and storage, Promethean is also spearheading a range of MOF application development projects.

In the case of carbon dioxide (CO.) capture, Promethean owns and operates a bespoke engineered
test system that is designed to evaluate the performance of MOFs as adsorbents for the selective
uptake of CO; from post-combustion flue gas streams. Named MATISSE (MOF Adsorption Test-rig
Informing Scaled-up System Engineering) and shown in Figure 1, this vacuum and pressure swing
adsorption (VPSA) system measures the uptake of CO2 by multiple packed columns of MOF, upon
exposure to a mixed gas stream. Through VPSA, the captured CO, can be desorbed from the MOF
thereby regenerating it and allowing repeated adsorption-desorption cycles. The data and results
obtained from MATISSE inform crucial operation and design requirements of a MOF-based carbon
capture system in industrially-relevant environments.

In collaboration with its customers, Promethean is also demonstrating the benefits of its MOFs
products for the upgrading of biogas, and for enhanced gas storage applications.

Biogas, produced from the anaerobic digestion of organic waste matter, is largely comprised of
methane and CO.. In this form, the gas has little energetic value, but upgrading it to remove the CO;
yields biomethane, a sustainable alternative fuel to natural gas that can be used as a vehicle fuel, in
high-efficiency combined heat and power (CHP) systems, or injected into natural gas grids. The
advantages of MOF-based biogas upgrading over other separation technologies holds potential to
drive the wider global production and use of biomethane.

To demonstrate the applicability of MOFs for enhanced compressed gas storage, Promethean has
developed a test system to show that MOFs allow increased volumes of gas to be stored in a vessel,
while maintaining the system pressure. Ultimately, this enables efficiency gains, lower costs and lower
environmental footprint for gas storage and transport — an exciting proposition to further support the
energy transition.

This presentation will introduce MOFs and discuss Promethean’s approach of combining innovative
materials chemistry with process engineering to manufacture cost-effective MOFs at industrial
volumes, while retaining the required product quality to deliver the performance necessitated by real-
world applications. The company’s manufacturing technology has successfully achieved the
manufacture of MOF at tonne-scale, where the product was then delivered to a customer for a gas
storage application.



This talk will also detail Promethean’s work in various application development projects, showcasing
the exciting prospect of MOF-based technologies for post-combustion carbon capture, biogas
upgrading, and enhanced gas storage.

Alongside Promethean’s ability to manufacture MOFs at industrial scale, these projects represent
significant technological advancements — showing that real-world use of MOFs is not only feasible,
but also commercially viable.
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Fingre 1. Photo of TISSE, Promethean’s test syst for aséessing the performance of its
manufactured MOFs for CO; capture in industrially relevant environments.
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