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Who We Are

= Founded 2007 by Prof. Ed Lester, spin-out from
University of Nottingham

= Qperate world’s largest continuous, multi-material
nanomaterial manufacturing plant

o Continuous flow hydrothermal synthesis
o 3 key patents relating to reactor design + know-how

= Historically positioned as a broad-based
nanomaterial technology platform

= |ncreasingly focused on metal-organic frameworks
(MOFs) for carbon capture applications

= Venture-capital backed with a mix of private and
institutional investors

= Headquartered in Nottingham, UK




D | )
PrometheanParticles

Metal-organic Frameworks — MOFs

= Highly porous, structured frameworks

Ligands /
Imkers

= Multivalent metals bonded to organic linkers l ietal ione

= Limitless choice of metals and linkers allows tuning of

i\

pore shape and size /
= Can act like cages or sieves to selectively trap
(adsorb) certain chemical species

= 2D or 3D repetitive lattice structures with ultra-high
surface areas

o Surface areas into the thousands m? g*

£ 4
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= MOFs have other advantageous properties for CCUS:
o High thermal and chemical stabilities
Tuneable selectivity

VYV e el )
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®
o Low energy of desorption
o Recyclable*

A flue gas stream comprising
nitrogen (N,) and carbon dioxide
(CO,)

The N, is able to flow through the " " .
. i A “cleaned” N, stream is able to be
MOF while the CO, is adsorbed :
e emitted to the atmosphere
within the porous structure

* Development work required to validate at scale
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MOFs for Carbon Capture and Storage (CCS)

Incumbent amine CO, scrubbers inefficient
o Significant energy penalty to regenerate amine

Highly selective with large surface areas
o 10-100x competing solid adsorbents

Limits end-user chemical handling requirements
o Large-volume amine handling not straightforward

Modular-approach can minimise footprint

Considerations

= Uptake & Desorption Rates

Uptake Capacity

Cycling Energy & Robustness

Selectivity

Recyclability
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Demonstrating MOFs for CCS

[CO,] post-MOF

[CO,] in MOF

Flue gas in —»
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= Typically run multiple adsorption beds out of phase
to allow fully continuous operation

o One bed adsorbing while others regenerate

o Adsorption vs. regeneration time determines

required number of columns

" Pressure/vacuum swing adsorption is “easier” —
technology well developed for N,/O, separation

@)
@)
©)

Typically able to cycle faster than TSA
Can require high vacuum for high working capacity
Requires more robust shaped forms

= Temperature swing adsorption less well developed

©)

Potentially higher working capacity under realistic
swing conditions (25-120°C)

o Main challenge is efficient heating of packed bed

o Significant pre-FEED engineering design work already

complete on TSA adsorption system
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Demonstrating MOFs for CCS
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Demonstrating MOFs for CCS — PICASSO

Pilot Scale Carbon Capture using Solid Sorbents
Part-funded by UK Carbon Capture and Storage Research Centre

Collaboration between Drax, University of Nottingham and

Promethean

O
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= Success will validate MOFs as a feasible alternative to amine scrubbers

O

o Open up development of capture systems for small-medium emitters

Aim to demonstrate viability of MOFs for PCCCS

Advancing TRLfrom 3 to 5

Pilot scale production of MOFs

CO, capture from Drax’s flue gas using MOFs

Assess purity of captured CO,

Life Cycle Assessment

Cost Analysis (whole system, not just MOF material component)

Create a persuasive case for power generators and construction,
steel and chemical sectors which collectively represent ~40% of
UK’s CO, emissions
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PICASSO Rig Design and Layout
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MOF-filled
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Breakthrough Curve Interpretation
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reakthrough Curve Interpretation
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[CO,]
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Flue gas concentration

Slow uptake
More MOF, longer residence time,
improved contact area, etc.
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PICASSO Breakthrough — MOF Cast Fins
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PICASSO Breakthrough — Powdered MOF
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PICASSO Breakthrough — Particulate MOF
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Conclusions

Metal-organic Frameworks — MOFs

* Highly porous, structured frameworks

* Muitivalent metals bonded to organic linkers

* Limitless choice of metals and linkers allows tuning of
pore shape and size

* Can act like cages or sieves to selectively trap
(adsorb) certain chemical species

* 2D or 30 repetitive lattice structures with ultra-high
surface areas
© Surface areas info the thousands mé gt
* MOFs have other advantageous properties for CCUS:
o 16gh thermal and chiemical stabilities
= Tuneable sefectivity

= Low ermigy of desorption
& Recyclabie®

* Developmene wark regeired 20 salicate ot scn

-

Metal-organic frameworks (MOFs) are highly porous
and structured materials that can act like cages to
selectively trap (adsorb) chemical species

-
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Demonstrating MOFs for CCS
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Reality (mg scale)
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At the laboratory scale, the CO, uptake
performance of MOFs can be demonstrated, along
with their ability to repeatedly cycle
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PICASSO Rig Design and Layout
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PICASSO focused on the design, fabrication, and
installation of a proof of concept, MOF containing,
carbon capture unit at Drax’s facility

The unit made use of real-world CO, containing flue
gas, and examined MOF material and form impacts
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PICASSO Breakthrough — Particulate MOF
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PICASSO successfully demonstrated the ability of
MOFs to effectively adsorb CO, from Drax’s flue gas,
paving the way for more-refined engineering
solutions that utilise MOFs as sorbents
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