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Project overview
Compared to virtually any other candidate materials (e.g.
supported/grafted polyamines, MOFs and ZIFs), carbon-based
adsorbents appear to be the most promising class of materials [1, 2],
thanks to their unparalleled properties, such as fast adsorption
kinetics, high selectivity, moderate heat of adsorption (hence low
energy requirement for sorbent regeneration) and ideal stability
against thermal, oxidative and hydrolytic degradations. However,
none of the best-performing carbon materials reported to date are
able to achieve appreciable CO2 capacities at realistic flue gas
temperatures (40~50 oC or higher), which are generally well below
1.0 mmol-CO2/g, despite their high capacities at 0 or 25 oC[3]. This
essentially rules out carbon-based sorbents for CO2 capture without
costly deep flue gas cooling. Therefore, it has become a major
research challenge to boost the performance of carbon materials for
CO2 capture at realistic flue gas temperatures.

Key objectives:

Emerging findings
 Preparation of PIF/PUF carbon materials:
• A range of carbon-based sorbent materials will be prepared for
characterisation and performance tests, using a facile one–step
compaction–activation methodology with the commercially widely
available PIF/PUR polymer in its various forms as being the feedstock.

Figure 1: Illustration of the preparation route for PIR/PUR carbon

 Preliminary CO2 adsorption and desorption results

The research aims to further examine a new class of polyisocyanuratederived carbons able to achieve high CO2 capacities at practical flue
gas temperatures and reduced energy requirement for regeneration,
leading to potential breakthroughs in cost reductions for CO2 capture.

Research highlights

SCALE-UP

DESIGN & SYNTHESIS

 The research represents a continuation of the extremely
successful collaboration between Nottingham and KIER, which
has included the preparation of 100 kg of the chemical
adsorbent, silica-polyethyleneimine at Nottingham for successful
fluidised bed testing at KIER as part of a Korean Governmentfunded project[4]. The ambition here is to accelerate the
development of the polyisocyanurate/polyurethane (PIF/PUR)
carbons to this scale.

• the unique CO2-sieving carbon
architectures of the carbons
have exceedingly high
reversible CO2 capacities of up
to 2.30 mmol/g with CO2/N2
selectivity of up to 227.

WP1: Preparation and performance characterisation of
PIF/PUF carbon materials
WP2: Preparation and
characterisation of carbon
adsorbent materials from
using recycled PIR and PUF
wastes

WP3: Evaluation of the
surface hydrophobicity
and moisture coadsorption of carbon
materials

WP4: Optimisation of preparation methodology & scale-up
production of the PIF/PUF carbons

WP5: Pilot-scale testing of the carbon materials for CO2
capture

WP6: Evaluation of the energy penalty of the PIR/PUF carbons
for adsorption-based capture

Figure 2: CO2 adsorption profiles of PIR/PUR foam and
KPFM electric surface potential map of selected PIR/PUF
carbons

Next steps
• To complete all defined research programmes within two years and use
the results to define the overall benefits of using PIF/PUR carbons as a
means to reduce the operational cost of carbon capture systems.
• Seeking further sponsorship/industrial partners to advance the technology
closer to the stage for commercialisation.
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