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❖ CCIC report highlights that adsorption-based capture offers enormous 

potential to achieve revolutionary, not incremental, advances in cost 

reduction, with physical adsorbents showing the most promise. 

General Background



o Low regeneration energy requirement

MEA solvent: 3.5-4 GJ/ton-CO2

Advanced solvents: 2-3 GJ/ton-CO2

Solid polyamines: 2-3 GJ/ton-CO2

Carbon Materials:  0.8-1.2 GJ/ton-CO2

o Wide availability of precursors

o Flexibility for surface functionalisation

o High chemical and thermal stability

o High tolerance to moisture  

➢ Compared to virtually any other candidate materials (e.g. MOFs and ZIFs, 

and supported/grafted polyamines), carbon-based adsorbents appear to 

be one of the most promising classes of materials. 

None of the best-performing carbon materials reported to date are able to 

achieve appreciable CO2 capacities at realistic flue gas temperatures (40~50 
◦C or higher), which are generally well below 1.0 mmol-CO2/g (ca. 4.4 
wt%), despite their extremely high capacities at 0 or 25 ◦C.

➢ Challenge:

General Background



❖ The aim of this project is to accelerate the development of a new low-

cost class of carbon materials for CO2 capture to achieve significant 

breakthroughs in cost reduction relative to the best available solvents 
and adsorbents

o To optimise the integrated compaction and carbonisation-activation 

methodology for further performance improvements in terms of adsorption 

capacity, selectivity and kinetics. 

o To examine the suitability of recycled waste PIF/PUF, available in large 

quantities, as low or cost-free feedstocks to further reduce the production costs. 

o To scale up the production of the materials to a multi-kilogram scale to enable 

comprehensive continuous performance testing with moving bed facilities. 

o Based on the pilot-testing results, to assess the maximum sorbent regeneration 

energies or energy penalties achievable, using our previously established 

methodology 

Aim and Objectives



▪ Characterization of PIR-derived carbons 
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▪ Extremely microporous

▪ Narrow ultra-

microporosities 0.37, 

0.53 and 1.2 nm

▪ Compaction led to an 

increase in the ultra-

micropore volume

▪ Highly interconnected 

porous macro-structures

▪ New densely textured 

carbon networks

▪ Slit-like ultra-micropores 

PIF-derived carbon for CO2 capture



▪ CO2 adsorption performance

PIF-derived carbon for CO2 capture



▪ The role of surface functionality

Ultra-

microporosity

was similar

P81_2T 

10.09 at% 

2.13 at%

Intercalated K 

Soxhlet 

extraction

S
o

x
h

le
t 

e
x
tr

a
c
ti

o
n

S
u

rf
a

c
e
 p

o
te

n
ti

a
l

3D topography image Surface potential distribution 

PIF-derived carbon for CO2 capture

water-washing 
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Scale-up production of PIF carbon



Foam

N-doped Foam

Adsorption: 25 oC, 15% CO2 in N2

▪ CO2 adsorption performance

Plastic waste–derived carbons



▪ Waste-to-activated carbon 
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