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CO2 as a feedstock 

Carbon Capture Utilization1
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Carbon membranes

Advanta-
ges

Easy to manufacture

Offer molecular sieve separation effect

High permeance 

Work in conditions where polymeric membranes 
are not stable
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Nanofillers

ICCMR 17
26th  – 29th October

Permeance

Selectivity

Stability

Adsorption 
sites
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Membrane fabrication
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N2

550°C

Dipping solution:
Novolac 13-20%

Alumisol
Ethylendiamine
Formaldehyde
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TEM
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Water-selective 
CMs

Novolac 13% Viscosity: 37,9 cP

Novolac 15% Viscosity: 77,2 cP

Novolac 20% Viscosity: 160,11 
cP

Alumisol 0,7%

Viscosity directly related to the 
polymer load
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Dry gas test
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Viscosity improves permeance values
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∝ ⁄𝐴𝐴 𝐵𝐵=
⁄𝑦𝑦𝐴𝐴 𝑦𝑦𝐵𝐵
⁄𝑥𝑥𝐴𝐴 𝑥𝑥𝐵𝐵

Binary gas tests

Equation 1

Where: 
∝𝐴𝐴/𝐵𝐵= separation factor 
(𝑥𝑥𝐴𝐴/𝑥𝑥𝐵𝐵)= mole fraction of components A and B in the feed phase
(𝑦𝑦𝐴𝐴/𝑦𝑦𝐵𝐵)= mole fraction of components A and B in the permeate phase 
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℘𝐻𝐻2𝑂𝑂 =
(𝑤𝑤𝐻𝐻2𝑂𝑂,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 )(𝑀𝑀𝑤𝑤,𝐻𝐻2𝑂𝑂

−1 )
(∆𝑡𝑡)(∆𝑃𝑃𝐻𝐻2𝑂𝑂)(𝐴𝐴𝑚𝑚)

∆𝑃𝑃𝐻𝐻2𝑂𝑂 = (𝑦𝑦𝐻𝐻2𝑂𝑂,𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) 𝑃𝑃𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 − (𝑦𝑦𝐻𝐻2𝑂𝑂,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝)(𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝)

Where: 
℘𝐻𝐻2𝑂𝑂 = water permeance
𝑤𝑤𝐻𝐻2𝑂𝑂,𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 = weight of water collected from the permeate
𝑀𝑀𝑤𝑤,𝐻𝐻2𝑂𝑂
−1 = H2O molecular weight 

∆𝑡𝑡= time span for water collection
∆𝑃𝑃𝐻𝐻2𝑂𝑂= H2O partial pressure across the membrane 
𝐴𝐴𝑚𝑚= active surface area

Where: 
∆𝑃𝑃𝐻𝐻2𝑂𝑂= H2O partial pressure across the membrane
 𝑦𝑦𝐻𝐻2𝑂𝑂= molar fraction of H2O 
𝑃𝑃 = pressure

Water permeance
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Equation 3
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H2O/CO
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-OH functionalized CMs improves 
hydrophilicity and H2O separation 
trough a dipole-dipole and hydrogen 
bonding

Highly soluble but kinetically trapped on

 –OH walls 
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H2O/CO2

ICCMR 17
26th  – 29th October

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

150 170 190 210

Se
pa

ra
ti

on
 fa

ct
or

Temperature (°C)

Gas molar fraction (0,25)

Novolac 13% Novolac 15% Novolac 20%

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

150 170 190 210
Se

pa
ra

ti
on

 fa
ct

or
Temperature (°C)

Gas molar fraction (0,5)

Novolac 13% Novolac 15% Novolac 20%

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

150 170 190 210

Se
pa

ra
ti

on
 fa

ct
or

Temperature (°C)

Gas molar fraction (0,75)

Novolac 13% Novolac 15% Novolac 20%

At higher gas concentration, 
better separation factor.

For one dipping, maintain a high 
viscosity is important

CO2 adsorption is 
moderate but diffusivity 
higher
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H2O/H2
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Higher viscosity confers a better SF 
even at higher temperatures.

Higher gas molar fraction helps the H2O 
to diffuse into the pores.
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∝ ⁄𝐴𝐴 𝐵𝐵=
⁄𝑦𝑦𝐴𝐴 𝑦𝑦𝐵𝐵
⁄𝑥𝑥𝐴𝐴 𝑥𝑥𝐵𝐵

Recalling SF calculation

Equation 1

Where: 
∝𝐴𝐴/𝐵𝐵= separation factor 
(𝑥𝑥𝐴𝐴/𝑥𝑥𝐵𝐵)= mole fraction of components A and B in the feed phase
(𝑦𝑦𝐴𝐴/𝑦𝑦𝐵𝐵)= mole fraction of components A and B in the permeate phase 
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Where: 
∝𝐴𝐴/𝐵𝐵= separation factor 
(𝑥𝑥𝐴𝐴/𝑥𝑥𝐵𝐵)= mole fraction of components A and B in the retentate phase
(𝑦𝑦𝐴𝐴/𝑦𝑦𝐵𝐵)= mole fraction of components A and B in the permeate phase 
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Benchmark vs TU/e CM
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H2O/CO2
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Conclusions

 Increasing the Novolac % improves CM’s performance.

 Separation factor deplores for binary gas test at high temperatures ( 225°C)

 Hydrogen has the lowest separation factor due to its similar kinetic diameter to water. 

 Better membrane achieved compared the benchmark. 
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Future steps:

 Permporosimetry studies 

 Vary the carbonization temperature

 Mixed gas test studies

 Reproduce best membrane.
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