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Introduction

Material Synthesis: PEI is functionalised with different additives and cross-

linked by epoxy resin DER-332 using an amine:epoxy ratio of 40:1 for each. 

Optimising sorption capacity is an important factor in developing

solid carbon dioxide (CO2) sorbents. These frequently feature

polyamines impregnated into silica, which contributes unproductive

weight. This work presents new sorbents based on the cross-linking

of polyethyleneimine (PEI) by epoxy resin, rendering a support

redundant. It has been proposed that hydrophobic functionality is

advantageous to cross-linked PEI sorbents,1 and this concept is

explored via functionalisation of the polyamine prior to cross-linking.

This research opens up an exciting new direction in pure organic

‘self-supported’ carbon capture materials.

Figure 1. TGA-CO2 sorption behaviour of all samples. Capacity

of all functionalised samples exceeds that with no additive

(0.100 mg/mg, 2.27 mmol CO2/g). BC shows maximum sorption

of 0.195 mg/mg, 4.43 mmol CO2/g.

Conclusions
A pure organic CO2 sorbent has been produced which, when functionalised,

it’s CO2 sorption can be increased by 30 - 95 %. The functionalised samples

show faster CO2 sorption than that with no additive, and have a lower

optimum sorption temperature. The hydrophobic nature of the additives is

believed to help expose the amines, and their additional bulk disrupts the H-

bond network between amines and bound water, facilitating CO2 sorption. The

material functionalised with the branched chain hydrocarbon (BC) shows the

highest capacity at 0.195 mg/mg, 4.43 mmol CO2/g at 90 °C and 1 bar CO2. It

also shows high CO2 selectivity from a dilute CO2 source, and is highly

regenerable, with a working capacity of 9.5 wt% CO2 over 29

sorption/desorption cycles. This material shows promise as an effective,

efficient and economical post-combustion CO2 capture material.

1. E. Andreoli, E.P. Dillon, L. Cullum, L.B. Alemany, A.R. Barron, Sci. Rep. 2014, 4, 7304

DER-332

PEI Additives

Time (mins)

C
O

2
s
o

rp
ti

o
n

 (
m

g
/m

g
) CO2 Uptake at 90 °C, 1 bar CO2

LC

BC

FL

AR

SC

Figure 4. CO2 sorption and desorption cycling (wt%) for BC at 1 bar under

simulated flue gas. Sorption occurs under a 10% CO2/N2 gas stream at 90 °C and

desorption under pure CO2 at 155 °C, utilizing a temperature swing process for

regeneration. The working capacity is consistently 9.5 wt% CO2 over the course of

29 cycles despite some sample mass loss.

Functionalisation 

with Additives

CO2 sorption of BC under 10%CO2 in N2

Figure 2. TGA-CO2 sorption (wt%) of all samples from 40 -

150 °C (0.1 °C/min, 1 bar CO2). The functionalised samples

reach a maximum CO2 uptake at a lower temperature

(optimum sorption temperature), and except for SC, they have

a higher uptake than the sample with no additive.

Figure 3. Optimum sorption

temperature of samples at 1 bar

CO2, based on Figure 2.

CO2 uptake under continuous temperature ramp, 1 bar CO2

CO2 Sorption Studies

100% CO2

10% CO2/N2

G
as


