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Characterization
Considerable efforts were given in the past decade to develop physical and
chemical methods capable of CO2 capture and storage. CO2 capture can be
improved by the introduction of a functional group with CO2 affinity inside a
nanoporous structured material, for example amine groups. Basic amine
groups inside the structure of a nanoporous support can create a composite
material with preference in slightly basic CO2 adsorption. These amine
groups can be incorporated by direct functionalization or posterior synthesis
through impregnation or grafting. In the latest years many reviews about
carbon capture and separation had been published. Some reviews give us an
overview about the progress of the subject. Others reviews related to carbon
capture on adsorbent solids, metal-organic frameworks, MOFs, ionic liquids,
chemisorbents, and amine-functionalization of nanoporous materials,
specifically silicic nanoporous materials.
Graphene doping with nitrogen can show a selective CO2 adsorption and a
potential industrial application. The graphene oxide is functionalized with
amine groups, from polyethyleneimine (PEI) and 3-
aminopropyltrimethoxysilane (APTMS). Also, its carbon dioxide capture
capacity is evaluated.
The incorporation of these amine groups (-NH2-, –NH-) has been already
studied on other porous or big surface materials, like silicic materials (MCM-
41, SBA-15, silica gel…), related to its CO2 chemisorption capability. This
chemisorption is a reversible reaction between CO2 molecules and the amine
groups of the amino-functionalized graphene oxide surface for the formation
of carbamates. This and the intrinsic characteristics of graphene oxide makes
this graphene oxide functionalized with amine a possible adsorbent in
carbon capture.
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Polyethyleneimine (PEI) and 3-aminopropyltrimethoxysilane (APTMS)
incorporation on the graphene oxide surface results in amino-functionalized
materials able to capture CO2. The thermogravimetric analysis (TG) and the X-
ray photoelectron spectroscopy (XPS) indicate a change of nature in the
materials. This change is due to the amine-functionalization of the graphene
oxide surface.
CO2 adsorption isotherms of the amino-functionalized samples show an
improvement in CO2 chemisorption regarding GO sample. The high molecular
weight PEI incorporation increases the CO2 capture capacity more than when
the low molecular weight PEI is used. The efficiency in the amine groups
activity is higher in the APTMS functionalized materials. The CO2 accessibility
in branched PEI functionalized materials is more difficult because of steric
restrictions. These steric restrictions are less significant in the high molecular
branched PEI sample, due to the more open structure.
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Figure 1. TGA of GO, GO-APTMS (left) and GO-PEI (right) samples.

Figure 4. GO, GO-APTMS CO2 adsorption isotherms (left); GO,GO-PEI CO2 adsorption isotherms (right).

CO2 adsorption characterization 

Thermogravimetric analysis

Samples Carbon Oxygen Nitrogen Silicon C/O ratio

GO 77.2 20.1 - - 3.84

GO-APTMS1 72.6 14.9 5.8 6.7 4.87

GO-APTMS2 74.0 14.1 5.5 6.3 5.25

GO-PEI1 83.8 9.3 6.9 - 9.01

GO-PEI2 84.7 8.9 6.4 - 9.52

GO-PEI3 79.6 7.5 11.9 - 10.61

Table 1. Elemental samples composition (atomic %) by XPS.

Samples
CO2 capture capacity at 25ºC  (cm3/g)

at 1 atm at 0,1 atm

Amine loading    

(mmoles N/ g)

Amine efficiency

(CO2/2N)

GO 4.19 2.51 - -

GO-APTMS1 38.34 17.64 4.21 0.82

GO-APTMS2 38.68 15.70 4.02 0.86

GO-PEI1 20.17 10.98 5.52 0.32

GO-PEI2 15.52 8.15 5.13 0.28

GO-PEI3 55.30 33.08 9.58 0.52

MCM-41 20.7 2.1 - -

MCM-41-APTMS 39.1 29.4 3.57 0.98

MCM-41-PEI 18.1 11.9 13.44 0.12

Table 2. CO2 capture capacity of the samples studied and compared to silica aminofunctionalized samples.

X-ray photoelectron spectroscopy (XPS)

Figure 2. a) C 1s decomposed spectrum of GO sample, b) C 1s decomposed spectrum of GO-APTMS1 sample.

Figure 3. a) N 1s decomposed spectrum of GO-PEI2 sample, b) N 1s decomposed spectrum of GO-APTMS1
sample.

Graphene oxide amino-functionalization
Synthesis of GO-APTM. A suspension of 0.200g of graphene oxide (GO) in 40ml of ethanol
and 2ml of water was prepared. Then, the suspension was sonicated. Subsequently, 200µL of
APTMS were added. The reaction takes place under stirring at room temperature for 3h.
Finally, the mixture was filtered and washed. The resulting solid was dried at 60°C. This
sample is name as GO-APTMS1. This process was repeated to prepare a second sample, GO-
APTMS2, where 600µL of APTMS were used.
Synthesis of GO-PEI. The PEI solution and EDC solution were added to the graphene oxide
suspension. The mixture was kept under stirring for 24h. The mixture was filtrated and
washed with a water solution of 10% of NaCl and 10% of urea. The resulting solid was dried
at 60ºC. This sample is name as GO-PEI1.Solution of 1.500g low molecular weight PEI in
100ml ethanol via bath sonication was prepared. After, to create a basic media, 300µL of
trimethylamine were added to the mixture. A suspension of 0.150g of graphene oxide in
100ml of water was prepared. This suspension was sonicated. Then, both solution were
mixed together and heated to reflux in continuous stirring for five days. Finally, the mixture
was filtered and washed with distilled water and ethanol. The resulting solid was dried at
60°C. This sample is name as GO-PEI2.This process was repeated to prepare a second
sample, GO-PEI3, where a high molecular weight PEI was used and the PEI solution was
0.750g PEI in 100ml ethanol.
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