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Abstract — Primary and secondary amine-based sorbents were synthesized to investigate the operation capacity for the
carbon dioxide separation TSA process. (3-Aminopropyl) triethoxysilane was used as a primary amine precursor as a
crosslinking agent to synthesize a secondary amine precursor in which amine groups were crosslinked with a
crosslinking agent. Carbon dioxide absorbed by primary amines is completely separated above 170 °C. The working
capacity of the primary amine absorbent was less than 2% when regenerated at 130°C. The secondary amine absorbent
has a higher carbon dioxide separation capacity at a lower regeneration temperature than the primary amine absorbent.
The secondary amine absorbent could predict process operation performance of about 6.5% with 2% carbon dioxide
absorption and 100% carbon dioxide regeneration conditions. Therefore, it was found that the working capacity of the
secondary amine absorbent was higher than that of the primary amine.
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Fig. 1. Formation of secondary amine derived silicate 1,2-DCE as a crosslinking agent [11].
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Table 1. BET Surface analysis of 2" amine complex according to cross-

linkers

Cross-linker Surface Area (m?/g) Pore Volume (cm?/g)

1,2-Dichloroethane 18.286 0.0844

1,4-Dioxine 20.729 0.0711

DMM 10.647 0.1564

TCP 150.470 0.5498

DMM 38.635 0.1132

TMOF 20.174 0.0889

Transmittance(%)

4000 3000 2000 1000
Wave number(cm™)

Fig. 2. FT-IR spectrum of 2" amine sorbent according to cross-
linkers.
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Fig. 3. Deactivation characteristics of primary amine sorbent accord-
ing to exposure temperature in air.
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Table 2. The amount of carbon dioxide adsorbed according to the
temperature increase and decrease trend according to
carbon dioxide concentration

CO, adsorption amount (wt.%)
15% CO, 100% CO,

Increase Increase
12.63 14.54
12.94 14.76
13.11 14.51
12.90 13.96
12.19 13.08
10.69 11.74
7.39 9.61
5.31 8.18
4.19 7.00

Temp.
(©)
40
50
70
90
110
130
150
160
170

Decrease
14.02
13.79
13.24
12.59
11.56
10.30
8.81
7.01
4.80

Decrease
11.11
11.00
10.78
10.32
9.44
8.06
6.03
4.64
3.00
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Fig. 4. Cyclic separation operation test results of primary amine
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Fig. 10. Thermal stability of cross-linked secondary amine adsorbents (cross-linker DCE).

Korean Chem. Eng. Res., Vol. 61, No. 4, November, 2023



opl Xpaof] ks A] FA9) o AbstRA: EE] 54

625

90

180 [ =
r 80 |
160 [ L
[ 70
140 [ r
ke 60
’_‘120? 5
~ [ C
S0 - £ 40
© [ B
& . T 3|
g 80 - o 3
o rS r
= I T 20F
60
[ 10 [
a0 [
- 0_.
2 - 10 F
L [ e
L oo by b b by b b b by b b by b Lo
0 20 40 60 80 100 120 140 160 180 200 220 240
Time (min)
(@) 1% amine structure
C [ Eo
r 200 |
180 | E
[ 180 |
160 - 160 |
r 140 F
140 | r
L 120 [
— 120 [ 100 |
Q oo .
3100—; C
g :2 60_—
E ol & wf
§ 9 w :
[ [ £ E
T 2F
60 E
[ o E L
a0 [ 20 F
B 40
20 E
[ -60_—
L F e
0L _So‘lnnulnnnlnn«lnnn PO IS SR TR SRR (NN TN ST TR N SR ST S NN ST S SN N | - P |
0 20 40 60 100 120 140 160 180 200 220
Time (min)

(B) 2™ amine structure

Fig. 11. Regeneration rate measurement using differential scanning calorimetry (adsorption 1% CO, (Helium balance), regeneration : Helium).
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