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Abstract

In this study, the guanidine compound, 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) was impregnated to three kinds of silica to
prepare CO, adsorbents, and the CO, adsorption and physicochemical properties of the resulting adsorbents were investigated.
The TBD amount of impregnation was changed and its effect on adsorption capacity and characteristics were studied. The
physicochemical properties of TBD-impregnated silica were evaluated with N, adsorption/desorption, FT-IR, elemental analy-
sis, and thermogravimetric analysis. The TBD-impregnated silica lowered the surface area and pore volume, and the increased
impregnation amount of TBD made them further decrease. When TBD was 6 mmol/g, the CO, adsorption capacity was the
highest at 7.3 wt%, and the adsorption capacity decreased due to the blocking phenomenon when the TBD amount increased.

Keywords: 1,5,7-triazabicyclo[4,4,0]dec-5-ene, guanidine, CO; adsorption

LN B

AFGBIE ASE 2ATEA HljFo] TSRl whet 7] sl ojst
X A AR o R FFE A H3uth 247k F 7}7&} ]
Zo X]—X]o COy= A7-2dstol] 60% ol JdS Fr=
CO, W& A8k Ao & 7|1 5wRistol dlde “o“ﬁ
tH1]. ©]H3t CO,E XA (capture) st | ©]F V|2 WEeHA] ¢
Z]2](sequestration) "= #]7(storage) = 71?0 CCS (carbon capture
and storage):= CO; A7H& 918t 84 7]zo|oh2]. 1% A4 § 27

L
a3l Qe

7]4:£ §]./Hoﬂeg] AALF o]sﬂ m—/ga]. HH7].Aoﬂ ES]—E]O_] Q= CO,
2 PSR 716 A7) 7ME golsiti). A4 F o, 315 3
el 4, 214, el A So) ok

A G nastel A5k s gom, Co, FHA

T Corresponding Author: Kongju National University,
Department of Chemical Engineering, Chungnam, 31080, Korea
Tel: +82-41-521-9364 e-mail: ysko@kongju.ac.kr

pISSN: 1225-0112 eISSN: 2288-4505 (@ 2017 The Korean Society of Industrial and
Engineering Chemistry. All rights reserved.

473

= sk 2REE oUAE AaAd 5 ok A4 2
ARY 7571 stel B = FHAlE =2 CO, 33 2] S5
7F ke, FHAS] Adgo] golgh AHe 7L ATk {477 St
HEIE_ FAAE AFshs W o' oplat HA Afo]o] skelA A
< A7 1EkE"H(grafting) 7 71 Wl B4R 7)53E 219
= &35 (impregnation)©] SIth. 2P RS 5 Aol oJF] A4
2 g oy opl ke Srkeke AR 2 Co, F&5= 7
A7) offiet mhd e gl ol VlsEe Thesh we
CO, F2e< Yehd o SMth4]. 1efzeyel] o8- tliEsel
oll EZ=Z = (3-aminopropyl)trimethoxysilane, N-[3-(trimethoxysilyl)

propyl]ethylenediamine, N ! -(3-trimethoxysilylpropyl)diethelenetriamine
I AE A o] A5 el AMEEE 425 PH
(Polyethylenimine), DBU (1,8-diazabicyclo[5.4.0Jundec-7-ene), DBN
(l,5-diazabicyclo[4 3.0]non-5-ene) ] 2ATH6-8]. DBUS DBNS| 74
= 7, ARl ARE 5= IEH9). Amidine &

A== 3| 61—_0_ E H 7—]/5} CO, X]aﬂtﬂ- ELL7}‘

< amidine -3

A TRA FHe

= T \H 1=
SItH10]. Park 5= amidine 522 o FALO| =9} WSS et T
CO, 525 A3y O]-S’gi\:]-[ll]. Amidine¥} FAF FZE 7} guani-



474 S

Table 1. Structure of the Amine, Amidine, and Guanidine
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Table 2. Textural Properties of Supports
Supports Sper (m’/g)* V, (em’/g)” D, (nm)°
n-silica 307 1.78 18.5
NPS-2cal 699 1.78 12.9
NPS-1 877 0.89 4.0
“Surface areas determined by the BET method at P/P, = 0.05-0.20.
"Total pore volumes determined as the amount of N, adsorbed at P/P, = 0.99.
“Pore diameters determined by BJH method.
Controller (ATOVAC, GMC 1200)2 o]g-3l 2513tk COo 5 53
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Figure 1. FT-IR spectra of TBD-impregnated sorbents.
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Table 3. Textural Properties and CO, Sorption Capacity of TBD Impregnated Silica

Samples TBD content (mmol/g)* Sger (m/g)° V, (em’/g)’ CO; sorption (wt%)
n-silica - 307 1.78 -
TBD6/n-silica 3.15 77 0.51 6.4
NPS-2cal - 699 1.78 -
TBD6/NPS-2cal 2.81 80 0.56 73
NPS-1 - 877 0.89 -
TBD6/NPS-1 3.36 3 0.01 0.5

“TBD content determined by Elemental Analysis.
"Surface areas determined by the BET method at P/P, = 0.05-0.20.
“Total pore volumes determined as the amount of N, adsorbed at P/P, = 0.99.
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Figure 2. N, adsorption/desorption isotherm at 77 K and the pore size
distribution of samples; (a) n-silica (b) NPS-2 cal and (c) NPS-1.
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Figure 4. CO, adsorption kinetics of TBD-impregnated sorbents.
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Figure 5. N, adsorption/desorption isotherms at 77 K and the pore size
distribution of sorbents.
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Table 4. Textural Properties and CO, Sorption Capacity of TBD Impregnated Sorbents Using NPS-2cal
Samples TBD content (mmol/g)" Seer (m’/g) V, (cm’/g)’ CO; sorp. (wt%)
NPS-2 cal - 699 1.78 -
TBD2/NPS-2cal 1.28 231 1.05 3.1
TBD4/NPS-2cal 2.05 126 0.76 6.3
TBD6/NPS-2cal 2.81 80 0.56 7.3
TBDS8/NPS-2cal 2.96 59 0.39 6.7
TBDI12/NPS-2cal 4.17 27 0.18 4.9
“TBD content determined by Elemental Analysis.
"Surface areas determined by the BET method at P/P, = 0.05-0.20.
“Total pore volumes determined as the amount of N, adsorbed at P/P, = 0.99.
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Figure 6. CO, adsorption kinetics of TBD-impregnated sorbents.
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