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S 317 (mesopore)2] MCM41¢] Imidazoles BAAIZ] CP-MS41 124 k] FmllE ARSI GMA £
COE FTAIA CO0 F57I7-25E GMAS} CO8l WHHEES 13t ti7|stelA 3 F53E AHE
3lod oJsAlg| o] wHkEE, 50 rpm, E, 2 g, HH21E, 60, 70, 80 °C, GMAS] 5%, 0.1~3.0 kmol/m®, &4, DMA,
NMP, DMSO®IA S48t CO,8 Fr&s) el st EA7A A& AREsto] RESEEATE 73813t

Abstract — Carbon dioxide was absorbed into GMA solution in a stirred flat cell using mesoporous catalyst Imidazole-
CP-MS41, which was synthesized by CP-MCM41 with imidazole. Experiments were carried out at a batch-type absorber
with different conditions, varying reaction temperature, concentration of GMA, solvent but maintaining 50 rpm of agitation
speed and 2 g of catalyst. Absorption rate of CO, was used to obtain the kinetics based on the film theory using zwitterion
mechanism with 2 elementary reaction and the kinetics were correlated with the solubility parameter of the solvents.
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Fig. 1. XRD pattern for solid particle (a: CP-MS41, b: IDBE-CP-
MS41).
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Fig. 2. FT-IR spectrum of cyclic carbonate from GMA and CO,.
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Fig. 3. Schematic diagram of the stirred cell absorber.
1. Saturator 5. Buffle
2. Gas supply vessel 6. Water bath
3. Reactor 7. Digital pressure gauge
4. Magnetic stirrer 8. Vacuum pump
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Table 1. Physical properties in the CO,/GMA system 2.0
T C 5P Do k0 symbol | solvent
Ai H AS BS Lo [e) DMA
®) SoVent qinolm’)  (P)  (m¥s)  (m¥s)  (mhs) A | o
DMA 0056 0594  3.921 1.510 3.990 _ O | pmso
333 NMP 0059 0854 3283 1.264 2.699 E
DMSO 0053  1.082  2.489 0.959 2.630 e
DMA 0049 0521 4407 1697 4.605 2 T
343 NMP 0059 0691  3.895 1.500 3.026 <
DMSO 0052 0761 3241 1.248 3.136 =
DMA 0038 0468 4872 1.876 5117 <
353 NMP 0058  0.603  4.389 1.690 3275 i~
DMSO 0052 0498  4.424 1.704 3.862 2 10f
&)
S
Table 2. Experimental data in the CO,/GMA system w
T Cao B ke 107 kppx 10°
Solvent v (kmolm®) (cP)  (mis)  (ms) Poxp Peal
0.1 0598 3978 4502 1132 1.106
0_5 1 1 1 1 1
SRR 0628 3892 7673 1972 1.887 00 03 o S o >3 2o
2.0 0656 3817  9.633 2523 2437 \
30 0695 3721 10787 2899 2822 Cg, (kmol/m’)
0.1 0.523  4.598 5.422 L179  1.145 Fig. 4. S,Cy /ko vs. Cp, in various solvents at 333 K.
1.0 0531 4567 9984 2186 2.087
DMA 343
20 0543 4522 12467 2757 2.669 Table 3. Reaction rate constants of the reaction between CO, and
3.0 0552 4489 13943  3.106 3.035 GMA
0.1 0470 5.108 6377 1248 1203 TK) Solvent Ko 102(1ms) K, (mkmol)
353 10 0484 5041 12416 2463 2355 DMA 0520 0182
2.0 0.507 4939 15099 3.057 2.976 333 NMP 0.808 0.120
3.0 0528 4850 16471 339 3.336 DMSO 0.961 0.105
0.1 0861 2689 3360 1250 1.184 DMA 0572 0272
SRR 0923 2607 7070 2711 2.459 343 NMP 0.891 0.170
2.0 0992 2525 9202  3.644 3376 DMSO Lo21 0.144
3.0 1.061 2451 10515 4290 4.040 DMA 0,626 0395
0.1 0.696 3.016  4.067 1348 1238 353 NMP 0,948 0.230
wp 33 0 0743 2930 9249  3.157 2.791 DMSO 1079 0.193
2.0 0.795 2.843 11909 4.189 3.838
3.0 0.847 2764 13450 4.866 4.560
0.1 0.609 3260 4792 1470 1293 S,Cp/k, 2 Fig. 40 AT}
53 10 0.663 3.140 11398 3.630 3.130 Fig. 414 & 5= ¢)i= wjg} o] dlojEl= e 2 niEsiglon,
ig 273 ;g? 14312 4‘141 4(3)82 2 19| 71879} AHOZRE ko) K& Tt e Lol
0.1 1‘384 2‘62273 35i62 ?2(5)2 ?160 T ks, K2 74 Table 39 HERAZ.
’ ’ ’ ’ ’ ’ HES (i)e 3k 3A3) oA = F517] olske] 7 Lafjolx
10 L108 2602 6380 2455 2983 3 (i)2] kf’;l i3t FA3} WA E F3817] Slske] 2 Buljell A
= ) .
20 1134 2575 Q457 3284 3.09 k= Arrhenius FENZ EAIE1] Fig. 50 YERAGITE.
3.0 1160 2550  9.841  3.860 3.682 Fig. 5914 & 4= Sl wkel o] dlolel= AddAAIS 0.995
0.1 0763 3.132 3968 1267 1201 odellA AHE g o, Ao 77|25 E B/3s) o
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2.0 0793 3.079 11297 3.669 3.434 UA= 742} 9.0, 6.6 2 5.7 ki/molo] It
3.0 0.809  3.052 13.023 4267 4.057 L7} ML) w|x)= k] #eF AT 5204 HESEE )
0.1 0498 3.863 5155 1335 1240 goje] S w G ARRARIPE STk T4 ko
353 10 0.500 3.856 11734  3.043 2750 K DMA. NMP DMSO2] S35 HiMEIZ-1301. 182, 23.1. 24.6
20 0502 3851 15323 3979 3711 BERTSE o= ”T_[ l 182, 23.1, 24.
30 0504 3842 17539 4565 4342 (U)ol efsto] b chstizel] Alstel Fig. 60l eI,
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Fig. 5. Arrhenius plot of the CO,/GMA system in the various sol-
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Nz =
A :CO,
B :GMA
C, :complex compound as defined in reaction(i)
C  :cyclic carbonate as defined in reaction(ii)
C, :concentration of species i
C, :solubilities of CO, in absorbent[kmol/m?]
Cp, :initial concentration of B

C, :concentration of C;

D, :diffusivity of species i[m?/s]

H, :Henry law constant of Alkmol/m>-atm]

k;  :mass transfer coefficient of CO, in absorbent[m/s]

: pseudo 1st order reaction rate constant[1/s]

k, :forward reaction rate constant in reaction (ii)[m>/kmols]

k, :backward reaction rate constant in reaction (ii)[1/s]

k;  :reaction rate constant in reaction (iii)[m?/kmol-s]

K, :chemical reaction equilibrium constant of GMA[kmol/m?]

: initial concentration of COz[kmol/m3]

N, :mass transfer rate of CO, at gas-liquid interface with chemical
reaction in continuous phase[kmol/m>ss]

QX :catalyst

S, :total surface area of catalyst[m?]

Jzjoja 22Xt

B : enhancement factor

1 :viscosity of solvent[Pa-s]
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