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Abstact — Most of combustion processess used in industries require recovering or removing flue gas components.
Recently a new MBA (moving bed adsorption) process for recovering CO, using zeolite 13X was developed. In this
study, adsorption experiments for carbon dioxide, nitrogen, sulfur dioxide, and water vapor on zeolite 13X were carried
out. Adsorption equilibrium and adsorption rate into solid particle were investigated. Langmuir, Toth, and Freundlich
isotherm parameters were calculated from the experiment data at various temperatures. Experimental results were con-
sistent with the theoretically predicted values. Also CO, adsorption amount was measured under the conditions with
impurities such as SO, and H,O. Binary adsorption data were well fitted to the extended Langmuir isotherm using
parameters obtained from pure component experiment. However, H,O impurity less than, roughly, ~10 H,0 mol/g zeo-
lite 13X enhanced slightly CO, adsorption. Spherical particle diffusion model well described experimentally measured
adsorption rate. Diffusion coefficients and activation energies of CO,, SO,, N,, H,O were obtained. Diffusion coefti-
cients of CO, and SO, decreased with small amount of preadsorbed impurity. Parameter values from this study will be
helpful to design of real commercial adsorption process.
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Table 1. Properties of Zeolite 13X
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area density  density  density porosity  porosity
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Fig. 1. Comparison of H,0, SO,, CO, and N, adsorption isotherms at
303.15 K.
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(K] q, [mol/kg] b [1/bar] k [mol/kg-bar]  n[In (1/bar)] m [mol/g-bar] b [1/bar] t [exponent]
303.15 5.92 4.2296 4.79 2.4557 6.06 0.2501 0.9442
318.15 5.07 3.8808 3.98 2.4006 5.11 0.2624 0.9811
CO, 333.15 5.09 2.5554 3.63 2.0334 5.06 0.3877 1.0119
348.15 4.40 2.0700 291 1.9032 4.13 0.4458 1.1201
363.15 4.05 1.5120 2.40 1.7006 4.05 0.6614 1.0001
303.15 7.50 6.1532 6.43 2.7034 7.51 0.1634 0.9958
318.15 7.13 5.5983 6.02 2.6318 7.15 0.1806 0.9907
SO, 333.15 6.39 5.5467 5.38 2.6445 6.35 0.1769 1.0161
348.15 5.70 5.0463 4.70 2.5902 5.73 0.2012 0.9863
363.15 5.24 4.2051 425 2.5204 5.21 0.2115 1.0161
303.15 2.64 0.1179 0.28 1.0845 0.99 8.24760 1.7617
318.15 2.83 0.0867 0.22 1.0637 3.34 11.5976 0.9402
N, 333.15 2.36 0.0898 0.19 1.0647 1.03 10.8569 1.4873
348.15 224 0.0858 0.18 1.0630 0.87 11.3835 1.5866
363.15 2.26 0.0791 0.16 1.0584 1.11 12.4424 1.3645
303.15 14.7 73.1839 91.2 1.6809 930 0.6319 0.1741
318.15 12.9 62.0605 68.6 1.7185 338 0.5414 0.2043
H,0 333.15 10.5 88.2324 28.3 2.5075 9.40 0.0253 1.3696
348.15 8.70 69.5649 16.2 2.9990 8.34 0.0776 1.1686
363.15 6.90 69.5650 13.0 2.8891 6.67 0.0746 1.1643
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Table 3. Adsorption heat and activation energy of Langmuir isotherm
parameters in Zeolite 13X

bo[bar] —AH,,[Vgmol] _qglgmol/g] —E,,, [Vgmol]

CO, 0.0072 16291 6.67x10™ 5489.9
SO, 0.0805 10872 8.01x10™ 5705.4
N, 0.0146 5034 7.27x10™ 33552
H,0 0.1071 16747 1.66x10™ 11418
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Table 4. Diffusivites of pure components adsorption (x 10 cm?%/s)
Temp. (K)  303.15 318.15 333.15 348.15 363.15
CO, 2.044 2.643 3.643 4.743 6.843

SO, 1.504 2.143 2.843 4.043 5.974
N, 5.501 7.643 10.64 16.45 24.45
H,O 1.004 1.643 2.243 2.904 3.974

Table 5. Activation energy of diffusivity
D, [x10° cm?/s]
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Fig. 11. CO, EL isotherms with different temperature at SO, impu-
rity 0.83x10™ mol/g.
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Fig. 14. SO, EL isotherms with different quantity of CO, impurity
at 303.15 K.

Table 6. Diffusivity of CO, with SO, impurity (x10" cm?%s)

Temp. SO, impurity quantity (x10™ mol/g)

(K) 0 0.83 1.67 333
303.15 2.044 2.110 2.300 1.760
333.15 3.643 3413 2.811 2.699
363.15 6.840 6.981 4.981 4417

8

A303.15K 0O333.15K 0363.15K

0 035 1 13 2 23 3 35
SO, impurity (%10 mol/g)
Fig. 15. Diffusivity of CO, with SO, impurity.

Table 7. Diffusivity of SO, with CO, impurity (x10° cm?%s)

Temp. CO, impurity quantity (x10™ mol/g)

(K) 0 0.83 1.67 3.33
303.15 1.504 1.540 1.322 1.152
333.15 2.843 2.745 2.441 2.163
363.15 5974 5.832 5.148 4411

et 80,0 S £33 FabAl4=(D)E Table 78} Fig. 16
oA 2 4= 9t} 80,2 FAAIG A €O, EFES] o] B
= ZhAste] Wl ago] viseabAl YRt

l

4-2-3. H,0 &4 slollA] co, 52588

Gkt AaE o] Yo w7kl ko] o ® 29
Hoh FE2 AlETel E AE Y] F2 Ao el sl o
sl tigh FHES ol 2R w7}~ 0] PSALF TSA %
Aol oA &3] A e] T2 FAA A7 olul H,0 A1A7F

Korean Chem. Eng. Res., Vol. 54, No. 6, December, 2016

Sl
8
\lé 6 ;....................9
R L
.................... @
D 4
OFeerecenncnnnnnina, Hevrrrainnnininrnna,,
i L LT I3}
................... L
A Bttt A
4303.15K D0333.15K 0363.15K
0
0 0.5 1 L5 2 23 ’ 32

CO, impurity (x10* mol/g)
Fig. 16. Diffusivity of SO, with CO, impurity.
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Fig. 17. CO, EL isotherm with different quantity of H,O impurity at
303.15K.
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Fig. 18. CO, EL isotherm with different quantity of H,O impurity at
318.15 K.
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Fig. 19. CO, EL isotherm with different quantity of H,O impurity at
333.15K.
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4-3. Isosteric heat of adsorption
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Fig. 20. Isosteric heat of adsorption for various adsorbates on Zeo-
lite 13X.
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