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Abstract : Two methods were used to enhance the adsorption capacity of activated carbons. One is to impregnate ‘activated carbons with chemical
compounds which have a good affinity for COz The other is to activate by heat-treating after impregnation with KOH on activated carbons(AC). The
chemical compounds impregnated on AC were alkali metal, alkaline earth metal, and transition metal chlorides. The adsorption capacity of COz on AC
impregnated with these metals was less than that of pure AC. These compounds have not the chemical affinity for COz and obstruct the micropore
of AC. The experiment of breakthrough for CO; on AC impregnated with KOH showed the increase of the adsorbed amount of COz in influent gases
containing water vapor. This means that KOH adsorbes CO; gas. However, the adsorbents impregnated with KOH had not the reproducibility because
of the production of K2COs by the reaction of KOH with CO». The amount of COz adsorbed on the heat-treated AC at 800°C increased with the amount
of impregnation. The adsorption capacity of CO; was the largest when the ratio of weight of KOH to AC equal to 4. The isosteric heat of adsorption
was calculated by the equation of Clausius-Clapeyron from adsorption capacity data of CO for the temperature change. In addition, the characteristics
of COz breakthrough curve were surveyed for the change of flow rate and concentration.
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33 SN E T MZE FRAZ AzFed or)d FHFHE=
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1. N2 or CO» cylinder
2. metering valve

3. on-off valve

4. loading cylinder

5. adsorption bed

6. water bath

7. pressure transducer

8. thermocouple

9. vacuum pump
10. computer(AD converter)

Fig. 1. The schematic diagram of static volumetric adsorption
apparatus.

1. N2 cylinder 10. pressure transducer

2. CO» cylinder 11. thermocouple

3. No+CO2 cylinder 12. adsorption bed

4. on-off valve 13. water circulator

5. metering valve 14. computer(AD converter)
6. rotameter 15. gas analyzer

7. water bath 16. three-way valve

8. vaporization cell 17. vacuum pump

9. six port valve 18. Gas Chromatography

Fig. 2. The schematic diagram of the experimental apparatus
for fixed bed adsorption.
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Table 1. Physical Properties of Activated-Carbon(AC) Prepared
with Impregnation and Heat Treatment

KAC heat-treated after

dsorbents| SAC impregnated with KOH [ " "™ won

oure | KOH | KOH || KOH
Properties \_ | anc | LOW | 20M/ | 30W/
SAC | SAC | sAC

pure | KOH/ | KOH/
KAC |[KAC=2|KAC=4

Amount of
impregnation | - 592 | 1213 | 1879 - - -
(wt%)
BET specific
surface area |767.05]556.13 | 441.12 | 322.36 {522.52| 585.90 | 696.62
(m%/g)
Average Pore
Diameter | 2222 | 2850 | 2842 | 2869 |2892| 29.14 | 2846
(A)
Total Pore
volume 048371 0.3963 | 0.3132 | 0.2312 |0.3777| 0.4269 | 0.4957
(ml/g)

Bulk Density

(g/m)) 08645 - 10171 - |08777] - 08582
Apparent .
Density 1.0653] - 1.3027 - 10746 - |1.0408
(g/ml)
Porosity |10.2054] - 102192 - {01626 - 10174

* SAC : Samchully Activated Carbon
KAC : Kaya Activated Carbon
KOH1.0M/SAC : SAC immersed in the solution of KOH 1.0M
and then impregnated with KOH
KOH/KAC=2 : KAC heat-treated at 800C after impregnation with
the ratio of weight of KOH/KAC=2

ooole $AMez Az 4% AS KOHZ 712 849
74718 (micropore)& B @4el 71Q€ AoE BuslEd o
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Fig. 3. The variation of pore area of KAC heat-treated at 800°C
after impregnation of the ratio KOH/KAC=4 with average
pore diameter.

~~~~~~~~ Langmuir-Freundlich isotherm
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® pure Activated Carbon
% m  FeClyAC 1.74%
" & KCIAC 0.83%
v MnCl2/AC 1.22%
+ LiCl2/AC 0.34%
s NiCIZAC 0.34%
o CaCl/AC0.75%

The adsorbed amount, q (mol/kg)
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Equilibrium pressure, P (kPa)

Fig. 4. The comparison of the adsorbed amount of CO» on SAC
impregnated with metal-chlorides at 313 K.
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Fig. 5. The breakthrough curves of CO; on the bed of SAC
impregnated with Alkali-metal hydroxides at 313K ; (a)
LiOH, (b)NaOH, (c)KOH, (d)The relationship between the
adsorbed amount and the amount of KOH impregnated.
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Table 2. The Adsorbed Amount Calculated from Breakthrough

Curve of CO; Adsorption on SAC Impregnated with
Alkali-metal Hydroxides

Adsorbed| Activated| KOH | KOH | KOH | KOH | KOH
amount | Carbon | 0.5M/AC |1.0M/AC|2.0M/AC|3.0M/AC|45M/AC
R 232 592 12.13 1879 2319
(wt%) ' ' ) ’
4
a0 |y 1606 | 15231 | 16261 | 17849 | 15298 | 07426
mol/g)
[ ® pure CO: on Activated Carbon -
4T & humid CO: 0n KOHAC L.
A pure CO: on KOHAC - o
; T
3 .1 .
£ 3t . A
o I . o
g R o
© R
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o RN J
S S
1+ &
" ------- Langmuir-Freundlich isotherm
0:...xlxx.xl....l..;.l;tn.l...;
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Fig. 6. The effect of water vapor for CO, adsorption on SAC
impregnated with KOH at 313 K.
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Fig. 7. The reproducibility of SAC impregnated with KOH for
COz adsorption.
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isotherm& AH4-514) o33 A3} Q97 2% o UYS & £
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virgin KAC
pure KAC
KOH/KAC=1
KOH/KAC=2

KOH/KAC=4 e A
KOH/KAC=6 B

C4érmro

T

The amount adsorbed, q (mol/kg)

-------- Langmuir-Freundlich isotherm
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100 150 200 250 300 350
Equilibrium pressure, P (kPa)
Fig. 8. The effect of heat-treatment on KAC at 800C after

impregnation with the various ratios of KOH/KAC for
CO; adsorption at 298 K.
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Fig. 9. The adsorption isotherms of CO; at various temperatures
on KAC heat-treated at 800C after impregnation with
the ratio of KOH/KAC=4.
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Table 3. Langmuir-Freundlich Isotherm Parameters for 0O, Adsorp-
tion on KAC Heat-treated at 800C After Impregnation
with the Ratio of KAC/KOH=4

Temperature[K]
Isotherm parameters

Omax [molkg] | 17.256 | 13491 | 9794 | 8748

spln bx10° [1/kPal | 11738 | 9.200 | 6624 | 46%0
1+ 6P n 1692 | 1561 | 1398 | 1350
average error{%] | 0.79 0.75 1.03 133

298 313 333 353

8=

* coverage, 6= —L, Error(/)——w— ﬁ I M

(Gexp) i

Table 4. Langmuir-Freundlich Isotherm Parameters Correlated
with Temperature for Pure Gas Adsorption on KAC
Heat-treated at 800C After Impregnation with the
Ratio of KAC/KOH=4

equation parameter values
ki 62.8174
Ami=ly+ kT -
k2 -0.1557
k3 4.0732x107
B;= kyexp(ky/T)
ky 1692.06
ks 1.2264x 10
n;=ks+ (ks/T)
ks 486.4192

* g = [mol/kgl, B;=[1/kPal, n;=[-], & =[mol/kgl, ,=[mol/
kgKl, #=[1/kPal, &=[K], k=[], #=[K]
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Fig. 12. The effect of adsorbate concentration on breakthrough
of CO; adsorbent=335g of KOH/KAC=4, Temp.=298 K,
flow rate=1500 ml/min.

Table 5. The Adsorption Characteristics of CO; in Fixed Bed at
28K
Concentration[vol%] 092 | 325 | 621 | 1661

Gas flow rate[ml/min] 1540 | 1540 | 1540 | 1540
Break point(C/C,=0.05){min] 3% | 242 | 189 | 1.4
Stoichiometric breakthrough time{min] 542 | 360 | 260 | 1.66
Bed capacity[10°mol/g]-@® 0.06219 | 0.4805 | 1.3470 | 6.4101
Equilibrium capacity[10°mol/g]-® |0.09795 | 0.8257 | 2.2469 | 7.0536
@/® 063 | 058 | 060 | 091

LUB[cm] 342 | 413 | 34 | 319
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Fig. 13. The effect of gas flow rate on breakthrough of CO; ;
adsorbent=335¢g of KOH/KAC=4, Temp.=298 K, conc.=
3.2 vol%.
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