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Abstract

The advanced method for CO2 capture is currently one of the most important environmental issues in worldwide and
it is therefore necessary to have available technologies, which minimize the discharge of CO2 including Carbon-14
from nuclear facilities into the atmosphere. A key aspect of this work is to provide the technically principal data
required to improve a CO2 removal system for the utilization of regenerative sorbent use, specifically include sugges-
tions regarding its modified column design (parallel dual-bed assembly), stop-restart operation and the economic feasi-
bility of sorbent use. The removal performance of soda lime and the effects of relative humidity (RH) and packing bed-
depth (BD) on CO2 removal were investigated. In a single-bed, it revealed that the utilization of soda lime for CO2

removal at line velocity of 13 cm/sec and bed depth of 12 cm increased with the increased relative humidity up to 85%.
However, in the parallel dual-bed assembly applied with the stop-restart operation, a maximum utilization rate of soda
lime for CO2 removal was obtained even at 55% of RH and 8 cm of BD, specifically the utilization rate of soda lime
by using this CO2 removal assembly was about two-fold superior to that in a single-bed. 
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6� ö¶KB*²~ ãÖöê, CANDU(Canadian Deuterium

Uranium Reactor) ö¶�¾ ÒÏê��ò¢ ¾Ò~º DUPIC

(Direct Use of spent PWR fuel in CANDU reactors) �; �
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−bÒ' �> 5 .j³»j �Êº �;; ®"zê²

(Flurocarbon) Ï
�; 5 KALC �;,

−�W��ö bÒ' �O 5 .j³»j �Êº �;; B
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�;,
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.

��� VF
 7öB �Ú �OB¢ �Ï� CO2 B��;

öº �Wê, BR¢�Þ �Ò� limeêÛ bî �� ÒÏ>

� �OB~ B�WËf ��ßWö V¢ �¢ê
. ¢>'b

� 
Ò�º�¾ r��¾, ª¶Ú(molecular sieve)~ ��f

�W~ ßWj ¾æÚæò �Wê ��f j�W~ ßWj &

æº ©b� rJ^ ®
. �W��f �Wbîj ÖF'b�

�O~� b, zÎîj�j �O~º� Ï�~� j�W ��

f j�W bî� FVbîj £² �O�
. �VB CO2 ª¶

º 3�¶ Î~Þ¢ <æ á~� "� quadrapole(−O=+C+=O−)¢

&æ� ��� �W� bî" ç^ Ö�K� ;� ßWj &

æ� ®V r^ö, ��� j�W� �Wêöº �OWË� Ô

b� �Of "� �� &ËVf~ z�Ö�ö ~~� ��Ú

ê
. 6� CO2¢ B�~º � ô� ÒÏ~º ª¶Úº BR

¢�Þê �� � 7öB "� 13Xf 5A¢ ÒÏ~� ·�N
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�W~�¾ çNöBº �OWË� Ôbæ� Nê¢ Ôºº

�Ê�j J~~�¢ �
. ��¾ BR¢�Þ¢ ÒÏ� ãÖ

Ò�� �Ö�, Ò� VF�º {K 5 �Ê?, ®�WVÚ-

purging 6º �ç~ VF
j b�~� >¯�
. 

z�>wö ~� B��;b�, soda lime(Ca(OH)2-NaOH-

KOH b�b) 6º baralyme(Ca(OH)2-Ba(OH)2 b�b)j Ò

Ï~º �;[12-14] 5 v>�öB Ca(OH)2 _f Ba(OH)2 Ò

�Òf CO2& 7/~� r¢Ò Æ.³ êÖ" �Wbj áj

> ®º &ËWö &� ôf ��& >¯>Úz
[15-17].

Ba(OH)2¢ ÒÏ� ãÖ, F«VÚ~ ç&Ûê& 55~60% �

ç¢ ãÖ �¦'� >w³êf b �W³ê& �V r^ö

>w .Vö {K;~& �² ¾æÒº�[18], ��� ãÖö

º F«VÚ~ ³ê¢ BB® ¸��¾ .V Ú*� F³j

BB® Ôºº O�, ¯ Ïª� >w�*j 2b�� [öB

¾æ¾º {K;~¢ 6²�Ò > ®î
. 

Lime êÛ bî� Ca(OH)2¢ ÒÏ� ãÖ 
r~ C* >

w z
î¾ö ~~� CO2& B�B
[8, 19, 20].

Ca(OH)2(s) + CO2(g) �CaCO3(s) + H2O(g or l)  (1) 

Ûêæzö V� B�ÎN �þ Ö", �� >ª� C* >

w z
î¾ö ®ÚB �² 'Ëj �~º ©b� ¾æÒ
.

Nê& ¸� ç&Ûê& ¸j>� >w³êº z�>wö ~

� æV>� >w ãê�(layer)b� ¦V CaCO3 �Wb� B

�>Ú î�Ú >wb� �Â>æ� B�>wö �² FÒ~

æò, Ûê& Ôf ãÖ >w³êº �WB êÖ" [j Û�

{Ö&�� 
æ² >æ� B�ÎN� Ôjê
. ¯ Ca(OH)2
ö ~� CO2~ B�>wf VÚï 6º V�Ú~ {Ö� "

&�� jî� >w³êö 'Ëj Aº ©b� Ö�æj >

®
. �Vö V� ÚöB~ Î^& w»f V�¦b~ £ 2%

;êò ¢Ú¾æ� >ÃV w»� >w³êö �~º 'Ëf

�æ pf ©b� ¾æÒ
[19-21].

Soda limef CaO 6º Ca(OH)2& " Wª��, /
Wªb

� NaOH, KOH& £* ��>Ú ®b� «¶~ ãê¢ ¸�

� ªêB�j Oæ~V *~� �ï~ 
Ò&�Þ& �F>

Ú ®
. Soda limef 
r" ?f z�>w�ö ~~� CO2

& B�>� ²ï~ CO2 ¶Úº ç7 Ca(OH)2f >w~�

CaCO3¢ ;W~æò �r~ >w³êº 
Ö ¶Ò
.

CO2 + H2O � H2CO3  (2)

H2CO3 + 2NaOH(KOH) � Na2CO3(K2CO3) + 2H2O + Heat

(3)

Na2CO3(K2CO3) + Ca(OH)2 � CaCO3 + 2NaOH(KOH) (4)

çV~ z�>w�öBê ¾æÂ :f ?� CO2¢ B�~

º� ®ÚB �;ö �/>º VÚ~ ç&Ûê& 
Ö 7º�

æ>& B
.

�ç" ?� �Wê 5 BR¢�Þ¢ �Ï� ãÖöº ÒÏ

B �OB~ Ò�� &Ë~æò B�ÎNf 
² Ôf ©b�

rJ^ ®�, lime ê�~ bîj ÒÏ� ãÖ '.� ç&Û

ê¢ Fæ~�¢ �
. 6� ö¶K ª¢öBº OÒW VÚ

öVb~ B�ÎN öò jî¢ ÒÏB �OB~ ¾ª n;W

ê ÿ�ö �J~�¢ ~æ� 'Ï �;��ö V¢ &Ë '

.� B� �Ê�j J;~�¢ �
. V¢B, � ��öBº

b& CO2 ��¾Ò �;ö ÒÏ>º lime ê� �Ú�OB7

soda limej �Ï� CO2 B�� "º �;æ>& >º Ï*[

¸�(bed-depth) 5 ç&Ûê(relative humidity)~ 'Ëj �V

~� �'~ �;��j J;~V *� Jê ��V¢ áî
.

6� �Ú�OB �ÏN~ �&z 5 Ôf ç&Ûê �� ~

öBê B�ÎNj ¸¢ > ®ê� soda lime Ï*[j �¢

[(single-bed)� jò �7÷R[(parallel dual-bed assembly)

b� �W~� v Ï*[ ^Þ¢ v&� ÒÏ~º ¢�;æ(Ò

·ÿ Ú*O�(stop-restart operation, SRO)j B�~&
.

2. 
 þ

�����
þ�Òò

� 
þö ÒÏB soda limef ¢� JunseiÒöB B�� B

®j ÒÏ~&b�, 8~16 mesh~ �V� ªê~� *¾Ò ~

æ p� ÒÏ~&
. CO2 VÚº ���&��ööB B��
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1.02 vol.%f 9.85 vol.% �&VÚ(î² balance)¢ ÒÏ~&
.

Fig. 1f CO2 B�Ë~¢ ê�� �â��, ���Vf Ûê

B�V(humidifier)¢ Û"� ¾Jº ÛJ�V& b���öB

B� D� ¢;� ç&Ûê¢ <ê� ~&
.

�����4PEB�MJNF~�ßW�5�$0��³ê�ªC

� ��öBº CO2¢ B�~º� &�'b� ÒÏ>º �

Ú �OB 7 soda lime~ B�WË ßWj ªC~&�, bÒ

' ßWj Table 1ö ;Ò~&
.

CO2 ³êªCöº VÚ��îÆ�¢b(GC)¢ �Ï~&b

� ¦ÂVº TCD, �"f Heyesep-Q¢ ÒÏ~&
. � ��

öB �J� CO2 ³êº �& 1,000 ppm�îb� �& 20

ppmræ ªC� &Ë� ©b� ¾æÒ
. 6� �Ú�OB�

soda lime~ �'� n;Wj ªC~V *~� TG-DTA 
þ

j >¯~&
.

������;[öB�$0��B�WË�
þ

CO2 B�WË 
þö ÒÏB �;[ �"f Úã� 0.018

m�� ^�& 0.8 m� FÒ&b� B·~&b�, Ëê �Nö

B~ 
þj �J~� &��¢ B·~� FÒ&j � Ú¦ö

ËO� 
r, [ Ú¦~ VÚNê¢ J;~� ~� ¢; Nê

� &�~�B 
þj >¯� > ®ê� ~&b�, �f ?�

�W� Ë~ �Wêº Fig. 1ö ê�� :f ?
. 

�;[öB~ 
þO»f, b& ö~º ·ò¢~ �OB¢

�;[ö Ï*� ê CO2 VÚ¢ �/~V *ö CO2³ê¢ �

.~� jº� ãÖ ÛêB�V� �V¢ �/~� ç&Ûê

¢ �.�
. ÛêB�V Úöº Ã~>¢ jò bubblingj �

Ï~� Ûê¢ �.~�, >Ï� Úö CO2& �>>º ©j

Oæ~V *~� ÛêB�V¢ �ö ¾N �V Úö CO2¢ ¢

; ·ò¢ �/~&b�, b���¢ �~�B �¢~² b�

B
. ³ê 5 ç&Ûê& ¢;~² Fæ>º ©j {�� 


Fig. 1. Schematic diagram of a parallel dual-bed assembly for CO2 removal.

Table 1. Physical properties of soda lime used in this work

Properties Unit Values

Packing density
Total pore volume
Micropore volume
Langmuir surface
Micropore area
Ave. particle radius

g/cm3

cm3/g
cm3/g
m2/g
m2/g
mm

0.88 
1.30Ü10−3

−
28
−

0.77 

Table 2. Experimental conditions for fixed bed adsorption

Unit Conditions

Bed depth
Diameter
Velocity
Temperature
CO2 concentration
Relative humidity

m
m

l/min
oC

ppm
%

0.02~0.12
1.8Ü10−3

2.0
20

500~2,000
15~85



116 I.-H. ChoBet al. / Carbon Science Vol. 2, No. 2 (2001) 113-119

r �;[ö �/~&b� �;[ ¦b¢ 6n~� [ ÚöB

~ dead-timej �J~&
. 
þæ>�º �VF³, ç&Ûê

5 �OB~ [ ¸�¢ 
 > ®b�, �VF³f 2 l/min �

�;~&º�, �º Soda lime" CO2f~ >wj �J~� »

OË ªÖ� &Ë~ê� ~&b�, [ ¸�º �>w[~ '

Ëj ÚÚ�V *~� �& 12 cmræ æz�V
. � �;[


þ~ ��j Table 2ö *Û® VF~&
.

3. Ö" 5 �V

�����4PEB�MJNFö�~��$0��B�ßW

b& ç&Ûê& 15%� ��öB soda limej ÒÏ~� CO2

B�ö 'Ëj �~º æ> 7 [ ¸� 5 ç&Ûê~ 'Ëj

�V~� �' Ú*��j J;� > ®º "º ��V¢ �

~&
. Fig. 2º F³j 2 L/min(F³ê : 13.1 cm/sec)� �;

~� CO2 "«³ê& 500 ppm¢ r, soda lime~ · æz, ¯

[ ¸�¢ 2~12 cmræ æz~&j ãÖ FÂ>º CO2 VÚ

~ 2"�Fj ¾æÞ Ö"�
. *Ú'b� [ ¸�& Ã&

�>� 2"�*f Ã&~� [ ¸�& 4~8 cm¢ ãÖ B�

WËf � N�¢ ��æ p~b¾ [ ¸�& 10~12 cm¢ ã

Ö 2"�*f �² Ã&~�, C/Co& 0.1öB [¸�& 6 cm

� ãÖ�
 10~12 cm� ãÖ& '' 2"�*� 2~2.5V ;

ê Ã&~� [ ¸�ö V� 'Ë� �² ¾æÒ
. V¢B �

;ö F«>º VÚ~ F³ê& 13 cm/sec �ç¢ ãÖ, [ ¸

�º �² 10 cm �ç�Ú¢ soda lime~ �ÏNj �&� �

> ®j ©b� �'B
. Ca(OH)2¢ çã� 2.5 cm� �;[

ö Ï*� CO2 B� bench-scale 
þöBº, VÚ F³ê&

3.3 cm/sec�� [¸�& 8 cm, ç&Ûê& 80% �ç~ �Û

ê ��öB ³êç>º 100 min−1(=1.7 s−1)&b�, 5% FÂ

2"6öB [Ú >wb~ 66 wt%& >w~æ pf ç�&�

�& *~Nf 85 wt%&
[19]. ³êç> ßWj "��

Ca(OH)2ö ~� CO2~ B�>wf VÚï 6º V�Ú~ {

Ö� " &�� jî� >w³êö 'Ëj Aº ©b� ¾æ

Ò
. 6� 5% FÂ 2"6öB �>w [ ¸�(LUB, Length

equivalent of Unreacted Bed)º Ï*[ ¸�¢ 
Bæ>� ~

º VÚ F³~ �>� �*� > ®b�, LUBº VÚ F³

ê& 3.3 cm/secöB 13.3 cm/sec� Ã&�ö V¢ 0.8 cmöB

3.4 cm� Ã&~&�, 5% FÂ 2"6öB >wb~ �ÏNf

[ ¸�& Ã&�ö V¢ ¢; 8ö 7"~&b�, �& �Ï

Nf 85%&
. ¯ {Ca(OH)2 �Ï�}" {[¸�/LUB} 5 {>

w³ê}f~ ç&&êö ~� {[¸�/LUB}~ j& £ 4.0 ;

ê&b�, � ��öB >¯� 
þöB Ï*[ Ú~ F³ê

& 13.1 cm/sec &b�, � Ö"�¦V �� [ ¸�º £ 12

cm� ¾æÒ
.

Fig. 3f B> soda lime �ò, �Ò� "«³ê& 500 ppm

öB 2"6(C/Co)� 0.5 ¢ rræ CO2f >w� soda lime

�ò(SD-1)~ TG-DTA ªC Ö"�
. �âöB �º :f ?

� B> soda limef £ 400oC ¦"öB Z² 6ï� �² ¢

ÚÒb� �º Ca(OH)2& CaOf H2O� �ª� >îV r^

b� �'B
. ��¾ CO2f ¢¦ >w� SD-1 �ò~ ãÖ

º 400oC ¦"öB Z² 6ï�� *Ú� >�ö, � (4)ö ~

~� �WB CaCO3& £ 700oC ¦"öB CO2f CaO� �ª

� >�B Z²6ï� ¢ÚÒb� DT�Fj �� Îv ��

Fig. 2. Effect of bed-depth on CO2 removal by soda lime at
R.H.=15% (Input Conc., Co=500 ppm).

Fig. 3. Results of DT-TGA analysis for soda lime (SD-1: Reac-
tion between soda lime and CO2 up to C/Co=0.5).
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>wb� ¾æÒ�, TG-DTA 
þb�¦V ¾æÂ �ª� N

ê(400oCf 700oC)º ��8 (400oCf 700~800oC)" �~ ¢~

�j �&
[19]. 

�����4PEB�MJNFö�~��$0���OWËö��~º�ç&Ûê~�'Ë

Soda limej �Ï~� CO2 VÚ¢ B�~º� ®ÚB "«

VÚ~ ç&Ûêº "º æ>& B
. Fig. 4º [ ¸�& 4

cm¢ ãÖ ç&Ûê~ æz(RH=20, 55, 75, 85%)ö V� '

Ëj ê�� ©��, 2"6(C/Co)� 0.1¢ ãÖ 2"�*ö

�~º 'Ë� �² ¾æ¾æ p~
. ��¾ Fig. 5öB ¾æ

Â :f ?� '' "«³ê 500 ppm, [ ¸�¢ 12 cm� ®

jr ç&Ûê& 15%öB 85%� Ã&� ãÖ, 2"�*(C/

Co=0.1 V&)f 150ªöB £ 600ªb� Ã&~� £ 4V;

ê Ã&�j �&
. V¢B soda limej �Ï~� CO2¢ B

�~V *�Bº F³� 13 cm/sec� ��öB [ ¸�º '

Úê 12 cm ;ê& >Ú¢ ~º ©b� ¾æÒb�, �©f

�B ^ò~f ¾ ¢~�j ��"î
[19].

jÞ� soda lime Ï*[~ �Ï�j �&z~V *�Bº

ç&Ûê~ �.öò jî¢ LUB �j �J� [~ V�ê

7º� æ>& Nj r > ®î
. Fig. 6f "«³ê 500 ppm,

[ ¸� 12 cm� ��öB, Ú*�*� 400ª� æÂ �6ö

B �;j ¢;�* ;æ�Î �ê(£ 8�* ;ê A-B Æ�

[ set� "«>º VÚ¢ C-D Æ�[ set� by-pass�Ê�),

A-B Æ�[ set� 
� ÒÚ* ~&j ãÖ FÂ>º CO2 V
Fig. 4. Effect of relative humidity (R.H.) on CO2 removal by
soda lime (Bed depth: 4 cm, Input Conc.: 500 ppm).

Fig. 5. Effect of relative humidity (R.H.) on CO2 removal by
soda lime (Bed depth: 12 cm, Input conc.: 500 ppm).

Fig. 6. Effect of stop-restart process on CO] removal by soda
lime (Bed depth: 12 cm, Input Conc.: 500 ppm).
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Ú~ æz¢ ê�� Ö"��, �âöB �º :f ?� Ú*

j ¢;�* ;æ� ê ÒÚ* ~&j ãÖ FÂ>º CO2~

³êº �² 6²~&
. ¯ ç&Ûê& 55%�� C/Co& 0.5

� �6öB Ú*j ;æ�Î �ê, 
� ÒÚ*j �·~&

j ãÖ £ 100ª ;êræ CO2 VÚ& �~ B�>î
. Fig.

7f Fig. 6~ Ö"¢ :ûb� ç&Ûê 55%, 85% ��öB

"«³ê æzö V� Ú* ;æê ÒÚ*ö V� soda lime

~ �Ï� æz¢ �~� ê�� Ö"��, �Ï�~ ;~º


r" ?
.

Utilization Rate[%] = {(Time of Restart-Run)/

      (Time of Continuous-Run)}/100

¯ �³Ú*�*ö &� Ú*;æ ê ÒÚ*�*~ j(p)

� ¾æÞ ©�
. Fig. 7~ 4&æ ãÖ 7, "«&Ê~ ç&

Ûê& 55%�� 2"6� 0.5� �6öB Ú*;æ ê ÒÚ

*� ãÖ& 
� 3&æ ãÖ�
 �Ï�� �R Ö>� ©b

� ¾æÒ
.

�Vöº 
r" ?f ��' Vã" � ��öB >¯�


þÖ"& ÝA� �"� ®
. Soda lime~ "Wª�

Ca(OH)2ö ~� CO2 B�ö �~º ç&Ûêf stop-restart

O�"~ ç&&ê¢ ��, ¢>'b� �¢[¢ ãÖ VÚ 7

ö >ª� �Ò~� Ca(OH)2~ �^�çj æz�B ;WB

êÖ"[(carbonate layer)~ 
�W(macroporous)j Ã&�Ê

� CO2 VÚ& êÖ"[j £² Û"~º ��j ~º ©b

� rJ^ ®
[19]. ¯ �Ûê ��(£ 80% �ç)öB CO2

B� ³êº z� >wö ~~� æV¢ Aæò Ûê& 50%

�~~ &Ûê ��öBº B�>wf z�'b� æV¢ A

æ p�, ;WB êÖ" [öB~ {Ö³ê& >w N³�ê

& B
. V¢B CO2 B�>wöB >ª� �Ò�b�� ;W

B êÖ"[b� CO2 VÚ~ {Ö&�j 6²�B >w³ê

¢ ¸�� >wb �Ï�j Ã&�Êº ��j �
. 

��¾ �7÷R[�� (parallel dual-bed assembly)j ÒÏ

� � 
þöBº ç&Ûê& 55%¢rê ¢;�* Ú*;æ

ê ÒÚ*ö V� >wb~ �Ï�� Ã&~º ©b� ¾æÒ

º�, Ú* ;æ� soda lime ��b�¦V ;WB êÖ"[

" Ú¦ �>w["~ ãê�öB ³ê�Vö ~� Ú¦�~

{Ö �� ¢Ú¾ ;WB �Wb[~ ÒªV& ¢Ú¾º ";

öB êÖ"[~ 
�W� �² Ã&~� Ú¦~ �>w[�

£² �ÂNb�B CO2f~ >w� £² ¢Ú¾V r^b�

�'B
. ¾r "«&Ê~ ç&Ûê& 55%¢r, [j Û"~

� ¾N &Ê~ ç&Ûê¢ G;� Ö" VÂ&Ê~ ç&Ûê

º £ 5�*ÿn 85%(�¢[� ãÖöº ç&Ûê& 85%¢

r �� �ÏNj ¾æê)~ �Ûê ��j Fæ�j �&
.

¯ stop-restart O�j 'Ï� ãÖ, "«&Ê~ ç&Ûê¢

85%ræ ¸¢ jº& ìrj r > ®îb�, �Ûê ��j

Fæ~V *� ö.æ ²j¢ *¢ > ®rj �� "î
.

�ç~ Ö"�¦V soda lime~ �Ï�j �&z~V *�

Bº ç&Ûê �. öò jî¢ soda lime Ï*[j �¢[

� jò �7÷R[b� �W~� v [~ ^Þ¢ v&� Ò

Ï~º stop-restart O�j 'Ï~º ©� 
Ö FÒ� ©b�

¾æÒ
.

4. Ö �

Soda limej >w
î� ÒÏ~� CO2¢ B�~º� �~

º ç&Ûê 5 Ï*[ ¸�~ 'Ëj ªC~� �¢ Æ&�

~� î�Ú B��; 5 Ú*O�j BB~&b�, 
r" ?

f Ö�j áî
.

1. Lime êÛ bî� soda limej �Ï� CO2 B��;ö

&� ßW 5 B�WËj ªC� Ö", �¢[� ãÖº F³

� 13 cm/sec, �;[~ [¸�& 12 cm, ç&Ûê& 85% ¢

r CO2 B�¢ *� soda lime~ �Ï�j �&� ¸¢ > ®

º ©b� ¾æÒ
.

2. � ��öB BB� î�Ú CO2 B��;b�, soda lime

Ï*[j �7÷R[�� (parallel dual-bed assembly)b� �

W~� v [~ ^Þ¢ v&� ÒÏ~º stop-restart O�j '

Ï~�, ç&Ûê 55%, [¸� 8 cmöB soda lime~ �Ï�

� ç&Ûê 85%, [¸� 12 cm¢r(�¢[)�
 ¸f B�

WË Î"¢ áj > ®î
.

3. 6�, ç&Ûê 80% �ç~ �Ûê ��öB CO2 B�

³êº z� >wö ~� æV¢ Aæò, Ûê& 50% �~~

&Ûê ��öBº B�>wf z�'b� æV¢ Aæ p�

;WB êÖ"[öB~ {Ö³ê& >w N³�ê& Nj 


þ'b� {�� > ®î
.

Fig. 7. Utilization of soda lime for CO2 removal by the stop-
restart process (Bed-depth: 8 cm, R.H.=55, 85%).
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