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Abstract − Reaction characteristics of CO2 separation have been investigated in a thermogravimetric analyzer and packed

bed reactor using CaO for the removal of CO2 in a syngas produced from the gasification of combustible wastes. Reactions of

CaO with CO2 were fitted well by the rate equation of shrinking core model at the product layer diffusion control regime. Fur-

thermore, the reaction order and the activation energy were found as 1.95 and 104 kJ/mol, respectively. Reaction rates of CaO

does not increases with the increase of operating pressures, which might be because CaO has macropores in the particle inside
and reaction is carried out by the surface solid diffusion. The presence of H2 and CO inhibits the CO2 removal reaction by the

water gas shift reaction and reduction of CaO above the temperature of 700oC. On the other hand, the CO2 removal reaction

was not affected below 600oC.
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�6��* ���H �6�� 8�%��*[7-10], ��
 �(f s

?� AQ ��, ���
 w�%� TU� ��f|M� �� �� �

�, ���
 8�%V� j& AEl�4 Z��K L&. ��F��


 ��f|M� ��?E:p9 �4 CaO, MgO i� |�CH �;

�� 6�\ �O�f
[11-13]�* γ-Al2O3� �2L �O�f
[14]

H �6\ d��;:p/ Z~� d��[15]y �6\ s?:p� �

�%�&. ��* t;�(�� ��f|M ?E� AQ t;�(��

8M/ ��f|M �-4 m�� @3�(� �\ �f��� @3d

� FG� �W%V�� \&.

�	
 � :p�
9 �:; ��
 �(f d�� ��� �;%9

t;�(�� ��f|My ?E�� z\ ql u�H �h�� z�

� ��, ��u��
 t;�(�� ��L ��f|M/ �f���

d��;� ]�� ����  \&. &s; �f��D ��f|M�

d�O�¡H ��� �-� d�¢£H �6�� ���� d�O��

8/ 5;f �12y ¤?��  \&. ¥\ �?� d��y �6�

� ��u��
 8M/ ��f|M� �-� �f��� ��f|M

¦§d�� IJ9 FGH ����  \&.

2. ���� 	 
�
 

CaO/ CO2/� d�� d�O��8/ 5;f �12y p�� z

�� ¨$� �©�(thermogravimetric analyzer, TGA-51, TA Instrument)

y ª6�«&. CaO�¬y �?� ¨$� �©�� �¬­�®� �¯

�� ^M�( �z��
 5 oC/min�4 850oC°2 ±��² 30�³

i��´y Z2�� �¬� µ��9 CaCO3y ¶�· CaO4 �@�

¸ ¹ 3�9 i�d����
 ��f|My �¯�� i�d� º»

H ���«&.

��, ��u��
� ��f|M d�  Fig. 1� ��\ �?� d

��y �6�«&. �?� d��9 ¼A 1/2", ½� 200 mm� stainless

steel 3164 p;�«��, d��� ��EV9 $¾� K-type�

thermocoupleH �6�� ��E� �?�² ��E� ��y ��EV

� ��u¿�y �6�� u¿�«&. d��À  ¹Á� �9 back

pressure regulator(Tescom 26-1700)y �6�� i�u�H �?�K Z

27 8 ��Â u¿�«&. º»� ª6L �¬9 �eÃ CaO4


850oC�
 M;\ ¹ ª6�«�� �¬� Ca(OH)2 d�H <2��

z�� desiccator j!�«&[16]. º»� sÃ%9 �(� Z�  mass

flow controller(Bronkhorst)y �6�� ��f|M� }�� �?�K

Z2 %�Â �ÄZ�H u¿�«�� Åh%9 ��f|M� }�9

6 port sampling valveH �6�� Gas Chromatography(HP-4890D)�
 Æ

?�«&. Gas Chromatography�9 Çh�/ �È�4 TCD(Thermal

Conductivity Detector)/ Porapak Q(stainless steel, 1/8", 6ft)y ª6�

«&. d��¬9 X-ray Diffractometer(RINT2000 SERIES)/ BET(NOVA

1000)y �6�� �¬�� �;
D �ÉÊl Ëfy Æ?�«&.

3. �
 	 ��

Fig. 29 ̈ $� �©�y ª6�� d��� 750oC�
, ̄ � −0.15 mm

� CaO �¬�� Ì�d�O�� IJ9 FGH ��\ ¤D�&. �

¬�� §M78Â Ì� d�O�9 ���� �? �¬� ���
9

Ì�d�O�� �?�K Z2%� �ÍH Îm7 8 �&. ��\ ¤

D9 �¬�� ��78Â ¯ ª�� Î�¦Ï� ���� TU� *

Ð*K L&. �	
 � º»�
9 �¬� �H Fig. 2�
 *ÐÑ ¤

D/ 0� 10 mg ��4 Z2�«&.

¨$� �©� ª6 � d��� 750oC�
 �(Z�� CaO�¬/

��f|M� Ì�d�O�� IJ9 FGH Fig. 3� ���«&. �

(Z� 100 ml/min°2 �(Z�� ��78Â ��f|M/ CaO� Ì

�d�O�9 ���«� 100 ml/min ��� Z��
9 �?\ Ì�

d�O�y Z2�«&. �(Z� ��� �b d�O�� ��9 �Ä

A� Î�¦Ï� §M�� TU� *Ð*� �ÄA� Î�¦Ï� ¯ 

�� �sÎ�¦Ïj& §M�K %Ê Fig. 3�
 Ò 8 �9 Ó/ 0

� �?\ d�O�y Z2�K L&[17].

Fig. 49 �ÄZ� 100 ml/min, d��� 750oC�
 ��f|M� }

�� Ì�d�O�� IJ9 FGH ��\ ¤D�&. �Ô�
 Ò 8

�9 Ó/ 0� ��f|M� }�� ��78Â Ì�d�O�9 >�

l�4 ���� �ÍH Ò 8 �&. ��f|M/ �f��³� d�

Õ8y p�� z�� Ì�d�O�/ ��f|M� }�y 4�-4�

'Ö(log-log plot)�� �×�y p\ ¤D ��f|M� ]�� 2Õ d

�ØH Îm�«&.

�f�� ¯ / ��f|M� d��;H ���� z�� º»¤

Dy Ù�d�¢£D 8ÚÛ ¢£[18]� l6�«&. Ù�d�¢£  d

�Ü (1)4 ?�%� ¯ �� �sÎ� ¦Ï� PQ Ý�* d�O�

� Î�O� j& PQ Þß AQ� l6 �_�&. 8ÚÛ ¢£� A

Q9 Î�O�j& d�O�� PQ Rb AQ� l6�_�� d�Ü

Fig. 1. Experimental apparatus for CO2 adsorption.
1. Ar gas 7. Tublar reactor
2. CO2 gas 8. Furnace
3. Mass flow controller 9. Back pressure regulator
4. Mixer 10. 6 port sampling valve
5. Temperature controller 11. Gas Chromatograph(TCD)
6. Pressure gauge 12. Computer Fig. 2. Effects of CaO load on the initial reaction rate of CaO adsorbent.
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(2)� �;� Î�àOm Áá/ d�Ü (3)� fâd� àOm Áá4

p�%V�&.

(1)

(2)

(3)

NN� ¢£ ãÆJ/ º»¤Dy �ä�� Fig. 5� ���«&. Fig.

5(A)�
 Ò 8 �9 Ó/ 0� Ù�d�¢£ ãÆJ� AQ º»¤D

/ å Õ�y j�� ��� �9 Ù�d�¢£� �?�
 æÃ\ �

s�� ��f|M }�� �?�K Z2%2 çÍH �I�9 è�4

ª¬L&. dÊ� Fig. 5(B)� ��\ 8ÚÛ d�¢£� �;� Î�à

O d�Ü (2)y l6\ ¤D9 º»¤D/ �äl é �J�� �ÍH

j��� �&. ��\ ¤D9 ��f|M/ �f��� d�� ���

�;L CaCO3� �\ Î�¦Ï� ��� �m�9 è�4 êÁL&.

��* �;� Î�àO� d�Ü (2)y �6\ AQ�� d����

���Ê d�¹d®4 ë8Â ¢£ ãÆJ/ º»¤D/� Õ�� �

��� �&. �9 Bhatia et Perlmutter[19]� ��� j� L Ó/ 0

� �f��� Tamman�� ���
9 �f��� �~� ��� É

Ê �Ä Î�� *Ð*� TU�4 ª¬L&.

8ÚÛ¢£H �6�� �;� Î�¦Ï� àOm Áá�
 0.15 mm

�f��D ��f|M� ìj�d�O��8/ 5;f �12y p�

� Fig. 6� ���«&. �;� Î�� àOm Áá�
� 5;f �1

29 104 kJ/mol ���� DedmanD Owen[13]� 5;f �12 74 kJ/

mol j&9 `� Bhatia/ Perlmutter[19]� ��� 5;f �12

176 kJ/mol j&9 í  îH ï� �&. DedmanD Owen[13]� AQ

9 5;f �12y p\ ��F�� 200-600oC ª�4 �Älm d

�� àO� fâd� àOm ðz�
 8�%��� � º»� AQ

d��� ðz 550oC-750oC�
 8�%V j& Î�àOm Áá4 �

�%�� TU�4 ª¬L&. �dlm �-�d�� AQ ¦�F��


9 fâd� àO� 2Ål�� ��F��
9 Î�àO� 2Ål�

%� 5;f �12� §M�9 AGH ïK L&. ��* �f��D

��f|M� d��
9 Î�àOÁá� 5;f �12� j& ��

�K %9 ¤Dy j�� �9ñ �9 Bhatia/ Perlmutter[19]� ��

� E�L Ó/ 0� Î�àO� d� òóôõ� �ÄÉÊÎ�� �

�� 2Å%� TU�&.

dXB

dt
---------- kRCA

2 1 XB–( )=

t
τ
-- 1

rc

R
----– 1 3 1 XB

2 3⁄
–( ) 2 1 XB–( )+–= =

t
τ
-- 1

rc

R
----– 1 1 XB–( )1 3⁄–= =

Fig. 3. Effects of gas flow rates on the initial reaction rate of CaO adsor-
bent.

Fig. 4. Effects of CO2 concentrations on the initial reaction rate of CaO
adsorbent.

Fig. 5. Comparison of experimental values with model predicted values.
(A: Uniform reaction model, B: Shrinking Core model)
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Fig. 7  �f��H ­�\ �?� d���
 �³� �b ��f|

M� öD÷>H d���� �	
 ��\ ¤D�&. d��� 550oC

� AQ í  d�;�4 m�� d�Ì�� hp�
� ��f|M }

�� Ãø· ���� d�� +¤%� �ÍH j��� �&. d��

� 800oC�
9 d�Ì� �f��D ��f|M� ¶�\ d��4

hp� ��f|M }�� Çh%2 ç&� d��³ 7�A� öD�

�Ý%V Ãø\ }���y j�9 ��lm öD÷>� �´y j�

�� �&. �³� �b öD÷>H l��� �f�� Áz^�ù �

�f|M E��H ¨$� �©�� ¤D/ �ä�Ê Table 1� jm

èD 0� ¨$� �©��
� E��� `  ¤Dy j��� �&.

��\ Õ�9 ¨$� �©�� AQ ¯ ���
 �?\ �(}��

Z2%2ú �?� d��� AQ ��f|M� }�9 dA<G ��

y ïK %� ���
� Î�O�� ¨$� �©�j& ía2K %

V *Ð*9 è�4 ª¬L&.

d��À� FGH ���� z�� d��À� �f��� ��f|M

E��� IJ9 FGH Fig. 8� *Ð��&. �Ô�
 Ò 8 �9 Ó

/ 0� 5;|H �6�� ¦��
 ��º»H 8�\ ¤D d��

À� ��78Â ��E� ���� ���K L&. ��* �f��H

�6�� ��f|M E�º»H 8�\ AQ d��� 550oC/

750oC ¢û d��À ��� �	
 E��� ��� üK *Ð*2

çÍH Îm7 8 ��&. ��\ Õ�9 5;|� AQ ¯ �� �s

ü�� PQ Ýa ��u�� AQ ��f|M� �sÎ�O�� üK

���2ú �f��� AQ �sü�� �äl ü� TU� |���

� �;%�Í�� ýp�� d�;�9 üK FGH �2 ç9 è�

4 ª¬L&.

�?� d���
 t;�(�� ��L ��f|M þ 8M� FG

H ÿ��� z�� CO2/CO/H2 �t�(y �6�� �f��� ��

f|M ?E_H ÿ��«&. ��f|M� }�9 30%4 �?�K Z

2�� CO� }�/ H2� }�y NN 15%4 Z2�� CaO� ��

f|M ¦§º»H 8�\ ¤Dy Fig. 9(A)/ (B)� ���«&. Fig.

9(A)�
 Ò 8 �9 Ó/ 0� COy ���� �9 t;�(� AQ

d��� 700oC°2 CO2 ¦§_À� å Õ�y j�2 ç� ��*

d��� 800oC�
9 ��f|M ¦§à� Ãø�K §M�� �Í

H Ò 8 �&. �· Ì�� ��f|M }�� Ãø�K �±�� �

9 è  CaO-CO2� d�D �{ CaO-CO d�� �\ @3d�� �

�%V CO2� ��%9 è�4 ª¬L&. H2� ��L t;�(� A

Q9 d��� 600oC°29 å Õ�y j�2 ç�* d��� 700oC

���
9 CO/ 0  @3_H ï9 è�4 *Ð*� �&. �· d

��� 800oC�
9 8M� �\ @3d�� 2Ål�4 �V*� �

ÍH j��� �&.

�¯L 8M9 CaO� @3d�� M¢%V 8��4 �@%� 2O

l�4 ��f|M� M¢� ��\&9 è  ¤Dl�4 ��f|M

/ 8M� ��d�� ��%� �ÍH ���9 ¤D4 [©L&. Fig.

10� H2/ CO� }�Ëfy ���«&. ��f|M� AQ9 d��

³� 2�� �	
 Åh}�� §M�� ��f|M� �\ @3d�

Fig. 6. Arrhenius plots of product layer diffusivity for the reaction of
CaO adsorbent.

Fig. 7. Variations of outlet CO2 concentrations as a function of time
with reaction temperature.

Table 1. CO2 removal capacities of CaO measured in different reactor
systems

Temperature(oC) Amount adsorbed(g/g)

TGA 550
650
750
800

0.18
0.41
0.45
0*

Packed bed reactor 550
650
750
800
850

0.08
0.14
0.31
0.32
0.32

*: Non-adsorption

Fig. 8. Variations of outlet CO2 concentrations as a function of time
with reaction pressure.
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B.
� ��H j��� �&. 8M� AQ í  d����
9 Ì�� Ã

ø\ }�§M� *ÐÑ ¹ 

· }�� �±�� @3d�� +¤

H j��� �&. ��* d��� 800oC�
9 �ù�³� AD��

� 8M� Ì�}� 0.006 mol/l 8�H ���2 ��� ��� ~��

Fig. 9(B)�
 jmÓ/ 0� ��f|M� }� �� �¯}�� 30%

?�� 2Ol�4 d�� ���� �ÍH j��� �&. �è  �

¯L 8M/ ��f|M� d��4 
D ��f|M� �;%9 �8

;�( d�� �m\ è�4 ª¬L&. �	
 d� Ì��9 CaO�

@3d�� ��%� 8M� M�%2ú d�¹d�9 �8; d��

��� 8M/ ��f|M� M�%� 
D ��f|My �;�9 è

�4 ª¬L&. �8; d�  CO/CO2/Ar �t�(�
� lK*	 ö


%� @3d�� ��� �;L 
� �8; d�� ���� 8M

y ����� �&.

4. � �

�:; ��
 �(f4�
 ��%9 t;�(�� ��f|My k

Dl�4 EV�� z�� ¨$� �©�/ �?� d��y �6��

��, ��u��
 �f��D ��f|M� d�º»H 8��«�

&ÍD 0  ¤¡H �h�«&.

(1) CaO/ CO2� d�  �;� Î�àOm 8ÚÛ d�¢£4 [©

%��� ��f|M� d�Õ8/ 5;f �129 NN 1.95, 104 kJ/

mol ��&.

(2) CaO/ CO2� d�� �V
 d��À  �f��� ��f|M

E�_� å FGH �2 ��«�� �9 �f�� ¯ � ÿÙ�s

ü�� ü� ¹d� Þß d�F�� �Ä Î�� ��� ��%� T

U�4 ª¬L&.

(3) t;�(�� ��L ��f|M� AQ �f��� @3d��

800oC ���
 ��%��� � ��� ���
9 ��f|M E�

d�� å FGH �2 ��«&. ��* 8M� AQ 700oC F��


�f��� @3d�D �8; d�� �\ 8M� M¢� ��%�4

�f��H �6\ t;�(�� ��f|M E�d�  600oC F�

�
 ��%V� \&.

����
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