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MSR(methane steam reforming)�� � ���� CO2� 	
�� 
�� CaCO3� ������ ���� ��� CaO

����� 	��� . ����� !"� #$%� 
�� ��&', (', )*+, -� ./�0� 12 345 CO25

� ��"� 1�� 67 89: ��;<� ���� =>�� . ����� ?"&'� 850oC�@ ��"� A; BC

DE F GH4 ��� IJ�� 950oCK L��� . GHSV� 3,000 hr−1MK I�+N OI =>2 LP, ���� &'

� 800oC, QR�� CO2� ('� 10%�@ ��"� A; BC .

Abstract − The adsorbent was prepared to separate CO2 gas generated from MSR process. Characteristies of carbonation and

decarbonation of the adsorbent have been examine continuous reactor system in respect to temperature, concentrations at con-

tact time. The decarbonation of CO2 onto adsorbents slowly occurred in this the temperature range from 850oC to 950oC.
However, the maximum carbonation ability was obtained at GHSV of 3,000 hr−1, temperature of 800oC and CO2 concentra-

tion of 10% (N2 balance).
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1. � �

����� ��� 	
� �� �
��� ���� �� �� ��

��� 	
� ��� ���, �� � !" #�$� CO2� %&'

( ) �� '*+ ,#	 -.� /� �0. 123* 45� 6� CO2

�578 �
� 7� 9	:; CO2 <=�5, > �5, <) ? @�

�5 A� �BC, �D� 78�� CO2 �5' �� 	
� EF" G

HF3 �� �� IJ	 KL  JL" M�N 2��$�	� OP

Q �� RS� $� �0. TU: �V WXY	: KL  Z�� 6

[ \"G ,]; 78� ,#�^ $_�` � 78� �Eabc 9

	 CO2� defB" gh(capture)�� �
"i �	 j� ��3 k

9fB" )l$� �0. �	 j� CaO	 j� CO2; bc  m3�

bc� n	 �o� ��p ) q� IJ	 �r(spherical type) ? s

t(pellet type)ru" bc!v� Lw, E �N x yz� '{ |,

MSR(methane steam reforming)78; bc�	 }~� �� �� �

 $� CO2� defB" gh�� ��� ��0[1, 2].

� �6 78� 	
� ��� ��� 6�N ��� hybridr �y

3*� ��H� 78�� 0� �y3*� bc� CO2 L�bc� �

'	 )lp ) �B�, CO2 Z��8Q �578	: C�� ���

���B"i 	
� ��� �j� p ) �� ��� 3�� �0[1]. 

78 '*+; yz�·x yz�(carbonation·decarbonation) bc� �

�fB" ���f mr �V	: bc� )l�N� ��, #�bc�

�, ��� bc�� IJ	 bc �Q�f [�� F�� bc � �
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662 ���������	
�����
������
8��^ [��� �� ~  9¡�0. �¢ ���fM £) 9	:

1Q� ¤¥£�	 T� yz�·xyz� K¦� §8p ) �� �B"

Haul’s equilibrium line� � ) ��` �� Fig. 1	 C¨n_0[3, 4].

� ©ª	:� «� CaO	 j� CO2; yz�·x yz� bc� 1Q

� ¤¥ £)	 TU: ¬^ ­ �0. �D� ���fM � � ®)

� CaO� ���N ¯� °���, � 2±	: ²�� �r; CaO�

CaCO3	 ³�´Mµ" ��� ¶·C�¸� ¹3�N Lw��� I

J	 ��fM bc�� º�� �»0.

� ��� ��78� ��� CO2; de gh 78,#; ¼��½

" MSR78� 3,; bc�� ��fB" GH', bc� n	: #

�$� CO2� �¾ ¿À5 z�!� ���N Á)�� hybrid78�

,#�� ��"i[5-7], CO23 yz�� x yz�$� �8	: #�

$� �� bc� '*+ Â�" ÃÄ�� Å� bc� n	 �� bc

�� ²��B"i 	
� ��� �j���, �'	 yz�·x yz

�bc� �BÆB" �Ç; �578È0 ÉÊ�� �®�'Ë de

fB" CO2� L���� ��0. 2±	 ²�p bc!v" CaO� W

Ì���, � bc!v� CaCO3� H�¾", ��� ¶·C�¸� ´

Mµ" ²��N �r; CaCO3� Lw, E  ��0[8-10]. TU: b

c!v� E 1Q	 T� ! ��(�w£�, ÍÎf ,�7Q, w  A)

� bc 1Q, CO2; ÏQ, Ð}'É A bcwÑ; £�	 T� CO2

�; bc � Ò8��B�, �� ÓÔÕ bc �Ö� ���N bc

� n	:; £)	 T� CO2; yz�·x yz� bc	 j� �f G

HwÑ� ×�� ��0.

2. � �

2-1. CaO �� � ��

Hybrid 78	: CO2 L�� 6�N �� Ø Q� 3�Î: MSR

bc wÑ	: �� !  ? ru� Ù�p ) �� !v� Lw���

��0. �	 T� Lw ?  rÚÛ� Fig. 2	 C¨n_0. ¼�;  

r wÑB"� CaCO3	 ³�´Mµ; F�� 10, 20, 30, 40%� ÜÝ

�N Lw���Þ 10-30% ÜÝ� �r; CaCO3� KQ(ßàKQ ?

áâKQ)3 50% ��"i áâ	 ;[ �*D�� ãä� ÈN å_

�, ´Mµ� 40% ¹3�N Lw� bc!v� KQ3 95%" ~   

)�� ÈNå_0.

TU: � ��	:� ����� 3æ� �r; CaCO3� Lw��

6[ ³�´Mµ� H¾ ³^F 9 40%� ÜÝ�N ²���0.

©ª	 C¨ç ´� «�  r� 78� CaCO3	 ³� ´Mµ" �

�� ¶·C�¸� H¾ ³^F; 40%� ¹3, �r  r�Ö� ��

�N ϕ3, 5 mm ¬�; �r; CaCO3� Lw���, Lw�  r¾�

Fig. 3	 C¨n_0.

Lw� bc!v� E 1Q	 TU: ³^ £�(TGA)� w (ICP),

�w ? ä£�(XRD), Porosity, F ÍÎf(BET), SEM A; !  ��

� ��0.

2-1-1. E  1Q	 T� bc!; ³^ £�

�r; bc!v	 �Ù$� �� �®!� CO2� L��� 6�N

750oC, 800oC, 850oC, 900oC, 950oC, 1,000oC; 1Q	: 2'É�

� E � ��B�, è1 wÑ� 20oC/minB" ��0.

E � High Temperature Tube Furnace(Thermolyne 59300)� ��

��B�, bc! Üé ��"� QuartzZv; dish� ²���0. ��

���N ��� E  H ·|; ³^£�� Table 1	 C¨n_0.

� Í	 C¨ê ´� «� E  1Q	 TU: 27-28%; vë £�

3 ��C� ��`, �� CaCO33 �[, CaO" $Î: C¨C� ³

^ &ë��, ��fM &ëÈ0 �� C¨C� �Ù"�  r���

�8	: ²�� )�� j����, ³�´Mµ" ²�� Na ���

�� �[$Î: C¨n� &ë�U ì��0.

Fig. 1. Schematic diagrams of CaO-CO2 compressor system.

Fig. 2. Manufacturing procedure of CaO from CaCO3.

Fig. 3. Picture of spherical type CaO. (a) ϕϕϕϕ3 mm (b) ϕϕϕϕ5 mm.
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2-1-2. dE ��

E  1Q £�	 T� bc!; carbon íÇ �Ùë� Elemental Analysis

(CE Instruments., EA 1108)� ²��N Ò8��0. Detector� TCD

� ²����, carbon; Ò8 î6� 0.01-100%��, E � bc!�

�ï�N dE��� ��0. bc!� E �� H� ðð; 1Q"

E ��� I íÇ�� carbon; �ë� dE���" ��� °��

Table 2	 C¨n_0. � °� E �� �8	: bc! 9	 yE 

�� 95%�ä x=$_ñ� ¿ ) �_0.

2-1-3. XRD ��

bc!� LwwÑ ?  r wÑ	 TU ! � ¬  ̂£�p ) �0.

�� ´Mµ; �Ùë	 TU: w � £p )Q ��, E 1Q	 T

U: £p )Q �0.

TU: bc!; E  H·|; °8�w� é� ¬�� ���� 6

[ X-ray Diffractometer(Rigaku Co. Miniflex)� ²����, �� bc

!; E  H� |; °8�w� ¿OÈ�� ��0.

CaCO3� CaO, ³� ´Mµ" ²�� Na-��� ¶·C�¸� Fò

!v" ²���B�, ð '�; XRD pattern� 1Q£�	 TU E 

� bc!; °8 �w� Fò�N Fig. 4	 C¨n_0. � ©ª	:

C¨ç ´� «� E � bc!�� :" Ù²� °8 �w� C¨n

_�Þ, ¼� H�!vM CaCO3� CO2 �[ |; !vM CaO�; °

8�w� �Ö��� Åó0. © �Ù� ôõ" bc!M CaCO3	 ³

� ´Mµ� ÜÝ�N Lw��� IJ	 Lw� �r; bc!v� ³

�´Mµ" ²�� ��; ö¦B" 0÷^ C¨ø_0� ì�$��

�, / ùõ"� ®)� CaO; °8�w� Aú °8M` F[: CaCO3

3 �[$Î: Þ��X CaO� ³8r; �w" C¨C� IJB" ì

��0[11]. û� bc! 9	:Q 1Q3 �O�Î: peak3 0÷^ C

¨n��� �Ù� ³�´Mµ" ²�� !vM ��� �1	: E°

$Î: ÍÎf� üâ¢ ý��� ÍÎ� ~þÿ^ $Î: ��fB"

ä £�3 ���0� ì��0.

2-1-4. TGA ��

E � bc!; 1Q	 T� CO2; bc � w²�� 6[

TGA(thermo gravimetric analyzer, Du Pont Co., M/N: SDT 2960)� �

���0.

TGA; ��wÑB" CO2 Ùë� 100 ml/min, 1Q î6� 750oC,

800oC, 850oC, 900oC, 950oC, 1,000oC	: ðð bc!; bc �

Ò8��B�, è1 �Q� 10oC/minB" �8��0. ðð; 1Q"

E � bc!� CO2�; yz� bc � Fig. 5	 C¨n_0. � ©

ª	: ÈÎ 850oC, 900oC, 950oC" E � bc!� yz� bc�

3� �^ C¨C� �B�, bj" 750oC� 800oC	: E � bc

!� ©È0 � 8% 8Q &E� bc � ÈN å_0.

û� 1,000oC �ä; 1Q	: E � bc!� � 7% 8QÞ� b

c � C¨n� ��`, �� ³�´Mµ" ²�� ��� �1	:

E°$Î: CaO; ÍÎf� ý���: �� °�U p ) �0.

TU: � ��	:� E 1Q	 TU: bc � 3� �� 850oC

È0 �� 1QM 950oC	: E �N ²���" ��0. �� bc

� n	: yz� $� CaCO3" � bc!v� x yz� �� 6�

���f wÑ� 950oCM �� ���N, 4ñ�� 950oC	: E �

bc!� ²��N bc � Ò8��0.

2-1-5. bc!; �7Q(porosity)� BET Ò8

bc!; Â�!vH�	 ö¦� ý ) �� macropore distribution

� ¿OÈ�� �7Q� FÍÎf� �7�g� Ò8�N Table 3	 C

¨n_0.

)� 	
Û	 ;� porosity Ò8(Prosimeter, Micromatritics Co.)�

6[ E � bc!v� �ï� | Ñw�	: 105oC" 5'É�� Ñ

w��0. )� 	
Û� ��� E  1Q	 T� bc!v; �7Q

Table 1. Weight loss of the solid reactants prepared with CaCO3 on
calcination temperature

Temperature 
(oC)

Weight (g)
Conditions

Before After Weight loss (%)

750 5.013 3.644 27

Increasing temp. rate
: 20oC/min

Calcination time
: 2 hr

800 5.011 3.629 27
850 5.013 3.655 27
900 5.010 3.604 28
950 5.018 3.625 28

1,000 5.023 3.614 28

Table 2. Decomposition of prepared CaCO3 solid on calcination temperature

Reactants on calcination temperature, (oC) Carbon content, (%)

0 8
750 0.43
800 0.24
850 0.17
900 0.20
950 0.13

1,000 0.09

Fig. 4. XRD patterns of prepared CaO solids on calcination temperature. Fig. 5. TGA curves on carbonation with prepared CaO solids.
HWAHAK KONGHAK Vol. 41, No. 5, October, 2003



664 ���������	
�����
������
� Ò8� °� �7Q� 26-28% 8Q� C¨n_B�, bc!v; F

ÍÎf� �7�g Ò8� BET(Micromeritics Co,. M/N:ASAP 2010)

� ����0.

E � �r; bc!� � �ï� | 200oC	: 20'É �� �7

�	 íÇ�� 3*� �H¢ L���0. F ÍÎf� vE3*� �

��N 5 point(0.1, 0.15, 0.2, 0.25, 0.3); äj¤¥B" Ò8��0. Í

	 C¨ç ́ � «� F ÍÎf� bc!; E  1Q3 750oC� 800oC

	:� 14(m2/g), 850oC	:� 13(m2/g)B" C¨��Þ © �ä; 1

Q	:� 10(m2/g)��" E  1Q3 
3p)� F ÍÎf� äjf

B" &E�� K¦� ÈNå_0.

�7; m� PK� bc!; E  1Q3 
3p)� �7; m�

PK û� &E�� �B" C¨�0. �� bc!; ÍÎ	: E°$

Î: F ÍÎf� �7; m�PK� äjfB" &E'�� �B" ì

��0.

F ÍÎf� �7; ¬�3 bc!; <=æ	 �jfM ¡M� O�

�Þ bc!; �z %�� �Ð� -½3 �B� Fig. 5	 C¨ê TGA

�W� Fò[ � I Ù²� ä--½3 �ñ� ¿ ) �_0.

2-1-6. SEM Ò8

E 1Q	 T� bc!v; �w� ���� 6�N SEM(Hitachi

Co. M/N: S-2500)� ����B� © °�� Fig. 6	 C¨n_0. �

²X	: ÈÎ ®)� CaO� HrfM Aú °8½; °8�w� �

� �B�, CaCO3� 8�Î¾; °8�w� C¨n� ��Þ �rB"

Lw� bc!v� CaCO33 �[$� � $� CaO; �� ³8r °

8�w� ��� �� �� � ) �0.

û� CaCO3; �[	 ;[ � $� CaO� �� 1Q	: E �

�� FÍÎf� �7�� �: bc �  )��, E 1Q3 �BÎ

°8� ��� ãä� C¨ê0� $��0[11].

E 1Q3 ��)� °8; ¬�3 ��� �� 1Q	: E � b

c!v�� w��^ $��� FÍÎf� �7�� ¬^ C¨C� �

0. �� Table 3	 C¨ç �7Q Ò8� FÍÎf Ò8�	:; °�

�Q � �Ö�0.

2-2. ��� �	

�r; bc!v� ��� yz�� x yz� bc; 2±�Ö�

Fig. 7	 Q'��0. 2±�Ö� �²3* åé�Ö, bc�Ö, ���

Ö" ��$�, �²3* åé�Ö� N2 gas� CO2 gas; Ùë� w�

�� 6[ MFC(mass flow controller)� ²���0. å bc�Ö� 3

�p ) �� "� bc�(2.6 60 cm, stainless steel)� ²���B�,

bc�� PID 1Qw��� ²��N 1Q� L����, ¤¥� ä¤

Fig. 6. SEM photographs on calcination temperature.

 

Table 3. Porosity and BET surface area of prepared CaO solids on
calcination temperature

Samples on calcination 
temperature (oC)

Porosity 
(%)

Averge pore 
diameter (Å)

Surface area
(m2/g)

0 - 169.2 2.1
750 28 144.4 14
800 28 123.9 14
850 27 125.0 13
900 27 113.2 8
950 27 67.3 5

1,000 26 45.8 5

Fig. 7. Continuous reaction system for test of reactivity.

Fig. 8. Temperature programmed reaction on prepared CaO solids cal-
cined at 950oC.
���� �41� �5� 2003� 10�
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9

	: 2±��0. ��fB" bc!; 8ë ��� 6�N vë���

(Mass-spectrometer, QMS-421, Balzers. Co.,)� ²���0.

bc2±� bc� 9!	 950oC" E � �r; bc!� "# �

�, C$� ��	 ¿��C �� áX�N 3*; ÓÔ� �z'Ë:

2±��0.

bc!v; yz�·x yz� bc; 1Qî6� �8�� 6[ bc

!v� 1.39 g(�%=1.6 ml)� ²����, GHSV� 3,000 hr−1B" �

8'��, ÜÝ�¾M N2 3*� ®)� CO2 3*� åé�Î: 950oC

&� �' 10oC( è1 '�Î: 2±�N Fig. 8� «� °�� ¯�

) �_0. � ©ª	: ÈÎ bc!	 j� CO2; bc1Q î63

750oC� 900oC ²�	: ���)� ¿ ) �_�, 900oC �ä	:

� x yz� bc� ���)� �M p ) �_�` �� 900oC �

ä	:� *� <�bcM �bc(x yz� bc)	 ;[ C¨ê °�

U ì��0.

�� «� °�� �+B" �N CO2 bc2±	 j� 1Q î6�

�8�N 2± wÑ� °8� �� Table 4	 C¨n_0. � Í	 C

¨ç ´� «� 2± wÑB"� bc1Q� 750oC, 800oC, 1�¤,

GHSV=3,000 hr−1B" �8',B�, bc!; �%� 1.6 ml, è1�Q

� 20oC/min" �Î: bc1Q&� N2 gas� åé�Î: è1'{ 0

ñ, vE 90%, CO2 10%; ÜÝ3*� åé'Ë åÎ: 2±��0.

3. �� 	 
�

3-1. 
	 ��
�� CO2 ����

bc!;  æ� m3�� 6�N bc1Q� 750oC� 800oC,

825oC, 850oC	:, 1�¤, GHSV� 3,000 hr−1B" �8'Ë -� 2

±� °�� Fig. 9	 C¨n_0.

2±� bc!� áX� bc�	 vE� CO2; ÜÝ�¾� åé'

Ë åÎ: CO2; E�ë� ����B�, bc�� 950oC&� è1�

N 1'É�� x yz� '{ | 0' 2±� ��� K � Fò�N

C¨ç .��W�0.

� ©ª	: ÈÎ 750oC	: 4ñ bc!� áX�N 2±� °�

� 40�	 /0: CO2�; bc� ����� ��, �� 950oC	:

1'É �� x yz� bc� '{ | 0' yz� bc� 2± p I

� ©È0 15� 8Q3 ý�1 � 25�É	 /0 bc� ���)� ¿

) �_0.

bc1Q3 800oC	:� ¼�bc� K  80�É CO2�; bc�

����03, �� 950oC	: 1'É x yz� bc� '{ | 0'

yz� bc� 2±� °�	:� � 60�É	 /0: bc� ���

)� ¿ ) �_0. ©DC 825oC� 850oC	:� �; yz� bc�

��C� Åó0. Fig. 9	 C¨ê °�� 8f��N CO2 E�ë� �

�2� Fò�N Table 5	 C¨n_0. Í	 C¨ê �43 800oC	

: ¼� bc� 97% ��� 40. �� 950oC	: 1'É�� x yz

� | 0' ²�� K � 86%" bc � 5�4�Þ bc'É� 60

� �� Xl$6" CO2 bc!"i  )�  æ� C¨nå� �0�

ì��0. 750oC	:Q ¼�bc� 65%�_B� Z²���� K ;

bc � 41%� ÈNå_0.

TU: � 2±	:� bc!� 4ñ áX��� I C¨nå� bc

 � Z²���� I C¨ê bc 	 °�� ·j" 800oC	: Ï

Q£�	 T� bc  2±� )l��� ��0.

3-2. �� ��
 �� CO2 ����

Fig. 10� Fig. 9	: C¨ç °�� ·j" 800oC, 1�¤, GHSV�

3,000 hr−1B" �8'Ë -� ÜÝ�¾M vE� CO2; ÏQ� 6%,

8%, 10%, 12%" £�'Ë åÎ: 2±� °��0. CO2; ÏQ� MSR

78	: åé$� CH4; 2� 1 Nm3/hr � I � 7 ) �� CO2;

ÏQ î6� ���N °8��0.

� ©ª	: ÈÎ CO2; ÏQ3 3� �� 12%	: ¼�; bc 

� ä'¢ ��Þ bc'É� 30� 8Q K��	 TU: üâ¢ bc

� 8C� K¦� ÈNå� �0. CO2 ÏQ3 äjfB" �� 6%�

8%; K � yz� bc� ::¢ Xl� $�Þ bc � ��8f

B" 9P�� K¦� ÈNå� �0. ©DC CO2; ÏQ� 10%" �

N bc 2±� °�� 60�É	 /0: :+�^ bc� �����

��, bc Q �8�^ C¨�0. � ©ª� ÎfF" 8f��N CO2

E�ë� ��2� Fò�N Table 6	 C¨n_0. © °� CO2; Ï

Q3 10%�I 86%" bc� 3� � ���4�, 6%	: 43%, 8%	

: 57%, 12%; K 	:� 67%� ÈNå_0. TU: bc1Q 800oC

Table 4. Standard reaction conditions for reactivity test

Variables In case of temperature change In case of concentration change

Solid reactant Calcined at 950 oC with CaCO3 Calcined at 950oC with CaCO3

Reaction temperature (oC) 700, 800 800 
CO2 conc.(mol%) in N2 10 6, 8, 10, 12 
Reaction pressure (atm) 1 1 
GHSV(hr−1) 3,000 3,000 
Loading volume of solid reactant (ml) 1.6 1.6 

Fig. 9. Carbonation rate of prepared CaO solids on concentration of
CO2.

Table 5. Practical to theoretical consumption ratio of CO2 on reaction
temperature

Temperature (oC)
750oC 
(fresh)

750oC 
(recycle)

800oC 
(fresh)

800oC 
(recycle)

Practical consumption(ml) 373.33 227.63 543.66 479.1
Practical/theoretical consumption (%) 65 41 97 86
HWAHAK KONGHAK Vol. 41, No. 5, October, 2003
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Fig. 10. Carbonation rate of prepared CaO solids on reaction time at
isothemal condition.

Table 6. Practical to theoretical consumption ratio of CO2 on CO2

concentration in feed

CO2 concentration in N2 (mol%) 6 8 10 12

practical consumption (ml) 240 320 479 384
practical/theoritical consumption (%) 43 57 86 67
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