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Abstract − In this study, CuO-based sorbents were prepared to investigate their characteristics of the reduction and sulfur-

ization reactions. CS sorbents were prepared with various contents of CuO and SiO2. CMS sorbents were prepared with

25 wt% SiO2 and various contents of CuO and MoO3. CFS sorbents were composed of 25 wt% SiO2 and various contents of

CuO and Fe2O3. All sorbents were prepared using the simple mixing method which was known to be economical and easy to

apply. In order to investigate reactivities of the prepared sorbents in the reduction and sulfurization reactions, TGA experi-
ments were performed, and the activation energies of the reactions were calculated based on the Chatterjee-Conrad method.

Experimental results showed that the activation energy increased as the contents of SiO2 decreased for the reduction reaction.

The activation energy decreased as the contents of SiO2 decreased for the sulfurization reaction. The sorbents without additives

gave better performances than the sorbents containing additives in terms of the activation energy for the reduction and the sul-

furization reactions. CFS sorbents showed more favorable activation energy than CMS sorbents.
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X��9.:�Y(clean coal technology)� Z[. \]^ =C@1 �

A[1]. �9�_M `a[G(IGCC: Integrated coal Gasification Combine

Cycle) �Yb �9T �_M'c �L� �_ de� �_fgT Ch

'1 i RjT .:'c k�fg�l Am [G'� `a[G m_

n$� ob j "#T p1 �A� qr�l s
 t
 dC@1 �A.

iu*, IGCC� �Q�� �YZ[T (�l� �9�_� 1v�L

�Y. <��.w x^ yzQ�b ,{� 0|T }� ('c <=

� Q�.A[2-5].
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Westmoreland~ Harrison[6]b 28�	� �V� .:� yz]�T

]m'�1 i� �:� 11�	� ���(Fe, Zn, Mo, Mn, V, Ca, Sr,

Ba, Co, Cu, W). 400-1,200oC� v�5(�l yzL� �a'A�

�]T [�'�A. Ayala �[7]b 350-550oC� v�5(�l v��

� m�rl cu �	 ���M�T .:'c ���_�� j��

� H2S ����� �� ?�'�A. . ]�� �:� ��b Cu, Zn,

Fe, Ni, Sr, Ca, V, Co, Mo, Mn, W.�A. i ]� �� Cu� H2S �

���� A� ���� �'c �6 *��A. iu* CuO� H2S �

���� A� ��� FA o6 *��A. OPl CuO� Cu� D�

@� �T �LW � �Ar CuO� �, ��� yzL� � � �A

� �T Fc �A. Song �[8]b ,� �.¡�l yzL� C?��

���� yz�!T �	'� (�l 		¢ SiO2� £-b 25 wt%

.�. @¤� �A� �¥T F�A. Kyotani �[9]b ¦� CuO, CuO

~ SiO2� �
� §a�, SiO2� 		� CuO, SiO2� 7�� CuO,

zeolite� 		� CuO� L?'c, yzL� L?)¨� O� yz�!

T ?�'�A. i �� yzL� L?)¨� O� yz�!�� © ª

.� «¬T F1'�A. Lee �[10]b yzL� ­®x�T dC'�

('c Chatterjee-Conrad̈T .:'c yzL� ¯�M ��	� ?

�'�A.

° dC�l� CuO3 yzL� ­®x�T ��'� ('c ±�L

«. 		¢ SiO2� £-T 32.5 wt%, 40.0 wt%, 47.5 wt%� ²Mm³

CS yzL� L?'c 		¢� ́ µT ?�'�A. i
1 		¢ SiO2

� £-T 25.0 wt%� 1�'1 ±�L MoO3~ Fe2O3� £-T ¶¶

7.5 wt%, 15.0 wt%, 22.5 wt%� ²Mm³ CMS yzL~ CFS yzL

� L?'c ±�L� ́ µT ?�'�A. yzL� ­®x�T ?�'�

('c TGA ]�T ]m'�$w, TGA ]� �e� ·¸$� Chatterjee-

Conrad̈ [11]T �:'c yzL� D� H zM ­®�l� ¯�M �

�	� 3�'�A. B� CS yzL, CMS yzL i
1 CFS yzL

� yz�!T �¹'�A.

2. � �

±�L� £�'	 º1 CuO~ SiO2»$� .¼¤½ CS yzL�

L?�l SiO2� £-T 32.5 wt%, 40.0 wt%, 47.5 wt%� ²Mm¾ .

� ¶¶ CS6, CS7, CS8.P ¿¿'�A. B� 		¢ SiO2� £-T

25 wt%� 1�'1 CuO~ MoO3 i
1 CuO~ Fe2O3� 9 : 1, 8 : 2,

7 : 3� �#. @�À ±�L� £-T ²Mm¾ yzL� L?'�A.

±�L� £-� OP ¶¶ CMS8, CMS9, CMS10 i
1 CFS1, CFS2,

CFS3$� ¿¿'�A. ° ]��l� Á¦§a¨$� L?� yzL~

A� `Â� )¨$� L?� yzL� yz�!�� © ª.� «A

� ÃÄF1� ·¸$� yzL� L?� :.'1 EL�$�� �


� Á¦§a¨T �:'c yzL� L?'�A[9]. L?� yzL� ?

�T Table 1� *���A.

ÅÆ ¶ yzL� �e� ��½ �#� ÇN¤ Èb É ball mill�

l 6mÊ h� §a'�A. Ethylene glycolT ±�'c �Ë� Ì��

p6 ­Í'c extruder� Î� �S� É 200oC�l 4mÊ h� Ï?

mÐA. Ï? É tubular furnace�l 700oC� 4mÊ h� V�m³ Ñ

UÒ�$� 7Ó, 7�'c 90-106µm� Ô�� p� yzL� L?'

�A.

° ]��l Õ�@� D� H zM ­®|b Ö×~ Ø1 B� zM

­®T yz��.P1 W � �A.

CuO→ Cu + O2(D�)

2Cu + H2S → Cu2S + H2(zM)

]�� �:� ,{� TGA 2050(TA instruments).�$w, Ù6 Ú

�	� )¨$� TGA ]�T ]m'�A. '*� yzL� .¥��

U% D�-� zM-T ?�'� (� yzL� D�� 7(��l Û

G D�m³ É zM� m�� ]�$�l D� É zM ]�.P 	Ü

'�1 B A� '*� ]L IGCC system�l~ Ø. D�� zM�

hm� .¼¤	� ]�$�l yz, 
Ý i
1 yz$� .¼¤½

1.5 cycle ]�.A.

�Þ yz H 
Ý� 1.5 cycle ]��l� 
Ýv�� 700oC� 1�

'1 zMv�� 450oC, 500oC, 550oC� ²MmÐA. �_� G¢ �

-T 150 ml/min$� 1�'�$w, �_� MFCs(mass flow controller)�

�'c �-. ?\� É mixing tank�l §a@�A. TGA� me�

loading m�1 ßV� purge m�rl v�� ­®v�à	 � mÐ

A. v�� á�'6 �	@r ?�� Ç6 §a� §a�_� TGA�

âã�À '1 yz ­®. Û�@r ßV� purge m�rl 
Ýv�

à	 � mÐA. 
Ýv�� �ä'r �V~ ßV� §am³ É 


Ý­®T �å'�A. i
1 
Ý­® É�� Am yz­®T �å'

�A. ]��l �:� ���_� ?�T Table 2� *���A. TGA

�l ­®T æç �_� RS0� Î� NaOH :è$� )S@�$w,

TGA� �é0� Fê'� (� N2� 	��$� purge @�À '�A.

TGA� �:@� me� ëb ì 10 mg.�$w, ° dC� �:� ,

{� Zí�� Fig. 1� *���A.

D� É zM ]�)¨�l� �Þ 1.5 cycle ]�� æî�	� N2�

purge m�rl zM­® v�à	 v�� � mÐA. i
1 zM�

_ � H2S� Lï� D� �_� �-T 150 ml/min$� ?�'c §

a� É D�­®. á¤*�À '�A. D�$� �� ð6� ²M�

ñ .� *�*	 ºT ò, H2S�  Ô'c zM­®. á¤*�À '

�A. 
Ý­®b ]m'	 ºó$w, ­®v�� 450oC, 500oC i


1 550oC� ä
'c ]�'�A.

3. �� 	 
�

3-1. ��� �� �� ��

,��$� yzL� C?� ���T �	'� (�l� �Ë-�

1
2
---

 Table 1. Composition of various sorbents 

Metal oxides [wt%]
SiO2 [wt%]

CuO MoO3 Fe2O3

CS6 67.5 32.5
CS7 60 40
CS8 52.5 47.5
CMS8 67.5 7.5

25

CMS9 60 15
CMS10 52.5 22.5
CFS1 67.5 7.5
CFS2 60 15
CFS3 52.5 22.5

Table 2. Composition of simulated gas 

 Sulfidation Regeneration

H2 12.1 vol.% O2 5 vol.%
CO 19.1 vol.% N2 Bal.
CO2 6.8 vol.%
H2S  0.28 vol.% 
H2O 10.8 vol.%
N2 Bal.

Total flow: 150 ml/min
HWAHAK KONGHAK Vol. 40, No. 4, August, 2002
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		¢� �:'� �. �='A. ° dC]�l Song �[8]b yzL

� C?�� ���� yz�!T �	'� (�l 		¢ SiO2� £

-b 25 wt%.�. @¤� �A� �T K¿� · �A. OPl ° ]

��l� 		¢ SiO2 £-T 25 wt%0f 7.5 wt%ø k�m�rl 	

	¢� £- ²M� O� yzL� ­®x�T ?�'�A.

CS yzL� %'c zMv� 500oC�l D� É zM ]�T �å

� ��� Fig. 2� *���A. D�­®m�� yzL 100 g Ë CS6

yzL� 13.08 g, CS7 yzL� 11.95 g, CS8 yzL� 10.04 g� ð6

ùV� F�A. B� zM­®m�� CS6, CS7, CS8 yzL�� sulfur

loading(yzL 100 gË z ú�-). ¶¶ 12.88 g, 11.60 g, 10.14 g�

yz�!T Fc �A. .� CuO� £-. ùVW�À, û 		¢ SiO2

� £-. k�W�À sulfur loading. ùV£T *��1 �A. .�

		¢ SiO2� £-. k�W�À ­®� �, © ´µT  �   ­®

�ß� CuO� £-. ùV'c D�-. ùV£T *��1 �A. .

u� ��� Table 3� *���A.

B� CS yzL� %'c 1.5 cycle TGA ]�T ]m'�$w, zM

v�� 500oC.1, 
Ýv�� 700oCá ò� ]���� Fig. 3� *

���A. ]��� CS6 yzL� 10.80 g, CS7 yzL� 8.90 g, CS8

yzL� 8.70 g� sulfur loadingT F�$w, .�  ­® �ß� CuO

� £-. ùVW�À, û 		¢ SiO2£-. k�W�À G¢�� y

z!ü� ùV'� �T *�ýA.

Fig. 3� Table 3� *�þ ·~ Ø., CS yzL� yz�!b 1.5 cycle

]�FA D� É zM]��l o6 *��A. .� D� É zM ]

�b .¥�� D�-� zM-T ?�'� ('c ÛG D� É zM

]�T '�1, 1.5 cycle ]�b ]L Q�� ��� DE�l ]m'

�� òÃ.A.

3-2. 	
�� 
�

° ]�b C
3 yzL�l N��� yz!ü� ,��.¡�l

yzL� ���� yz�!T �	W � ��À '� ±�L� Òÿ

H £- ²M� O� yzL� ­®x�T ?�'� ('c �å@�

A. Table 1� *�ý ·~ Ø. MoO3, Fe2O3� ±�L� �:'�1,

		¢� 25 wt%� SiO2� �:'�$w B� CuO~ ±�L� £-

�� ²Mm�rl yzL� L?'�A.

3-2-1. CMS yzL� TGA ]�

­®v�� 500oC� E� CMS yzL� %� D� É zM ]� �

�� Fig. 4~ Table 3� *���A. D� ­®m yzL 100 g Ë CMS8,

CMS9, CMS10 yzL�b ¶¶ 13.94 g, 13.29 g, 12.59 g� ð6 ùV

� F�A. .� ±�L MoO3� £-. k�£� OP  ­® �ß�

CuO� £-. ùV'c D�-. ùV£T *�ýA.

zM ­® m�� CMS8 yzL� 13.94g, CMS9 yzL� 12.04g, CMS10

yzL� 10.28 g� sulfur loadingT *���A. û, zM­®�l� �

m D� ­®� æî�	� ±�L MoO3� £-. k�W�À, zM­

®� �, © ´µT  �   ­® �ß� CuO� £-. ùV'��

zM-. ùV'� �$� *��A. iu* ±�L� £�'	 ºb

CS yzL~� ä
 ±�L MoO3� ´µ$� �� CuO� £- ª.

Fig. 1. TGA/micro-reactor system.
1. N2 17. Flow meter
2. H2S 18. MFC
3. SO2 19. Mixing tank
4. Air 10. TGA
5. Mixing gas 11. Vent
6. N2

Table 3. TGA results of sorbents for sulfurization after reduction

Sorbent
Weight change during reduction 

[g/100 g sorbent]
Sulfur loading

[g sulfur/100 g sorbent]

CS6 13.08 12.88
CS7 11.95 11.60
CS8 10.04 10.14
CMS8 13.94 13.94
CMS9 13.29 12.04
CMS10 12.59 10.28
CFS1 14.63 15.54
CFS2 15.48 17.88
CFS3 16.45 19.44

Fig. 2. TGA results of CS sorbents for sulfurization after reduction(reac-
tion temperature: 500oC).

Fig. 3. TGA results of CS sorbents for 1.5 cycle(sulfurization: 500oC,
regeneration: 700oC).
���� �40� �4� 2002� 8�
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� O� D� H zM-� ùV �. �¤�T � � ��A.

CMS yzL� %� 1.5 cycle TGA ]� ��� Fig. 5� *���$w,

.ò� zMv�� 500oC.1 
Ýv�� 700oC.�A. 450oC�l

CMS8 yzL� 10.00 g, CMS9 yzL� 9.24 g, CMS10 yzL�

8.02 g� sulfur loadingT Fc ±�L MoO3� £-. k�W�À  

­® �ß� CuO� £-. ùV'c yz�!. ùV'� �T � �

�A. 500oC�l� CMS9 yzL� 12.99 g� sulfur loading$� �,

��� yz �!T F�$* £-� O� yz�!� Eµ�T F.

	� ºóA. iu* 550oC�l� CMS8 yzL� 12.88 g, CMS9 y

zL� 12.09 g, CMS10 yzL� 11.97 g� sulfur loadingT Fc ±�

L MoO3� £-. k�W�À   ­® �ß� CuO� £-. ùV'

�� i� O� yz�!. ùV'� �T � � �A. G¢�$� CMS

yzL� yzv�� oT�À FA ob yz�!T F�1, ±�L

MoO3� £-. �T�À ­®� �� �c'�  ­® �ß� CuO�

£-. �Ö� FA ob yz�!T *�	A.

±�L� £�'	 ºb CS yzL~ MoO3 ±�L� £�� CMS

yzL� TGA ]�T �¹� ��, ±�L� £�'	 ºb CS yz

L FA ±�L MoO3� £�� CMS yzL� ñ © D�-� sulfur

loading 
T Fc �A.

3-2-2. CFS yzL� TGA ]�

CFS yzL� E��� U% D�-� zM-T ?�'� ('c 500oC

�l D� É zM ]�T �å'�A. Fig. 6� Table 3� TGA ]��

�� *���A. ±�L� ë. 7.5 wt%, 15.0 wt%, 22.5 wt%� k�

W�À yzL 100 g Ë D�-. ¶¶ 14.63 g, 15.48 g, 16.45 g$� k

�'�A. B� zM-� ±�L� ë. k�W�À 15.54 g, 17.88 g,

19.44 g$� sulfur loading. k�'�A. Øb ë� ±�L� £��

CMS yzL~ CFS yzL� �¹�T ò, CFS yzL� D�-� z

M-. MoO3� ±�� CMS yzLFA G­�$� o6 *��A.

.� ±�L Fe2O3� N��� yz!üT ��$�� MoO3� ±�L

� �:'� �FA Fe2O3� ±�L� �:'� �. �
'A� �T

Fc �A.

CFS yzL� %� zMv�� 500oC� 
Ýv�� 700oC� 'c

]�� TGA 1.5 cycle ��� Fig. 7� *���A. 450oC�l� £-

²M� O� Eµ�b F.	 ºó$* CFS2 yzL� 12.01 g� sulfur

loading$� U1 yz�!T F�$w, CFS3 yzL� E� +� �b

yz�!T F�A. 500oC�l� CFS1 yzL� sulfur loading. 12.16 g,

CFS2 yzL� 12.01 g, CFS3 yzL� 10.23 g$� ±�L Fe2O3� £

-. k�W�À   ­®�ß� CuO� £-. ùV'c sulfur loading

. ùV'� �T � � �A. 550oC�l� CFS1 yzL� sulfur loading

. 14.04 g, CFS2 yzL� 11.79 g, CFS3 yzL� 11.39 g$� 500oC~

æî�	� ±�L Fe2O3� £-. k�W�À  ­® �ß� CuO�

£-. ùV'� òÃ� sulfur loading. ùV'� �T � � ��A.

CFS yzL� ±�L Fe2O3� £-. k�W�À   ­® �ß� CuO

� £-. ùV'� òÃ� yz�!. ùV£T F�$w G¢�$�

±�L� £-. �1 v�� oT�À ob yz�!T *���A.

Fig. 4. TGA results of CMS sorbents for sulfurization after reduction
(reaction temperature: 500oC).

Fig. 5. TGA results of CMS sorbents for 1.5 cycle(sulfurization: 500oC,
regeneration: 700oC).

Fig. 6. TGA results of CFS sorbent for sulfurization after reduction
(reaction temperature: 500oC).

Fig. 7. TGA results of CFS sorbents for 1.5 cycle(sulfurization: 500oC,
regeneration: 700oC).
HWAHAK KONGHAK Vol. 40, No. 4, August, 2002
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D� É zM ]� ���l Fe2O3� ±�� CFS yzL� MoO3�

£�� CMS yzL FA ob yz�!T *���$w, 1.5 cycle ]

� ��� CFS yzL� CMS yzL FA ��� �!T F�A.

3-3. ���� ��� ���

° dC�l� cu �	 ¯�M ��	 �� �¹¨ � Chatterjee-

Conrad ̈ T .:'c 		¢� £-²M~ ±�L� £-²M� O�

¯�M ��	� ?�'�A.

Chatterjee-Conrad̈T .:'r ­®T 1ª� ��'c A¬ �Þ|

� �
��0f ¯�M ��	� �6 CW � �A.

ln( )−ln(1−X) = − + lnA

3-3-1. CS yzL� ¯�M ��	

¯�M ��	� D� H zM ­®$� C7'c ?�'�$w, Fig.

8�� CS yzL� D�� <=� ¯�M ��	� 3� ��� i×

�� Õ� *���A.

CS yzL� D�� <=� ¯�M ��	� CS6 yzL� 65 kJ/mol,

CS7 yzL� 51 kJ/mol, CS8 yzL� 33 kJ/mol.�A. û, 		¢

SiO2� £-. k�W�À D�� <=� ̄ �M ��	� ùV'� �

T Fc�A. iu* zM� <=� ¯�M ��	� CS6 yzL�

22 kJ/mol, CS7 yzL� 41 kJ/mol, CS8 yzL� 104 kJ/mol.�A.

û, 		¢ SiO2� £-. k�W�À zM� <=� ¯�M ��	�

k�'�A. CS yzL� D�� zM� <=� ¯�M ��	 
T

Table 4� *���A.

]� ��� ·¸$� �b ¯�M ��	»T NC�Ar D�­®

� zM­®�   ­® �ß� CuO� £-T Ê�W � �$�� U�

� 		¢ £-T ��'� (�l� D�­® H zM­®� ¯�M

��	~ yz�!T �Ú 1�'c� �A.

3-3-2. CMS yzL� ¯�M ��	

D� H zM ­®$� C7'c ̄ �M ��	� ?�'�$w Fig. 9

�� D�� <=� ¯�M ��	 3���� i×�� Õ� *��

�A. CMS yzL� D�� <=� ¯�M ��	� CMS8 yzL�

173 kJ/mol, CMS9 yzL� 128 kJ/mol, CMS10 yzL� 103 kJ/mol

� *��A. .� ±�L MoO3� £-. k�W�À D�� <=�

¯�M ��	� ùV'� �T Fc�A. iu* ±�L� £�'	

ºb CS yzL� D�� <=� ¯�M ��	~ �¹W ò ¯�M

��	� +� o6 *��A. û, ±�L� £�'	 ºb CS yzL

� ±�L MoO3� £�� CMS yzL FA �� �
'A. iu*

1.5 cycle ]� ���l *�þ yz�!T �¹W ò CMS yzL�

CS yzL FA ob yz�!T *���A. OPl U�� yzL�

L?'� (�l� ¯�M ��	~ yz�!T �Ú 1�'c� �A.

CMS yzL� D�� <=� ̄ �M ��	 
T Table 5� *���A. 

3-3-3. CFS yzL� ¯�M ��	

Lee �[10]. F1� ·� �'r D�­®� <=� ¯�M ��	�

CFS1 yzL� E� 149 kJ/mol, CFS2 yzL� E� 99 kJ/mol, CFS3 y

zL� E� 57 kJ/mol.�A. OPl ° ]��l� CFS yzL� z

M­®� %� ¯�M ��	»T C'�A.

dX
dt
------- E

R
----1

T
---

Fig. 8. Chatterjee-Conrad method for CS sorbents in reduction reaction.

Table 4. Activation energy and standard deviation of CS sorbents [kJ/mol]

Activation energy Standard deviation

Reduction Sulfurization Reduction Sulfurization

CS6 65 22 1.5 0.2
CS7 51 41 1.0 0.5
CS8 33 1040 0.3 1.5

Table 5. Activation energy and standard deviation of CMS sorbents [kJ/mol]

Activation energy Standard deviation

CMS8 173 0.9
CMS9 128 1.2
CMS10 103 0.8

Fig. 9. Chatterjee-Conrad method for CMS sorbents in reduction reaction.

Fig. 10. Chatterjee-Conrad method for CFS sorbents in sulfurization
reaction.
���� �40� �4� 2002� 8�
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he
Fig. 10�� zM­®� <=� ¯�M ��	� C'� 3����

i×�� Õ� *���A. CFS yzL� zM� <=� ¯�M ��

	� CFS1 yzL� 31 kJ/mol, CFS2 yzL� 44 kJ/mol i
1 CFS3

yzL� 73 kJ/mol.�A. .� ±�L Fe2O3� £-. k�W�À z

M� <=� ¯�M ��	� k�'� �T Fc�A.

zM­®�l Fe2O3� ±�� �'c ¯�M ��	� 
. k�'

�	», Fe2O3� £-. 15 wt%� E��� i ́ µ. �� *�*	 º

ó$w, Fe2O3� £-. 22.5 wt%� E��� I^� ¯�M ��	�

ùV'� �$� *��A. û, Fe2O3� £-. á�- .�á E���

¯�M ��	 qr�l I^� �
'6 �:'� �T � � �A.

CMS yzL~ CFS yzL� D�� <=� ¯�M ��	� �¹

� ��, G¢�$� CFS yzL� D�� <=� ¯�M ��	 
.

�6 *��A. .� D�� <=� ¯�M ��	 qr�l MoO3�

±�L� �:'� �FA Fe2O3� ±�L� �:'� �. �
'A

� �T *�ýA.

4. � �

		¢ H ±�L� £-²M� O� yzL� ­®x�T ��'�

('c TGA ]�T �å'�$w Chatterjee-Conrad̈T �:'c ¯

�M ��	� C'�A. yzL� x�T �¹ ��� �� A¬� Ø

b �¥T ��A.

(1) 		¢ £- ²M� O� yzL� x�T ?�� ��, yz!ü

� qr�l� 		¢ SiO2� £-. k�W�À G¢�� yz!üb

ùV'�A. i
1 ¯�M��	� qr�l� 		¢ SiO2� £-.

k�W�À D�� <=� ¯�M ��	� ùV'�$w, zM� <=

� ¯�M ��	� k�'�A.

(2) ±�L £-²M� O� yzL� x�T ?�� ��, CMS y

zL� MoO3� £-. k�W�À yz�!. ùV'�$w, CFS y

zL� Fe2O3� £-. k�W�À yz�!. k�'�A. i
1 ¯

�M ��	� qr�l� CMS yzL� MoO3� £-. k�W�À

D�� <=� ¯�M ��	� ùV'�$w, CFS yzL� Fe2O3�

£-. k�W�À D�� <=� ¯�M ��	� ùV'�1 zM�

<=� ¯�M ��	� k�'�A.

(3) ±�L� £�� CMS, CFS yzL� yz�!b ±�L� £�

'	 ºb CS yzL FA o6 *��A. iu* ¯�M ��	 qr

�l� ±�L� £�'	 ºb CS yzL� �b ¯�M��	 
T

F.w FA �
� �$� *��A. iu�� ]L yzL� L?'

� (�l� yz�!� ¯�M ��	� �Ú 1�'c� �A.

� 


° dC� ����0� IGCC ���YZ[T (� G7 �L� áD

$� �å@�$w dC� 	�� ù� ���A.


���

A : arrhenius constant

E : activation energy [kJ/mol]

R : universal gas constant [J/molõK]

T : temperature[K]

t : time[sec]

X : conversion of reactant
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Table 6. Activation energy and standard deviation of CFS sorbents [kJ/mol]

Activation energy Standard deviation

Reduction Sulfurization Reduction Sulfurization

CFS1 149 31 0.5 1.3
CFS2 99 44 1.0 0.6
CFS3 57 73 0.6 2.2

Table 7. Comparison of activation energy for various sorbents of same
CuO contents [kJ/mol]

CuO
(wt%)

Reduction reaction Sulfurization reaction

CS 
sorbents

CMS 
sorbents

CFS 
sorbents

CS sorbents
CFS 

sorbents

67.5 65 173 149 22 31
60 51 128 99 41 44

52.5 33 103 57 104 73
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