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 SO2 ����� ��� ���� . Bench scale PFBC

�
 !�� �
�� �"� #$%� !&!� '(��)*, ��+, ��-.� /'�� ��
 SO2, %�� 0"1

� 23 . !�4 56� 789:�
 ;�< ���=�, !&!4 56� >?9:�
 @4 A= . BCDE� 	 F

G 0.17 m, freeboard FG 0.25 m=�, H I=� 5 m� =J�K . BC4 LM�N(1-6 atm), LMO�(850-950oC), PQ

RS(10-30%), Ca/S TU(0.8-4.8), /V)� WX�� . YPZ)� [� #$\� ]^ 	(bed)O�� 1, 2 S�_ `

850oC, 4 S�_ ` 900oC, 6 S�_ ` 950oC� abc . d #$\4 ef BC/V�
 LM�N, Ca/S TU, PQR

S� g��� hi g��� . �����, ����	�
j "kZ^ SO2, ��� l�� mm, LM�N�
 Zk

n Ca/S TU� 2 S� =�_ ` Ca/So4.8, 4S�_ ` Ca/Sp4.8, 6 S� =q_ ` Ca/Sr4.8s ]� .

Abstract − This study was to investigate the SO2 emission with Korean anthracite in a PFBC (Pressurized Fluidized Bed

Combustor). This work focuses on the control of SO2, one of the severe air pollutants in flue gas, emission characteristics by

injecting sorbent during the combustion of coal in a bench scale PFBC. The coal and limestone used in this work were Tae-

back anthracite and Samchuck limestone, respectively, in Korea. The effects of operation parameters such as pressure (1-6

atm), bed temperature (850-950oC), excess air ratio (10-30%) and Ca/S mole ratio (0.8-4.8) on desulfurization was investi-

gated in PFBC (0.17 m of bed diameter, 0.25 m of freeboard diameter and 5.0 m height). The bed temperature showing max-

imum sulfur capture increased from 850oC at 1 and 2 atm. to 950oC at 6 atm. with 10% of excess air ratio. Sulfur capture

increased as excess air ratio increased at all experimental condition. Both the sulfur capture and the temperature showing max-

imum sulfur capture increased as operation pressure increased. It was recognized that Ca/S mole ratio higher than 4.8 was
needed below 2 atm. and lower Ca/S mole ratio than 4.8 was needed at 4 and 6 atm. for the stable SO2 emission in combustion

of Korean anthracite.
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�� ���� � �! "#�$%. & '( )*� ����� ��

� +,-./, 01, "234 56 ��� %78 /9� +:;< =

/� >?�$%.  �@A� ��� 78�6 �*BC �DEF� G

;H, & +��I ��� J�� ?!� ��6 2000K� !�;< 


L 10KJ 50%� �DM� N��O G%. P� �QR�� ST�U

VW� ��� X��YU Green Round(GR)� ��� �QZ[,\�

]^� _`��� R�a� bcU ADJ� de��fg �b.h

i� j�D k l ?m�%. FnB;< !Lo,]^ L*bc< �

=,p7� Y>BC qr� ��� .sVW tu a�cv 1,�O,

�QR�� wx�yU ��v z{| �O G%. �}� ���� (
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hBC .)~ R�wx� ��� O�M~ R��,BC �� >?7

� ��� ��� �h�%[1].

�p� �� ���� BO, ���� �� ���� (hB .)�

D��O, >��� 8�� D�� ����� .sVW� tu� �

���%. &}�< x�A��U R��,B�O, �MBC &�O �

�BC �h�p	�!�� w>�� �)�O G%[2]. �h�p	�

!�6 �pD�,��>?(IGCC), �pD�,��?�(IGFC), D� 

'¡��>?(Pressurized Fluidized Bed Combustion Combined Cycle,

PFBC-CC) ¢�  £BC !��%[3].

D� '¡��>?(PFBC-CC)6 O�M ¤ �.s ¥F  >?!�

<�, �p� �7��� �7�� �s ��¦ �!< �!g§� Q

'�O, OZ O�� �7D�< D�g§� Q'�U ��>? !��

%. �}� D� '¡�7!�6 �7<4 ��¨© ¢ OZO�� ª

«!v �¬�!(� �c­;<® �cv 7¯,° 
 GO, ±?�

J��² �³,° 
 G%. !´�  '¡�74 5� �7ZID µ

� W7=,V� tu� BO, ��� �7" �¶�� <·� ¸¹�

� >��U SO2v <·�� º» �q�U ¼� D��� ½I� ¾

¿.h� �� À%. P �7<·� �¬� Á� �7­;< ª«*I

D �D�O, D�� �Â �¬�!·� =7z�� Á! ÃÄ� B6

�B·�� �6 Å� ��v �7° 
 GU ��B;< �
� �h

�p��!��%[3, 4].

Æ �QU �h�p	�!�< ? FnB;< w> �)�O GU D

� '¡�7��>?� A·� I¹l ¼�  8��, A·�� D�

�6 Å� �=�U 1ÇI ÈÉ�e� d�p� D� '¡�7<�

� �7"Ê �7!_+� Ë­¦  !ÌÍVWC ¿=,V� tu�

�Î° 
 GU ¾¿Ï�� Ð� !Ñ�QY�<�, D� '¡�7<

� ±?o
� �Ò ¾¿Ï�� 9�BC s�� ÓB;< 
Ô�Õ%.

D� '¡�7�� ¾¿� Ö
CY< × Øy� ±?�¬, ¡(bed)Z

I, ~Ù.!� o,4 �¶�� CaO4 �p+� ¿­�~� Ca/S Ú

8v o,"Û�� ¾¿�Ü� 
Ô�$%.

2. ����� 	
 ��

 '¡ �7v Ýs �p;<fg tu¦ SO2v �Þ�! ��� ¾

¿�< �¶�(CaCO3)~ É±�(CaCO3·MgCO3)� ���%. � ¾¿

�U ª«(1)� Ý�� SO2v �Þ° 
 G%[5]. 

CaCO3+SO2+1/2O2 → CaSO4+CO2 (1)

ß (1)� ª«6 2�n< �àÎ�U ��D GO 1�n< �àÎ�

U ��D G%. �7<� �¬� ��báâÃU 7�ª«(calcination)

~ ¿,ª«(sulfation)� 2�n< �àÎ�O, D�báâÃU º»¿,

ª«(direct sulfation)C ß (1)~ 5� 1�n< �àÎ�%[6].

7�ª«�ã �¶�� CaO4 CO2� ¯È< zs �U ª«;< ä

�ª«�%. �7<�� CO2� z�� �¶� 7�� å¯�¬�% µ

� Ã æ �� '¡�7bá�� �7<·� ̧ ¹¦ CaCO3U %ç ß

(2)4 5� CaO4 CO2� ¯È< 7�¦%[7].

CaCO3→CaO+CO2 ∆H=183 kJ/gmol (2)

ß (2)~ 5� 7�¦ CaOU O2D ´��U �È�� SO2v ä
�

� CaSO4v ¯��U ¿,ª«� �è 
 G%. � B;< CaSO4U

(h� O_��< ß (3)~ 5� é² SO2v ê�° 
 G%. 7�ª

« +� ��¦ CO2U �¶� +� !.(pore)� ���O k�"ÛU

e°� ��<, ¿,ª«�  � £�B� ë² �U �~D G%.

CaO+SO2+1/2O2→CaSO4 (3)

âªB;< 7�ª«� ��� ��¦ CaOU ß (3)~ 56 ¿,ª

«� Ýs ì?| CaSO4< ?R��U íU%. îï�� ¿,ª«�

Ýs O_�� fðD �D�� ¾¿�� !.¹QD ñò� ¾¿��

·f£�6 ó ª«�È< ô! ÃÄ�%.

 '¡�7<� b/ZI(800-950oC)�� CaCO3� SO24 º» ª

«�U ¼6 CO2� z�� ß (4)4 56 å¯�¬�% Á� Ã �àÎ

�O, 7�ª«6 � B;< õö² �àÎ��� CO2� z�� ¸Î

� ZI��� å¯z��% µ6 ���Þ÷, PU �7<� ZID

¸Î� CO2� z��  � å¯7�ZI�% Á6 ���� �àÎ�

%[8]. å¯z�[atm]6 ß (4)4 5%.

Peq=1.2×107 exp (4)

�!� EU 	�,���< 159,000 kJ/kmol, R6 !_�
< 8.314

kJ/kmol·K� ¯È< ¸Î�%. �� �7<�� CO2 z�6 �7<�

b/�¬~ ~Ù.!M� Ö
� øU%. 

 '¡ �7�� P %Ò ¾¿�< ���U É±�6 calcium carbonate

(CaCO3)4 magnesium carbonate(MgCO3)� ,�V< D�" 620oCf

ù�� é² zs¦%[9]. 

CaCO3·MgCO3 → CaCO3+MgCO3 ∆H=183 kJ/gmol (5)

MgCO3U úû �7ZI ¤ �¬ ��� é² 7�¦%. 

CaCO3+MgCO3 → CaCO3+MgO+CO2 ∆H=100 kJ/gmol (6)

ß (6)�� ��¦ MgOU ZI 540oC�� 980oCj��� SO24�

ª«*ID �� ü��< SO2� ä
� ½ e°� �� ý�%. &}

÷ CaCO3� 7���4 þÿD�< MgCO3� 7�ª«" ��¦ CO2

U ¾¿� ·f� !.� ��"Ê ¿,ª«�  � ¿=,V� ?�

�U !.� k��U e°� �² ¦%. &}�< D��È�� É±

�� �¶��% � �6 ¾¿M� �â 
 GU ¼�%[10]. ��² É

±��� MgCO3� 7�ª«� half calcination��O �%. 

âªB;< D� '¡�7<�� Á6 CO2� z�6 CaCO3� 7�

� \s�U ¼;< Øy� G%[11-14]. CaCO3� 7�ª«� �� í

² �� SO2� �ÞU ß (1)~ 5� º»¿,ª«;< âÎ[%. CaCO3

� CaSO4< ?R�U hIU D� '¡�7bá��� 7�ª«� �

� íU �¶�� �� º» ¿,ª«�%U �� '¡ �7bá��

7�ª«� �àU �¶�� ¿,ª«� � Á%O �$%[13, 15]. 

&}÷ º»¿,ª«��I Á6 ?RM� �� 
 G%. �¼6 ª

«�n��� CO2� >�� !C� ¼��O ° 
 G%[16]. �¬�

��­� �� ¾¿M� �D� ¼6 ¾¿�� _�"J~ ¾¿�� ª

«£��� ¯�¦ !.� Qb� !C� ¼;< 	 
 G%. Ñ!�  

'¡�7� Ð� �Q�� ¾¿6 ±?�¬� ��­� �� CO2� z

�� ����, ¾¿�·� CO2� 7�å¯�¬�% Á! ÃÄ�, ¾

¿��� 7�ª«� >��� í� ¾¿� ·�� CO2D \u�� í

U Ðn< .
� >�� BÎ q7�U ¼;< �O�Õ%. 

3. 
� �� � ��

3-1. ����

D� '¡�7�cU d�p� ¾¿�Ü� ��¦ �Ü�c< Fig. 1

� ÷�� 
4 5� Q��Î G%[17, 18]. �Ü�cU �� ¤ .!�

.)f4 �7<f &�O �7!_ ê�f< Q��Î G%. ��� .

)fU �p~ ¡VW� screw feeder� ��� �7<� �f� .)�

I� �$O D�bá�� �*B;< ¸¹� D��I� � w� ��

b< Q��Î G%. P  '¡�� ¡VW� tu� ��� ¡� +:

� tuÐ� �c�O �f� ��¯ �ë� tu!D �c�Õ%.

E–
RT
------- 

 
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�7<U ¡~ freeboard< ÷�%. ¡6 zt!4 »s GU fz�

º� 0.17 m�O, zt!<fg Á� 2 mi� 0.25 m< k��U tapered

bed�O, freeboardU º� 0.25 m< Á� 3 m�H, �7< �Á�U 5

m< �ÎG%. �7<U ·,�4 ���< Q��O �¬� ��� p

71�� �¬�!< �y �� G%.  '¡ r\
 �¬zËv �h

�! ��� z=�;<fg 6w� �¬�� �O, �¬oR!4 �`

�$%. �7<� r\
ZIzËv �h�! ��� 9w� ZI �h

�v �Î �? (thermocouple, K-type)v �c�$%. &�O ¡ZI

v �Î�! ��� �¶
� ?�Ð� ¡(bed)fz� 10wD �c�O,

freeboard fz� 6wD �c�Õ%.  '¡� N�� �� LPG ��U

plenum~ �`�Î �c�Î G%. 

�7!_ ê�fÄ6 2w� ��¨©� �÷� �¬�!·� �Î G

O, ?_BC .h� �¬� b��! �� �¬b���, �7!_�

�¬� 1��! �� 7ç!(silencer)4 �7!_+� z�� �Þ�

! �� bag filter< Q��Î G%.  !�;< µ�� �7!_U O

Z�! ÃÄ� º» bag filter�  ¹�� íO, .!��!��  ¹¦

�Z.!4 ��� L ZIv �1"Ê É�g�  ¹�$%. �7!_

� .sVWtuÏ�� z��! ��� !_� �¬�  !�;< 1

�¦ 7ç!� L��� "���v ° 
 GI� �Î G%. Æ �Ü

�c�� �° 
 GU �Ü dataU PC� ��¦%. 

3-2. ���� 

�c� (hBC ±?� ��� ?Ç��cv ON�O,  ',.!�

.)� �� .!�r!4  9 n�!!�� �Î� .!� .)� �

� .!�r!v D'�O, .!�r!� ��� .!��!ëD 7 kg/

cm2� �¬;< "?�� booster compressor� .)�$%. �r.!

D �7"�#� .)�! ?� �¬� 20 kg/cm2D �� W� �n

(mass flow meter)v Ý�� .!v .)�$%.

��bá�� LPG ��v ����  '¡� ZIv ��"ÛO ¡

VW� .)�$%. ¡(bed)ZID 450oCD l Ã  �p� .)�$

%. �7<� ¡ZID 650oC� �ö� N���v 7,"ÛO,  �

p� .)� +��O d�p� .)�� ¡� ZIv  ���� �

p� .)�~  ', .!�� b���  '¡� ZIv �D"$%.

�7<� ZID (hB�� �¬� ��| �D"% L �7<� �

¬� �Übá� �ö� �¬b���v #'�� �¬�  �"$%.

�7<� ZID �Übá;< b��� �7<� �¬�  !��

È< ¦ 7ç!� L��� tD�v ���� z�!� ¸¹�$%.

��¦ D�U z�!� ¸¹�! ?� X*�g�� óF� z�� Ë

&�O B'� ZI4 �¬ &�O  ��  ��$%. tD�z�!

(Advanced Optima URAS-14, Hartman & Brown Co.)U O2, CO2, CO,

SO2, NOx &�O N2Ov z�� D�� ¼�%. D�z�6 �"J;

< n*B;< �àÎ(%. �7<� ZIv âh�²  �° 
 GI

� �"J� )* �Ü� 
Ô�$%.

�©BC SO2� +IU ��¦ d�p� Ç7z�~ ./z�cv

ùÞ< n=�$%. P �h¦ SO2+IU  ¹¦ ~Ù.!� Å� �

�, tD�< tu�U =7+ID %ö�< tD�� =7+I 6%v

!�;< R=�$%. P d�p� ¶z+� CaOD Îü hI ­ �

Î GÎ �v ¿ ­�~ 8,�� �� Ca/S Ú8 0.8� s'��< ¾

¿�v ¸¹�� íO �p�� �7� `~v Ca/S Ú8=0.8< J¸

�$%. d�p� ¾¿M[19, 20]6 ß (3.1)~ 5� n=�$%. 

Sulphur Capture=1−   (7)

Table 16 �Ü� ��¦ �p~ �¶�� Ï�� ÷�-%. �p6

d�p;<  �@A�� D� �� �p�U 1ÇI ÈÉ�e�� �

6 ¼�%. ¿ ­ �� 0.54%�O, ¶z� ^ 31%�O, >��6

4,850 kcal/kg�%. �7<� ¸¹¦ �p� ë!U 5 mm ��<  �

�$%. ¡ VW6 Y�= ú.< å/¹ID 0.25 mm$%. ¾¿� �

�� ��¦ �¶�6 1ÇI 01�e�� �6 ¼�O, CaCO3� ­

�6 ^ 97%v �$%.

 
Measured SO2 Concentration

Theoretical SO2 Concentration

Fig. 1. Schematic diagram of the pressurized fluidized bed combustion facility.
���� �41� �1� 2003� 2�
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Table 2� �Übá� ÷�-%. Æ �Ü��U  '¡�7�� ¾¿

� D� Ö
� ócU  '¡� �¬(1-6 atm), ZI(850-950oC), ~Ù

.!(10-30%) &�O Ca/S Ú8(0.8-4.8 mole)v o,"ÛO, �Ã  '

,*IU 1.1 m/s, ¡ Á�U 2.0 m< Oh�� �Ü�$%.

 

4. �� � ��

D� '¡�� ¾¿� Ö
� ócU CYU ±?báC  '¡�

�¬~ ¡ZI, ¡·�� !_� _�"J, ~Ù.!� Å,  '¡� ¡

Á�¢� GO, ��bá;<U �p� 9�4 ¿ ­� ¢�O, ¾¿�

� bá;<U 9�, ¹IzË, CaCO3� ­� ¢� G%. Æ �Ü��

U  '¡� �¬, ZI, ~Ù.! &�O Ca/S Ú8v o,"Ê &�

�Ò ¾¿hIv O2�$%. 

4-1. �(Bed) �	 
� 

D� '¡�7<�� A·d�p� (hBC �74 Ç	� ¾¿�

Ü� ��� �p� �7" �7<·� ZIzËD âh�²  ��Î

3 �� ZIbá� B��² 	�° 
 G%[21]. 

Fig. 2U �¬ 6 !��� ¾¿�Ü� �� d�p� �7�� Ñ!

�,"!fg � 32"J'( "J� �Ò D� '¡�7<� ZIo

,v ÷�� ¼�%. Ñ! �7<� N�6 ���� LPG� �7��

� ��� "#�Õ%. N���� ��� d�p� �7�U ZIi�

���! Î4! ÃÄ� �7<� ZID 450oC� �ö�  �p� ̧

¹�� �7"5;< ¡ZIv ��"6 
 GÕ%. Air box� ZIv

�� ±?"J 9"J� �÷�fg âh� J�;< ^ 30oC7 Ìö

·�U ¼� 	 
 G%. �¼6 d�p �7� ��� >�� ¶z�

¸!B;< tu� `~<, .!�Y� +:fv ÐÝ�� �c¦ ¶�

tuÐ� OZ� ¶�D tu��� .!�Y�  ¹¦ �Z� .!D

N��Õ! ÃÄ�%.  '¡� ¡VW� .!zt!<fg Á� 2 m

i� "?�Î G;�< ¡ ZIv ÷�� 58� ZIU Þ� 89�

zËv ÷�-%. %� 0.10 m�� ZID %Ò ���% ^J µ²  

��ÕU: �¼6 d�p� ̧ ¹�� �c¦ Ðn< Ñ! d�p� ̧

¹�Î "z| ���� ý� �È�! ÃÄ�%. ¡ZID 900oC��

950oC< ��° Ã�I 8,B (h¦ �È<  ��Õ%. Freeboard

� ZIU ¡ZI�% µ²  ��Õ%. D� '¡�� �7U ¡��

Þ� �àÎ�O, freeboard�� �7U Þ� ÀO, ¡�� 8=�U ¶

z� �� �?��� �àÎ�U Ðn< ZID µ²  ��U ¼;

< ��¦%[22]. 

4-2. ��	� 
�

¡ZI� Ö
6 'â� �¬bá�� ¡ ZI� o,� �� ¾¿M

� Î;² o,�$U�v ÷��%. ±?�¬j�U 1 atmfg 6 atm

;< � �¬� CO2z�;< �� 0.15 atmfg 0.9 atm;< 	 
 G

%. Æ �Q� ±?�¬6 ¾¿�� CaCO3D CaO< 7�� �Ô�U

Öe�%[23]. CO2z�� 0.3 atmfg 0.9 atm;< ��­� �� �¶

�� 7�ZIU �D�%. CO2z�� 0.15 atm;< �� â Ã ¡ Z

I 800oCfg 1,000oC ��i� CaCO3D 7��U Öe�%. &}÷

CO2z�� 0.3 atmfg 1.5 atmj���U CaCO3D CaO< 7��y

� ª«ZID ���Î3 �%. &�O ª«ZI 950oC ���� CO2

z�� 1.5 atm ��â �� CaCO3D CaO< 7��� íU Öe�%. 

 '¡�7�� ¡ZIU ��� báâ ���U 850oC fù��

D� Á6 ¾¿M� ��O ZID ��­� �� q7�%. &}÷

CaCO3D CaO< 7��� íU ±?�¬��U ¡ ZID ��­� ¾

¿M6 �D�U ¼;< �O�O G%[13, 24].

Table 1. Fuel properties

Coal  Anthracite(taeback)

Elemental analysis(%) Proximate analysis(%)

Carbon 60.3 Moisture 5.63
Hydrogen 0.95 Volatile 4.81
Nitrogen 0.56 Ash 31.29
Sulfur 0.54 Fixed carbon 58.17

Size of feed coal(mm) Under 5.0
High heating value(kcal/kg) 4,850

Sorbent Limestone(samchuck)

Size of feed limestonel (mm) Under 0.7
Limestone analysis (%) CaCO3 (CaO) 97.35(54.25)

Table 2. Experimental conditions

Experimental parameters Conditions Remark

Operation pressure[atm] 1, 2, 4, 6
Bed temperature[oC] 850, 900, 950
Excess air[%] 10, 20, 30
Ca/S mole[−] 0.8, 1.8, 2.8, 4.8
Superficial gas velocity[m/s] 1.1
Static bed height[m] 2.0 0.5 at 1 atm

Fig. 2. Temperature profile of pressurized fluidized bed combustor with
operation time.

Fig. 3. Sulfur capture with respect to bed temperature, Ca/S mole ratio
and pressure at excess air 10%.
HWAHAK KONGHAK Vol. 41, No. 1, February, 2003
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Fig. 36 ~Ù.! 10%â Ã   � ±?�¬~ Ca/S Ú8�  ��

¡ ZI� ­
< ¾¿M� ÷�� ¼�%. �!� <  ¾¿M� �C

¡ZIv é² Ø 
 G%. ±?�¬ 1, 2 atm�� < ¾¿M� �C

ZIU 850oC<, ZID ��­� �� ¾¿M6 q7�$%. ±?�

¬ 4 atm�� D� Á6 ¾¿M� �C ZIU 900oC< ÷�=O, P

�¬ 6 atmâ Ã 950oCv �$%. ±?�¬� ��­� �� <  ¾

¿M� �C ZID �D�$%U ¼� Ø 
 G%. <  ¾¿M� ÷

�� ZID ��� ¼6 �¬� ��­� �� �¶�� 7�ZID

�D� ¼;< 	 
 GO P �D¦ �¬;< C�� =7z�~, SO2

4 ª«� ¾¿�� £�QbD µ6 �¬�� SO24 ª«� £�~U

%ö² !.� ë!D >� ä
�¬� ��(! ÃÄ��O ��¦%.

4-3. ����� 
�

Fig. 4U Ca/S Ú8 4.8�� �¬� o,� �Ò ¾¿M� Ðnv ÷

�� ¼;< ¡ZI 850oC�� �¬ 1 !�â Ã 0.70-0.80, 2 !�â

Ã 0.84-0.91, 4 !�â Ã 0.93-0.97 &�O 6 !�â Ã 0.95-0.99� �

$%. ¡ZI 900oC��U 1 !�â Ã 0.64-0.79, 2 !��� 0.82-

0.90, 4 !�â Ã 0.93-0.97, 6 !�âÃU 0.95-0.99v ÷�· �¬�

��� �� �D�$%. P 950oC��I �¬� ��� �� ¾¿M

6 �D�$;H, 1 !�â Ã 0.60-0.77, 2 !��� 0.80-0.87, 4 !�

â Ã 0.93-0.96, 6 !�â Ã 0.96-0.99v �$%.

?ªB;< �¬� ��­� �� ¾¿M6 �D�U ¼;< ÷�=

%. ±?�¬� ��­� �� ¾¿M� �D� ¼6 ¾¿�� ª«£

�� ¯�¦ !.� Qb� !C� ¼;< 	 
 G%. Ñ!�  '¡

�7� Ð� �Q�� ¾¿6 ±?�¬� ��­� �� CO2� z��

����, ¾¿�·� CO2� 7�å¯�¬�% Á! ÃÄ�, ¾¿��

7�ª«� >��� í� ¾¿�·�� CO2D \u�� íU Ðn<

!.� >�� BÎ q7�U ¼;< �O�Õ%. &}÷ Snow ¢[16]

6 ¾¿�� CaCO3D 7���� >�¦ .
� SO2D ä
¦ ¾¿�

� £�6 �� �?@² !.� ñò� (A� !.� � ��� SO2

D ä
�! Î4��, D�¦ �È�� ¾¿�� £��U CaCO3+SO2

+1/2O2� ª«;< Cs, >�¦ CO2� ��� !.� >��² ¦%.

��² >�¦ !.;< ¾¿�� £�QbU ÞB² ¯��Î SO2D

ä
�U: �6 e°� �� � Á6 ¾¿M� �C%O �$%.

D� '¡�c� aúD #O, µ6 �¬j�(2-10 atm)� D� '

¡�c��I �¬� ��­� �� �7<� =7z�� ÁO, .!4

��� p7 &�O �¶�� �
� ���~4 CaCO3< C�� ¾

¿M� �D�%[25, 26]. Æ �Q� ±?�¬6 1 atmfg 6 atmi��

j��% � �¬j�U �¶�� CaCO3D CaO4 CO2< 7��U h

ID ¡ZI� �D� �� �D�U j��H, �¬� ��­� ��

q7�U j��%. &}�< �¬� �D­� �� =7� z�� �

D�� CaSO4� ��� �D�$O, �¶�� 7��U ZID ���

$;H, �¶�� 7��U hI ¥�< C�� SO2v ä
° 
 GU

¾¿�� £�QbD %ö! ÃÄ� Á6 �¬�� ¾¿M� Á² ÷

�[ ¼��O ��¦%.

4-4. Ca/S ��� 
�

 '¡�7�� ¾¿� D� �~BC Ö
� ócU �7U Ca/S Ú

8�%. ¾¿ª«� �C­�I DQ�O ¾¿�M� ���! ���

��� �Â� ¾¿�v E¹�� ¦%.  ¿�z� VW
�� ��

¾¿�� E¹�� �� �7<<fg tu�U ¿=,V� +I, F6

 '¡ �7< ·f� ´��U ¾¿�� ?RM� `h¦%. 'â�

¾¿M� �C  '¡�� Ca/S Ú8D #;� ¾¿�U !.� ñG

� H �Ô�Î ¾¿�� ª«�� Á%U ¼� I�O Ca/S Ú8D ë

� !.� ñG� �� �Ô�Î ª«�� µ%U ¼� ÷��%[27].

Fig. 5U �ó �O ¦ �QY�4 Æ �Q��� ¾¿M� 8,� ¼

�%. Æ �Q� 1 atm�� ¾¿M6 Chio ¢[28]� º� 0.2 m� ��

 '¡�7<�� A·d�p� ¾¿Ï�� O2� `~� 8�� ^

J µ6 �
� �$%. �¼6 ��¦ d�p� ¿­�~ �¶�� �

z� %ö! ÃÄ��O ��¦%. P Kim ¢[29]� 's,¬>?7�

³R '¡�â}�� A·d�p� �7�� �6 ¾¿�M�% ^J

µ² ÷�=%. �¼6 ³R '¡� �� ¾¿�D ¡·<  ¹¦ L

n*BC ³R;< C� _�"J �D4 �J� !·O»KÞ';< ¾

¿�D L� M<± !.� >�� `~< �¶�� ��M� Á! Ã

Fig. 4. Sulfur capture with respect to operation pressure at Ca/S mole
=ratio of 4.8. 

Fig. 5. Comparison of sulphur capture on the domestic anthracite with
Choi et al. [28], Kim et al. [29] and this study.
���� �41� �1� 2003� 2�



������� 91

J.,

ale

).
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cite

tion

 in

).

:

ua-

d-
Ä;< ��¦%.

`©B;< úû �Übá�� Ca/S� Ú8D �D­� �� ¾¿M

6 �D�U ¼;< ÷�=%. �¼6 �7+� SO24 ª«�� CaSO4

< ?Rl 
 GU CaCO3D �D�$! ÃÄ�%. CaCO3D �DU

SO24 ª«° 
 GU !.~ £�B� �D�$! ÃÄ� ¾¿M� �

D� ¼;< × Øy� G%[8, 25].

�Ü� ��¦ d�p� ��, ±?�¬ 1 !���U Ca/S Ú8 4.8

â Ã ¡ZI 850oC� bá�� <O 80%� ¾¿M� �ÕO, �¬ 2

!�âÃU ¡ZI 850oC�� Ca/S Ú8 4.8â Ã <O 91%v �$%

. �� ±?�¬ 4 !�â Ã <O� ¾¿M6 97%< ¡ZI 900oC,

~Ù.!M 30%� bá�� ÷�=%. P ±?�¬ 6 !���U ~Ù

.! 30%, ¡ZI 950oCâ Ã 99%v �� <O� ¾¿M� ÷�-%

. &}�< ±?�¬ 1 !�â �� ¾¿�� ¸¹�� �D"Ê3 �

O 2 !�â �� Ca/S Ú8 4.8���  ���3 80%� ¾¿M� �

N;<�, ±?bá� ÷õW �� SO2� tu+ID �D° �yD G

O, �¬ 4!���U Ú8 4.8â �� �� (hBC �È�� tuO

�!�� �P° 
 G%O ��¦%. P� ±?�¬ 6 !���U Ca/S

Ú8 2.8â �� ~Ù.! 30%� bá�� 90%� ¾¿M� �� tu

O�!�� �P��� ±?bá� �� o,D >�° 
 G;�< e

" Ca/S Ú8 3.8���Î3 (?� tuO�!�� �P° 
 G%O

��¦%.

4-5. ����� 
�

Fig. 6� ¡ZI 900oC bá�� ±?�¬� ��~ 6 !�â Ã ~

Ù.!� o,�  � ¾¿M� ÷�-%. ¾¿M6 Ca/S Ú8 0.8��

6 !�� D�bá�� ��� 8�� ^ 35% �D�$O, Ca/S Ú8

4.8�� ^ 20% �D�$%. P ��~ 6 !�� Ca/S Ú8 0.8�� ~

Ù.!D 10%�� 30%< �D­� ��    ^ 16%, 10%< �D�

$%. 

?ªB;< ¾¿M6 ~Ù.!D �D­� �� x¯B;< �D�

U �
� �$%. ~Ù.!� �DU �7!_·� =7z�� �D

�$%U �ó�%. &�O =7z�� ���² �� ¾¿ª«� Ð

Q¦ ß (6)�� Ø 
 GR� CaSO4� ��*ID �D�² ¦%[30-

32]. &}�< ~Ù.!� �DU SO2 tu�� q7v D�Ì² ¦%

. ±?�¬ 6!��� Ca/S Ú8 4.8C bá� ¾¿M� ��, ~Ù.

!� �D� �� ¾¿M� �DS� µ² ÷�=%. �¼6 ¾¿M�

~Ù.! 10%bá�� �ó 90% ��� �N;<® ~Ù.!� Å

� �D��I ¾¿� � Ö
� óc� ý� ¼�! ÃÄ��O ��

¦%.

5. � �

Tcaú D� '¡�7<�� A·d�p� �7�Ü� 
Ô�O,

tD� +� ¿=,V� tuÏ�� O2�� %ç~ 56 `©� �

Õ%.

(1) ¾¿M6 ¡ZID �D­� �� 1, 2 !�â Ã q7�$O, 4

!�â Ã 900oCi� �D�%D q7�O, 6 !�â Ã �D�U �


� �$%.

(2) ~Ù.! 10%� bá�� <  ¾¿M� �C ¡ZIU 1, 2 !

�â Ã 850oC, 4 !�â Ã 900oC, 6 !�â Ã 950oCv �$%.

(3) ¾¿M6 úû �Übá�� ~Ù.!D �D­� �� �D�$%.

(4) ~Ù.!� �D� �� ¾¿M� �DS6 q7�$O, ~Ù.!

�% Ca/S Ú84 ±?�¬� ¾¿� � � Ö
� �$%.

(5) ¾¿M6 ±?�¬~ Ca/S Ú8D �D­� �� �D�$%.

(6) A·d�p� D� '¡�7" (hBC SO2� tu� ���

  � ±?�¬�� Bh� Ca/S Ú8U 2 !� ��â Ã Ca/SU4.8,

4 !�â Ã Ca/SV4.8, 6 !� ��â Ã Ca/SW4.8v ÷�-%.

� �

Æ �QU =/YÇfD ¸Ð�O ���Ð�.� R&DÆf�� �

Ç�U �h���!�w>�/� âR;< 
Ô�ÕXY%. �Q8�

�Ç� q�Z[Y%.

����

E : activation energy [kJ/kmol]

P : operation pressure [atm]

R : gas constant [kJ/kmol K]

T : operation temperature [K]

����

eq : equilibrium

����
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