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����� ����� ��� ���(ZAC C)� ��� � 6� � -!" 	#$%

& 500oC, 5 atm ���� '(�)*. 1% H2S+ �,� -./012+ 	
�� 34�� � 	
& 56 78 9:1

2 ; H2S <=> 10 ppmv ?�� �@AB*. ZAC CC �D'EF 6� � 	
 �G HH 11.1, 10.9, 11.1, 11.1, 10.9,

10.5 g S/100 g sorbentI� �@AJ K� �D'E& �@�)*. L�+ ?M� 500oC !"	
�� 9:A> SO2C N

�<=> OPQI� ?PR8 ST�)*. !"	
�� ��� �C �=> UV	
� CW 500oC�� N� 750oCX@

YZ�)*. �[ 705\ �G ��� 	
�]�� $5^ ZAC C ���C _`AJ �:^ OF 1.07%?�, $% a �

��C b�c �de�C f = QB*. ����	
� multi-cyclone $%78 ZAC C ���> ?P �D'EC 50%

?Y& �@�)�, L�+ 0M� 500oCC !"	
? gh�� ijk ?lJm�, �`n"�8 oF p	
? qB*.

Abstract − Two desulfurization-regeneration experiments for a spray-dried zinc-based sorbent(ZAC C) were performed at

500oC and 5 atm in a fluidized-bed reactor(ID 0.097 mm) facility. The H2S concentration after each desulfurization run was

maintained below 10 ppmv from a simulated coal gas of 1% H2S. The estimated sulfur absorption capacities of ZAC C sorbent

were 11.1, 10.9, 11.1, 11.1, 10.9, 10.5 g S/100 g sorbent, and the sorption capacity of sorbent was maintained in spite of six

times sorption experiments. The maximum SO2 concentration in regeneration effluent gas agreed with a stoichiometric value of

500oC(ca. 14 vol%). In regeneration run, the peak temperature of sorbent bed in the reactor reached up to 750 due to the vig-
orous exothermicity of regeneration reaction with neat air. While entrainment rate for 70 h continuous run in fluidized-bed

reactor is 1.07%, the size and the textural properties of ZAC C sorbent also show a little change. Multi-cycle tests in fluidized-

bed show that ZAC C sorbent maintains over 50% of its theoretical sorption capacity during 70 h run and regeneration reaction

undergoes smoothly and completely without side reactions such as sulfate formation. 
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�* IZop	 qrs3 �!T IZ��� L/top#$ ���

* 7h� u��� :0[6-10]. vwx o� ��"!	 ���
4U

TIZ��� �
, 12IZ/ <_K#$ /y9e0. vz{$ ��

�
4UT ��"!\���* op/ +-�0. |<} ���* 1

2IZ	 ��(650oC/~)�� ,f8{$ ��� .�, �IZ H#$

A�� ���* �7�
D ����, c�<_ �)�� ��hi�

����� �A/ ;0. �� 12IZ* �g �.� IZ�� ��b

(qIZ#$ IZ�Y� �[~�� �#�0. �!T* �g 12IZ

�� (qIZ#$ Ab X�KA �[~� n~� *b ���* .�,

�IZ H/ �7�
D �#�{$ �.�[D 5%��#$ �� 12

IZ� ,f�� :0[11-13]. /zb ��D ���� ��� 12 �

e�D /Eb ���D P(�� :0[14-17]. � <6� LE; ��

�� �
, 12IZ/ l� 500oC�� /y9�� ��4UT3 �_

4UT "!� KE �h�� �,b "�D LE�� 12/ �h�[

� �}; ���$ )i<6��� V��\ #$ 7?; ZAC C �

��/0. /� ¡/ �
IZ3 12IZ�[D ¡	 500oC�� 4�

�¢ � IZ�L/* q£? ¤�� "!�)/ E/��, "�D /E

�� 12/ �h�¢ c¥¦* ]§¨3D ©� , :0.

� <6* ªK	 «$ P(; ���(ZAC C)D /E�� ���
4

UT IZ��� H2S F,i� ¬|�� 4UT IZ���* kl�7

� ­A�� IZ�[ 500oC�� "�D LE�®� ¤* 12�7� ­

A��x :0. op ) ̄  ���� '� °[V±, BET, Hg porosimeter

D /E�� ���* �aK �7� V±�®0. /zb op#$ V�

�\ #$ 7?; ���* 7h� u��� %  ̄���
 4UT<_

op3 "!P(�}� KEW , :� ²=D �"��² b0.

2. � �

2-1. ���� � ��

Fig. 1	 opc¥* P³[/0. opc¥� � ´°�, IZ�, �

  ¯µac¥, V±c¥$ 6789 :0. IZ�� Y�/ 0.097 mm,

¶/ 1.2 mA ·¥¸l* ���
 4UT IZ�D LE�®0. IZ

�� "�8� � � ¹º4º}� *� \]8� »B�� � ¼q

�D �½ V�¾� ¿3�� IZ�$ "�;0. IZ��[� IZ�

À�� )�$� �¥89 :�, 
i\]� �� IZ� ¯Á� 
i

\]ÂÃD �¥�®0. IZ��� ¦�8� °²* �7� Ä!��

��� IZ� ~�� L/tj3 +�� �¥89 :0. op ) 4UT

IZ� Y�� ���D Å)b ¯ ¹.� D ÆÇM �¢� �[D

\]��, � 4º}D LE�� op\�#$ 4º� \!�®0. �


IJop	 IZ�[D 500oC$ �� � 
$�� 278� <=

�  \7#$ lL�� op� ,f�®0. 12IZop	 IZ�[

500oC�� �,"�D /Eb \��� ÈÉ8� O2, SO2 � �[�

IZ� �[D Ä!�®0. �
IZ��� ÈÉ8� �  CO, H2, CO2

	 infrared VÊ � /Eb Uras14(ABB Ltd., Germany)$ Ä!��

H2S� UVVÊ � /Eb Radas2(ABB Ltd., Germany)D /E�� <

_K#$ Ä!�®0. �
B�A H2S, COS, CS2, SO2� FPD(Flame

Photometric Detector)� cË; �  Ì$kÍv�Î HP 5890(Hewlett

Packard)D /E�� Ä!�®0. �  Ì$kÍv�Î* � V±* �

=´°	 5Vk0 ²U#$ ́ °;0. V±� LEb column	 Chromosil

310� LE��, carrier gas� He 20 ml/min, IZ��[ 40oC \�#$

V±�®0. �  Ì$kÍv�Î* Ä!Ï�� �
B�� 3 ppmÐ�

!ºV±W , :0. 12IZ�� ÈÉ� A SO2� infrared Ñ�A

Uras14 V±�D LE�®�, O2� � paramagnetic Ñ�#$ V±�

� Magnos 16(ABB Ltd., Germany)V±�D LE�®0.

2-2. �	
 ��
�

op� LEb ���(ZAC C)� ��4UT Ò� �_4UT "!

� KEW , :� ���$ )i<6��� V��\ � *� 7?

8Ó0. ��4UT�� ���* ¦�4É3 kl�7� \L�� �

�� Ô ���� °²D ÕÖ�®0. 4UT "!� KEW ¤ >-b

Fig. 1. Schematic diagram of a fluidized reactor of batch type.
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�aK �7A kl[ Ä!	 ASTM-D 5757-95[18]* c¥� Ñ �

*�� Ä!8Ó#� 10 slpm* 4_�� 5�× Øo3 �� 1�× Ø

o� Ä!�®0. BET V±#$ F,�* Ù73 �aK 7¹3* >-

b <Ú A²D Ä!�� V±�� Auto sorb-1(Quanta Chrome Ltd.)�

LE�®0. Hg-Porosimeter V±#$ �"Ì�� �ÛD Ä!�®#�

V±�� Autopore II-9220(Micrometrics Ltd.)� /E�� Ä!�®0.

2-3. ����

��4UT IZ���* �
, 12\�� Table 1� QÜYÓ0. �


IZ�� "�b � \7 \�	 CO 38%, H2 18%, H2O 10%, CO2

17%, H2S 1%, N2 balance$ �®0. 12IZ	 �,"�(O2 : 21%)D

LE�®0. � op�� �
IZ�, 12IZ� �[� 500oC$, 


i	 5�
#$ 4��®0. ��� Å)b ���* Ý	 1.5 kg/Ó

�, 4U
_[� 5 uo/umf, 4UT ¶/� Þ 27 cmA \��� batch

type#$ �
, 12op� ß'$ ,f�®0. 

3. �� 	 
�

3-1. �	
� ��� ��

���� ���� IZ7	 �j °²Ì�, à[, Ykl[ H* �

aK �7/ 4UT"!� KB�mb0. Table 2� ��� ZAC C*

�7� QÜY� :0. ���* °²V�� 40-200µm* Ï�* V�

D á� °²* u£â�	 91µm/0. Å)à[� 0.92 g/cm3, °²à

[ 1.42 g/cm3$ 4UT/Q �_4UT "!� KE��� ¬ã	 à

[/0. BET ä¢K	 20.9 m2/g, u£�"�Û 0.441 cm3/g, u£�"

â� 448å/0. �aK �7A kl[ Ä!	 ASTM-D 5757-95* c

¥� Ñ � *�� Ä!8Ó#� 10 slpm* 4_�� 5�× Øo/

72%/Ó�, �� 1�× Øo	 34%/0.

3-2. 	���

������"!	 �
, 12IZ/ <_K#$ /y9e0. �


IZ��� � 
$�� 27; � >* H2SD ���� F,��

��IZ�	 0æ3 ¡0[19].

MeO+H2SçMeS+H2O (1)

�
IZ���* � \7	 � 
$�� 278� <=� D l

L�� ´°�®0. Fig. 2� �
IZ���* ´°�  H2, CO, CO2

�[� ÈÉ� >* H2S �[D QÜY� :0. �
IZ��� ´°

8� lL� � �
IZ/ /y9�� U^ �!�M 4��� :0.

��� H2SD 10,000 ppmv#$ ´°�� � ��op� ,f�®#

� Þ 200VÐ�� H2S�[� 50 ppmv/�$ 4��®0. /¯�

sorbent� �
89 H2S* ÈÉ�[� ���®0. �
 L/top�

� opè=�×	 ÈÉ�  > H2S�[� 100 ppmv/ 8¢ è=�

®0. ZAC C ���* /jKA �F,i	 ���* \7#$��

}��¢ 21.3 g S/100 g sorbent/0. op\��� /jKA ��


�×	 0æ � (2)D /E�� }��®0[20]. �
op�� �F,

i� /jKA ��
�× '¦ op�Ô#$ QÜYÓ0.

(2)

 

�� �
-12 L/top3 L/t ��� éê ���* �F,i

� \L�� ��� ë ìí� 25, � ìí� 45 L/top� ,f

�®0. Fig. 3* (a)� ZAC C ���* 25 L/t �
IZ�� È

É8� H2S �[D QÜY� :0. Xî	 /jKA ��
�× '¦

op�ÔA �7�×(characteristic time, t/T)#$ QÜY�, Yî	 È

É8� H2S�[D QÜY� :0. ÈÉ8� �
B�* ï	 �[V±

	 �  Ì$kÍv�ÎD LE�� ð 5Vk0 V±�®0. �
IZ

�� H2S* ´°�[D 10,000 ppmv$ ´°�®� ¤ �
IZ ¯*

ÈÉ� �[� /jKA ��
�× '¦ op�Ô Þ 0.2Ð��

10 ppmv /�$ 4��� /¤ ��ñ	 99.9%/~/0. /jKA �

�
�× '¦ Þ 0.2�� H2S�[* �[òó/ ��� ���� 0.5

��� ��M ���� :0. 2% L/t �
op��[ �* ¡	

�3D QÜY� :#� H2S ÈÉ�  �[� 100 ppmv� ¤ /jK

A �F,i '¦ �7�×/ 0.5/Ó0. Fig. 3* (b)� ZAC C ��

�* �
IZ�� 45 L/top�3 ÈÉ� A H2S�[D QÜY

� :0. 45 L/top�3�� �* ¦ôb �õ* �[òó� Q

ÜY� :0. Fig. 3* (a), (b)�[òó�� 1st� 2nd ö/ Þ× 0ê

÷	 ,V ´°º/ Þ×* %/� :� ÷#$ L=;0. H2S�[ò

ó	 ë ìí op Fig. 3(a)3 ¡	 �õ#$ /jKA �F,i '¦

�7�× 0.2Ð�� 10 ppmv /�$ 4��� 0.2���� ��� �

[� ���� :0. /� ���� ���* ä¢�� ðg øê I

Z/ /y9�� �/ F,ù� éú IZ_[� §.�� ÷#$ L

=;0. 12IZ�� sulfate� ?78Ó� �g �
IZ > SO2?@

$ ÈÉ8�x �
 L/top�3 SO2� ÈÉ8� û| 12IZ/

�Ù�M /y9e ÷� ¬ , :0. Table 3	 � %ü L/top�

T
W0λ0

GYH2S inlet,
-------------------------=

Table 1. Experimental conditions of the reaction

Condition Sulfidation Regeneration

Gas composition(%) H2: 18, CO2: 17, CO : 38, 
H2O : 10, H2S : 1, N2: balance

O2: 21, N2: 79

Temperature(oC) 500 500
Pressure(atm) 5 5
Inventory(g) 1,500 1,500
Gas velocity(uo/umf) 5 5
Bed height(m) 0.23 0.23

Table 2. Physical properties of fresh ZAC C sorbent

Mean particle size(µm) 91
Bulk density(g/cm3) 0.92
Skeletal density(g/cm3) 3.85
Particle density(g/cm3) 1.42
BET surface area(m2/g) 20.97
Mercury pore volume(cm3/g) 0.441
Mean pore diameter(Å) 448
ASTM attrition loss(%) 72

Fig. 2. The gas concentration profiles in the sulfidation reaction.
HWAHAK KONGHAK Vol. 40, No. 2, April, 2002
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���
������
3 > �
IZ* �F,i� QÜY� :0. ý 65 �
op�3 �

� H2S* �[D 10,000 ppmv$ ́ °�� �
IZ�� ÈÉ8� H2S

* �[� 100 ppmv� ¤ � þ4º	 11.1, 10.9, 11.1, 11.1, 10.9,

10.5 g S/100 g sorbent$ �F,i	 �!�M 4��� :0. Gupta

H[20]	 Z-SORBIII ���D /E�� L/top�3 �� 105 L

/top�� � F,hi/ 20 g S/100 g sorbent#$ �!�M 4�

�®#Q, L/t5,� ���� 505� L/top�� �F,hi

	 10 g S/100 g sorbent#$ §.�� ÷#$ ���� :0. n1Ð

� �c ~E
� ÿ�b ���$ 'ä8� :� EX-S03* 7h	

·¥¸l ���
IZ��� �
-12 L/top�3 H2S�[D

2,000 ppmv#$ ́ °�®� ¤ �
IZ ̄  ÈÉ8� H2S�[D 20 ppmv

/�$ 4���� ÷#$ ��8� :0[21]. op� LE; ZAC C

���* �
L/top�3 ��hi	 � �
� �� ÷#$ QÜ

�0. vzQ ~E���$ LE�� ���� � �	 L/top3

o�<_"!��* c�× <_op/ +-�0.

3-3. ����

12"!	 �
"!�� �� F,b ���D �.� IZ���

�
IZ#$, 0æ3 ¡	 ��IZ�#$ ef;0[19].

MeS+3/2O2çMeO+SO2 (3)

Òb 12IZ�� �[� ÅV� ¶� û#¢ IZ/ ��8� û�

ZnS* �
� *�� � (4)� ¡	 sulfate IZ/ ef;0. Ò 0ê

sulfate IZ	 � (5), (6)3 ¡/ ef;0.

ZnS+2O2→ZnSO4 (4)

SO2+1/2O2→SO3 (5)

ZnO+SO3→ZnSO4 (6)

ZAC C ���� 12 �e�D ���� 12�[ 500oC�� "�

D /E�� 4UT IZ��� 12�h �[� �}; ���/0.

12IZ	 ���
 4UT IZ��� �
IZ/ 	
 ¯ �� F

,b ���D 12�� ��� �
IZ�[� ¡	 500oC$ 4��

� 12IZ� � "�D /E�®0. Fig. 4� 12IZ��� ÈÉ�

 �[� IZ� �[òó� QÜY� :0. 12IZ�� "�(O2: 21%)

� ´°89 ��� �* l� �.� � SO2$ )�89 Þ 15%�

[Ð� �ú
0� l� MeS� )� 128� 
 ¯�� �.�[�

���� �� ´°�[A 21%Ð� ��b0. 12IZ�� 4UTI

Z� �[� �� 500oC ���� (qIZ#$ A�� �' 750oC

Ð� ~��®0. Fig. 5� 45 12L/top�� 4UT IZ� �[

òó� QÜY� :0. �� F,b ���* 12IZ	 ¶	 (qI

Z#$ 4UT IZ�Y* �[� ���� ÷� ¬ , :0. IZ� �

[D 500oC$ �!�M 4�b ¯ L/t5,� éú IZ� �[�

�' 750oCÐ� ÔÔ ~��®0. �!T[21]* �g� ��b (qI

Z� *� IZ� Y�� hot spot/ (2�� ¤�� �.�[D 5%

/�$ 4��m �� I¢� 4UT* �g �[� ~���� øê

�C»B� *� "�D LE�� 12W , :� �h7� ��´�

:0. ~E��"!* �g 12IZ��� (2; q	 qß��D �

¥��Q �
IZ�$�� ��8� °²D /E�� H* Ñ #$

�[D �9��m b0. Fig. 6* (a)� 12IZ�� ÈÉ� �[A

SO2D QÜY� :0. �� F,b ZAC C ���* 12IZ	 �I

Fig. 3. H2S concentration profiles during sulfidation cyclic tests.
(a) test No. 1, (b) test No. 2

Table 3. Sulfur loading after sulfidation reaction in the two multicycle tests

Test no.
No. 1 No. 2

1st 2nd 1st 2nd 3rd 4th

Breakthrough point concentration(ppmv) 100 100 100 100 100 100
Sulfur loading(g S/100 g sorbent) 11.1 10.9 11.1 11.1 10.9 10.5
Sulfur loading/theoretical sulfur loading(%) 52 51 52 52 51 49

Fig. 4. The reaction temperature and the outlet SO2, O2 concentration
profiles during regeneration reaction.
���� �40� �2� 2002� 4�
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Z/ �� �g � (3)� éú ́ °�.�[� ÈÉ SO2�[* Ýj¦�

3 : 2� ;0. v��� �.* �[ 21%� �g SO2 �'�[� 14%

/�, op SO2�[� /j SO2�[ �'¥� ÿLb ö� �®0. Fig. 6

* (b)[ �� 4Lb �3D �®0. 45 L/topU^ �* ¡	

SO2�[òó#$ �Ùb 12/ /y9�� ¬ , :0.

3-4. �� ��

� op�� IZop3 ��9 ���
 ��4UT IZ���*

°²¦�3 kl$ Ab °²�7� Ä!�®0. op� LEb ���

(ZAC C)* °²� 4UT Ò� �_4UT "!� KEW , :� �

��$ V��\ � *� 7?8Ó0. ���
 4UT IZ��� �


, 12IZ/ /y9�� U^ IZ��� °²* kl � ¦�8�

°²D L/tj3 +��� ÕÖ�� °²�7� V±�®0. Table 4

� opè=¯ Ô ���� ÕÖb °²�7� -Þb ÷/0. �� �

�= 1,500 g� 4UT IZ� Åe�� 70�×U^ �
, 12IJo

pè= ̄  °²�7/0. opè= ̄  IZ�Y 1,484 g�| :Ó�, L

/tj3 +�� 12.7, 2.2 g/ ��8Ó#� 4oº	 1.1 g/0. L/

tj� ��; °²� ��= >* Þ 30µm ��* �	 °²� ´$

��8Ó#�, +�� ��; �=� kl$ Ab �&°²� ��8Ó0.

70�× 4U
 op ¯ L/tj, +�, 4oº#$�� ¦�89 4É

; Ý	 1.07%/0. Fig. 7	 op)¯ ���* °²V�D QÜY� :

0. ZAC C ���* �g �. 20µm�� �' 250µmÐ� V�89

:#� u£°�	 91µm/0. IZ¯ IZ�Y °²?~	 ��=� ¡

	 ?~� QÜY� °²* u£°�/ No. 1 op�� 96µm, No. 2 o

p�� 94µm$ ��= �0 Þ× ���®0. /� ��=>� �	

30µm/�* °²� 4UT IZ��� ¦�4É89 u£°�/ ��

�®0. �
, 12IZ�� ���� �F, IZ3 �� 12IZ��

���* �[~�3 �IZ H* �A#$ �aK �
$ kl� ��

n~(cracking)* �h7� á� :#Q[22] ZAC C ���* �g ��

�
 ��4UT IZ���* kl�	 ðg KM QÜ�0.

3-5. ���� ��
�

op)¯ ���* �aK �7� Table 5� QÜYÓ0. ZAC C �

��* �� Åeà[� 0.92 g/cm3�� IZ¯ 0.87, 0.88 g/cm3/� °

²à[� �� 1.42 g/cm3�� 1.39, 1.45 g/cm3$ QÜ�0. BETV±

�� ��=* ¦ä¢K/ 20.97 m2/g�� IZ¯ 15.09, 15.25 m2/g$

§.�®0. /� 12IZ�� �[~�� éú ���� .�89 §

.b ÷#$ L=;0. Hg-porosimeter V±#$ �"Ì�� �ÛD Ä

!�®0. ��=* u£�"�Û� 0.441 m2/g/�, IZ ¯ 0.412,

Fig. 5. The temperature profiles during regeneration reactions of four-
cycle test.

Fig. 6. The SO2 concentration profiles during regeneration reactions at
cyclic tests.
(a) test No. 1, (b) test No. 2

Table 4. Captures in a cyclone and a filter after the multicycle tests

Test no. No. 1 No. 2

Fluidizing time(hr) 60 70

Initial total weight(g) 1500 1500
Final total weight(g) 1469 1484
Cyclone(g) 24.8 12.7
Filter(g) 3.7 2.2
Loss(g) 2.5 1.1
(Cyclone+Filter+Loss)(%) 2.07 1.07

Fig. 7. Particle size distributions of fresh and reacted sorbents.
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ZAC C* �g 72%/Ó#Q L/top ¯ Øo	 91, 79.6%$ ¶M
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� (qIZ#$ 4UT IZ� �[� ��IZ 500oC�� �'

750oCÐ� ~��®0. "�D /Eb 12IZ�� � IZ �/ SO2

$ )�89 SO2 �'�[� ÝjK#$ /jö3 �¥�®0. �
, 1

2IZ�[ 500oC�� "�D /Eb 12IZ/ �Ù�M /y9�0.

70�×U^ ���
 ��4UT IZ���* ¦� 4É; Ý	 1.07%

/�, ���* °²V±, BET, Hg-porosimeter V±�3 �7�
� K

M QÜ�0. �� ¡	 �
-12IJop�3 V��\�$ �� 0

º(kg base)#$ 7?; ZAC C ���* �g g,b ��hi3 1

27� �� X�
* �h7� ���� :0.

� 


� <6� 'C��� ó[��P((G7)L`* ��#$ ,f8Ó�

�0. �²�, ���Úa"Á R&D ��, 'g�H��<6�* <6

¦ ��� §L���0.
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Wo : sorbent charge in the reactor [g]

λo : moles of MeO per g of the sorbent [mol/g]

G : total molar rate of gas [mol/min]

YH2S,inlet : inlet H2S concentration of gas in mole fraction units [-]
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Table 5. Physical properties of fresh and reacted ZAC C sorbents

Test no. Fresh No. 1 No. 2

Mean particle size(µm) 91 96 94
Bulk density(g/cm3) 0.92 0.87 0.88
Skeletal density(g/cm3) 3.85 3.27 3.44
Particle density(g/cm3) 1.42 1.39 1.45
BET surface area(m2/g) 20.97 15.09 15.25
Mercury pore volume(cm3/g) 0.441 0.412 0.417
Mean pore diameter(Å) 448 384 325
ASTM attrition loss(%) 72 91 79.6
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