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Abstract − Ammonia oxidation on limestone was studied in fixed and internally circulating fluidized bed(Main bed: 0.3 m I.D.

�2.0 m high, Freeboard: 0.3 m I.D.�0.53 m high) reactors. In a fixed bed reactor, injected NH3 reacted with oxygen to pro-

duce NO on calcined limestone and the effect of reaction temperature on the conversion is found to be insignificant. However,

NO conversion by the oxidation of NH3 on the sulfated limestone is negligibly small due to the low selectivity of the oxida-

tion. The higher the amount of limestone injection to the fluidized bed combustor, the more NO produces by the formation of

ammonia radicals during the course of coal combustion. As the desulfurization proseeds, the less NO forms in a fluidized bed

combustor employing limestone for SOx removal.
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QK@� ��� x6 Ay� ��� xz{ V|} 0~a/, 0X

��*� �T�/ ��C ��� ���6 �a ~ �T�� �8
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§b m�C

¨GEc �(. ¡}� ABA� ©0� ¡) �� � NO 45 �5

C =m ª«��� ����� �= 7�y � ABAC ��EF ¬
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�¸� ��v c�� � *� Fig. 1� e¹=º(. �¸YZ� »

- *¼ >?8X½, � �¾ ¿Àc 0X�AYZ� Á m��� Â

5@� �(. ���� DT >?@� *¼(air, N2, NH3, NO)� � 

*� >?@* Ã [n� <Ä Å�bÆ � * 
m� ÇÈv(. �

 �¾6 =� 2 cm� A�¶�� {¢�² ¶� c�� � *� É

m� ÊZv °D� Ã*�� �T 0~@� ./� PID controller�

�ËE®(. �  ÃÆ� *¼P/(NH3, NO)� Non-dispersed Infrared

(ND-IR) QÌC ÍÎb *¼ �A*� �� �AE®(.

Ï �¸�� ABA� �56 1 l/min� Ç*� >?Ei� 900oC�

� 30�q :ÐE®(. ́ µ|V� MN� C :ÐE* �T� *¼�

Çqa/� 26,000/hr� c�E®��, �³Ñ:�Ò ABA� �N� 

�7, ./(800-950oC), ´µ|V� P/([NH3]=400 ppm), NO� P

/([NO]=400 ppm) !C ÑN8¥0� �¸E®(.
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5@� �(.

Ç* plenum6 0.3 m-I.DÝ0.53 m-high� sus 316¶C ��EF ;

UE®��, Ç*� ÓÔÕÖ � ÙÚÛX� plenum� �� �Ë��
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ID)� ÊZEF �OLC ª«E/è E®(. �=� OL� ê�� ë
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450X� JKC °ç� E* �T� ÊZv I.D. fanC DT ó��

JKv(. Cyclone,0Xò"* Em�� gÜv ôÁ ?l kY ðñ�

"" 1åõ ÊZE®(. 450X Íö� �b sampling port� ò"

* �Æ� ÊZE®(.

��N OL�� 390µm� µÔ� ��E®�� 0.8 m ��� Í÷

���¸C :ÐE®(. � =� ./0 Ay� âN./� �,i

screw feeder� DT AyC � =� ÇÈEc � *0 �

ø�

/ùEi, %�8q qú�� J*0X� ÍöEF stack gas analyser

� �AE®(. Ca/S ûS� 1, 3, 6� S� üý� �¸Ei� J0X

=� SO2� NO 5�C þ�E®(.

Ay � ABA6 �= 
� �%Û�� ��_� �= 7�y �

ABAC ��EF �¸E®��, ¿ �AC Table 1� 2� e¹=º(.

Fig. 1. Schematic diagram of a fixed bed reactor.

Table 1. Properties of coal

Analysys item/Sample Coal(wt%)

Proximate analysis Volatile matter 04.42
(air-dry basis wt%) Moisture 04.95

Fixed carbon 56.29
Ash 34.34

Fuel ratio(air-dry basis) 12.70
Total sulfur(air dry basis wt%) 00.39
Ultimate analysis Carbon 55.94

(dry basis wt%) Hydrogen 01.09
Nitrogen 00.38
Sulfur Total 00.41

Inflammability 00.40
Noninflammability 00.01

Oxygen 06.06
Ash 36.13

Ash analysis(wt%) SiO2 53.92
Al2O3 29.45
Fe2O3 03.81
CaO 00.57
MgO 00.59
Na2O 02.69
K2O 04.43
SO3 00.05
TiO2 02.09
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�¸� ��v Ay6 B  5�(36%)� So2 �c, ���(4.42%)

� 26 Ã�2� �= 7�y�� ?/ �g� 5.0 mm �
� 8%,

1.0-5.0 mm0 53%, 1.0 mm �E0 39%� ���� �(. ABA6 �

� �  �5� 0Y ÿ ��C ôZ� CaCO3 ���� 89.5%� ¨

GEc ��� �$ ?l »*� 420µm�(.
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c�� � *�� �  ./0 ABA ���� ´µ|V MN� 

� 1b ��C Fig. 2� e¹=º(.>?v ́ µ|V� P/� 400 ppm

�� � ./� ��� �Ã �¾� 800-950oC� ÑN8�(. Selec-

tive Catalytic Reduction(SCR) £¤ _ CuO/γ-Al2O3� ��EF ´µ

|V� MN� C :Ð9 �� NO�� Ã«�6 � ./� 
¶�

� 10-20% :��� e�G� N2� MN@e[6, 7] ¿��� �i �
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90% �
 NO� Ã«@º(. ¿��� �
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6 áÎ/� SO2 k�C �T h?v ABA� �EF NO0 (�

45@� NO k��C 3K : �
C �ôb(.

(2)

¿Ûe ABA� �N � @� CaSO4� 45E- @i, ´µ|V M

N � 8 NO�� áÎ/� �k� ��EF Lee ![8]� ��b �

�� ���C � : �(. �� �N� � ²Ð�� ¡} ABA �i

� CaSO40 45@i NH3 MN� � ç5^(active site)C ;ÇE

� CaO0 *Ç�i�� Èú� ��¢- @� 45v sulfate� �T

�:; =� OÀ2 �5� ÑN(pore plugging)E* ���� �dv

([9]. ¡}� ��� ����� �=� ABA� SO2� � EF

sulfate� �5�� ¡} ^¨2�� NO� 456 ��9 ë�(. ¿
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c�� � *=� ABA�� NO-NH3-O2 � � 1b �  ./

� ��C Fig. 3� e¹=º(. ��� ������ «°;� �% :

�� ´µ|V �.¢� ��Ç*� �b O20 � E- v(. Jodal

[10]� �̧ ���� �i µ́|V� NO� S0 1.2 �
��� deNOx

Ã«�� %�E�� >?v ´µ|V� NO� S� 1.2� E®(. �

� Ï ¿���/ � : �
� ��� ��� �³�¾� 800-950oC

./�¾�� >?v NO� ST JKv NO� x� t �(� ëC

� : �(. �5v ABA� ��, 830oC �/�� JKv NO� P

//>?v NO� P/([NO]f /[NO]i)� �� 2� �,i �cZ� ��

Æ ¿ �
� ./�� Ga2�� ��b(. �� Fig. 2�� Ê­E

®
� �5v ABA 
�� ´µ|V� MN� � NO� ÈúE-

²Ð�� ¡} NO� «°� � ²Ð@G ]* ���(. �Ûb �

�6 36 ./ �¾(500-820oC)�� �̧ C :Ðb Wallman� Carlsson

[11]� ��� <� ��Ee �¢� �¸�� B 0 Å�@� ��

NO45�6 (� () �C �F>c �(. Lee ![8]� ��/ [NO]f /

[NO]i� �6 1.3��, �� ABA
��� «°;� ´µ|V0 � 

Et}/ NO� «°� �(� ´µ|V� NO 45C �b MN� 

� > � �}� ëC Ê­T>c �(.�N� � ²Ðv ABA(CaSO4)

� �� �5v ABA� ���( 45v NO� x6 U���, � 

./� ¶��� [NO]f /[NO]i� �6 1.1 �/� �GE®(. Fig. 2�

��0G� NO�� 7¶E- N2O� <� 45@G ]��� ¡}�

1m�� ´µ|V0 NO� Ã«v(� ëC � : �º(.

� ./ 900oC�� ´µ|V� x� NO 45�� ôZ� ��C

Fig. 4� e¹=º(. ´µ|V P/� �0� ¡} JK@� NO� x

6 Ga2�� �0E� >?v ´µ|V� � 80%0 NO� Ã«�C

�F>c �(. ¡}� SO2 k�C �T >?@� ABA�� �£C

0�b �F� b(� ëC � : �(.

´µ|V� MN � C ��* �T «° ��*�� NO-NH3 �

 C ABA 
�� :ÐEF Fig. 5� e¹=º(. ¿��� �
� M

�0 � EG ]C �� ´µ|V� MN� � %�eG ]��, (

NH3
5
2
---O2  ⇒

CaO
+ NO

3
2
---H2O+

Table 2. Elementary analysis of limestone

Component/Sample Limestone(wt%)

CaCO3 89.50
MgCO3 5.7
SiO2 2.3
Al2O3 0.3
Fe2O3 0.3
Others 1.9

Fig. 2. Effect of temperature on conversion of NH3 oxidation to NO and
N2O.

Fig. 3. Effect of temperature on [NO]f /[NO] i and N2O in NO-NH3-O2

reaction on limestone bed.
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� 	6 � � �T NO0 k�v(.

6NO+4NH3w5N2+6H2O (3)

�D� � ���   Ì�(� M�� �  E� NO0 k�@� �

 a/0 rs !,G{, ABA� � 9 ��� ´µ|V� MN�

 � ¤� "À ²Ð@�� #�$ M�0 � EG ]C ��0 NO

k� Ã«�� �:E®(. Fig. 5�� % : �
� 800-950oC� .

/ �¾�� NO k��6 82%�
C �GE®��, ./0 �0��

¡} (� ��E®(. � ��� Lee ![8]� ���/ ¤� ��E

(. ./0 �0�� ¡} NO «° Ã«�� ��E� ��� �5

v ABA� c.�� ��(sintering)�
C %�&� ¡} �i2�

��E* ���}c 4"v([12, 13].

3-2. ��	
������ �� ��

����� �6 �= 7�y ��8 >?@� ABA� �b SO2�

NO� 45�C ��E* �EF =m ª«��� ����� �¸C

:ÐE®(.

Fig. 6�� ABA x� �0� ¡) SO2 �4�C %�2� ���

�³./� 750-850oC̀ ��� �F>c �(. ABA� ©0@G ]

�C ��� SO2P/� 440-520 ppm� JK@º�� Ca/S mole ratio

0 �09:è SO2� �4�� ��E®(. Ca/S mole ratio0 1� �

��� 220-95 ppm, 3� ���� 100-80 ppm, 6� ���� 22-8 ppm

�/ �4E®(. �� ./0 �09:è SO2 P/� ^¨ ��E®

�� 850oC m'�� �c� �� I�� e¹=º(. �ë6 �ô

�cv ��� 	� 850oC m'�� �2� �5 I�� ��� ��

SO2� � 9 : �� �5v ABA� x� 0Y »- �0E* �

��(.

��ÇÈv ABA� Ca/S ûS� ¡) ��I�� Fig. 7� /8E

®(. Ca/S ûS0 �09:è ��Ã«�6 �0E� ë�� e¹(�

� Shun ![14]� ���/ ) %ZE®(. Ca/S ûS0 1� ����

./� ¡} 65-78%, 3� ���� 80-85%, 6� ���� 98% �/�

��I�� ��c �(. ¿Ûe >?v ABA� �5@��{ � �

%�e* ��� ./0 �6 850oC� �� h?v ABA� x� U

V/ �5v x� �* ��� Ã«�� 36 ./�( �- e¹((.

¡}� ��Ã«�C 90%�
�� �08î* �T ABA� xC �

08îi �5v ABA� x� �09 ë�� ��(.

ABA� �� h?� �b NO� �4�C Fig. 8� e¹=º(. ¿

��� �i Ca/S� ûS0 1, 3� ���� ./� �0� ¡} ÿ

Fig. 4. Effect of NH3 concentration on [NO]f /[NO] i in a fixed bed.

Fig. 5. Effect of temperature on NO removal in the condition of O2 free
on limestone bed.

Fig. 6. Effect of temperature on SO2 concentration with Ca/S mole ratio.

Fig. 7. Effect of Ca/S mole ratio on fractional sulfur retention.
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ÑN� �º�� Ca/S ûS0 1�(� 3� ��� �q �0E� �

�C ��c �(. �� >?@� ABA_ �5v ABA¢� 1m�

�N� C %�îc � EG ]6 �5v ABA� x� 2* ��

�� 4"v(.¿Ûe Ca/S� ûS0 6� ���� 1, 3� ���(

NO0 30-40 ppm �
 �- JK@c �(. �ë6 Fig. 2, 3�� ��

ü� 	� �5v ABA� �00 ���� g�@� �� NH- }�

�� MN� � U�E* ���� 4"@� ��b ��0 ** �

Âl¢� �T� ��@º([15-17]. ¡}� �MNO� JKC k�8

î* �T �� >?@� ABA6 NO� 45� £¤U�C b(. A

BAC ��;� ��E� ��� ���� �� NO� 45C ��8

î* �T�� >?@� ABA� xC 2Ë� �ËEF� E� ��

Ã«�C ��� QRC c$T� b(.

4. � �

��� ���� �� ./ �¾� 800-950oC�� ´µ|V� �5

v ABA
�� M�� � EF 80%�
� NO� Ã«@c N2O

�� Ã«� @G ]�(. ¿Ûe �Nv ABA
��� NO Ã«�

� 10% �E� Èú� ��¢º(. ´µ|V� x� �09:è NO

� 45�6 Ga2�� �0E®�e M�0 �� ��, NO� ´µ

|V0 � EF NO0 k��C � : �º(. Ay ��8 �4E�

´µ|V }��6 �5v ABA
�� M�� � EF NO� Ã«

� v(. =m ª«��� ����� Ca/S ûS0 �09:è ��

Ã«�6 �0Ee � EG ]6 �5v ABA� x� �0E* �

�� NO� 45� �0E®(. ¡}� ��� ����� �= 7�

y� 	� ����� �6 AyC ��E� ��, ABA� �� Ã

«�C �+��Ò NO� 45C k�9 : �(.
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