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 !�"� CaO� �# ����� $%& '( ��& )� �*+ ,-� �# NOx. �/ 0 1�� 2� �� �

�
� 3 45�67, 89: 
 N2O� ��; <= >�. N2O� 6?(@� AB/ C7 DEF ��GH� IJ��

KLM� ����N M�. CaO� N2O O�. P# Q< ��
 RST 1�. U �?� CaO. VWXY Z[� \]��

� CaO� �# N2O� O�^�� _M` 0aMb c, �� ��(N& ABd��� (Ne�� 9# N2O� O�^

�, CaO VWf� e�& CO2, NO, O2 gNe�� hi N2O O�^�� _M` 0aMb�. j# kl m�
no CaOp

q�� N2OO�\]� 9# \]rNs� t	u 0 1v�. m�
� (NA wAx� hF N2O O�\]� wAMb 

c, CO2� gN. e�Xy z= CO2 gNA wA{0| N2O O�\]� }�Mb�. NO J~X& ��Mb� � N2O�

O�\]� }�x� R 0 1v�. \]rN�: 
 ��# m� CO2 gN� 9# N2O O�\]� \]rNs� ���

�� t	Hv�. U �? m� CaO� N2OO� \]�� �; Q< ��� 6EZ 1�� R 0 1v�.

Abstract − Fluidized bed combustion is a coal combustion technology that can reduce both SOx and NOx emission; SOx is

removed by limestone that is fed into the combustion chamber and the NOx is reduced by low temperature combustion in a flu-

idized bed combustor and air stepping, but N2O generation is quite high. N2O is not only a greenhouse gas but also an agent of

ozone destruction in the stratosphere. The calcium oxide(CaO) is known to be a catalyst of N2O decomposition. This study of

N2O decomposition reaction in fixed bed reactor packed over CaO bed has been conducted.  Effects of parameters such as con-

centration of inlet N2O gas, reaction temperature, CaO bed height and effect of CO2, NO, O2 gas on the decomposition reac-
tion have been investigated. As a result of the experiment, it has been shown that N2O decomposition reaction increased with

the increasing fixed bed temperature. While conversion of the reaction was decreased with increasing CO2 concentration. Also,

under the present of NO, the conversion of N2O decomposition is decreased. From the result of kinetic study gained the het-

erogeneous reaction rate on N2O decomposition. In the case of N2O decomposition over CaO, heterogeneous reaction rate is. 

. In this study, it is found that the calcium oxide is a good catalyst of N2O

decomposition. 
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1. � �

����� ��(79%)� 	�(20%)
 �� ������ ��.

���
 ��� �	���, ��, ��	��, ��  ! "# ��

���$ %&'()* +,-� ./ �01� �23 4 5678

� 9:, 1;()* <=( >?� 3�@ ./�01� A�B� C

D� ��. �� %& ./�01� 1; ./�01E� FG! H

�� �� IJ��. �( K� 1;()* LM-� N � O)� H

PQ 1;R:'( S ./-�T, �
 UVW6XY )Z�. [\

UV�� ]^_`� 7a-1 bc C<, 1;! de �U$ 2100

fg1 50 cmhij k�X Bl�[1]. UVW6
 O'8� �G �

m �n� o;p�! q�� rX �s�� �t �	���! u

jc v7j �� w1x, �yz ���{ |}U��, ~	���

 � �p� UVW6� �� ��Y �. 1; U��
 +�B�

��� �< �&B{, �R3'( �	���(CO2), ���+���

�(VOCs), ��(CH4), ~	���(N2O), |}U��(CFCs), ���

�(SF6) � ���! ��(O3)� �R3'( � � ��. UV ���

���� �1Y �� ;�h ��\( N^3 ��� H�� �Y,

�( K� UVW6
 O'8� �S��� �X��. �
 1; U

��1�(Global warming potential: GWP)XB� �	���
 1(

�� j I �� 21, ~	��� 310, ������ 1,300, 6���

� 7,000, ���� 23,900'( 	M��. � � �� ��3'( o

;3K � c ¡� ��$ ~	���(Nitrous oxide; N2O)��. �

¢ �	���
 �� �Z UV���$ ~£g1 ��� ¤t�

h�3'( ¥~ 1;U��� �¦B� _t� 31x, GWP
 Y

z� § I N2O� 3$ &'( 1;U��� ¨ ©Dc ª« � �

� ��( ¬z ��[2].

N2O� ¤®! �¯/° � 	®±²�³ ´M-� µn ´M#�

KE ±²� ! k� 15%_t� ��. ¶ ·±¸��! �¹�

{ �ºo¯
 �° �µ�»
 � � ��. <¼ {X! �º �0

1 !�t� �½   O) ¾t½¿�� ¥1x =m @�½� ��³

� À$ ����. �µ�»�³ N2O! �·#$ µn �·#! 9%


 H1�[2]. C��G� rX �µ�»�³! N2O �·#$ Á'

( ��Â µÃ��. [y ÄÅ +²Æ o�� Ç o�(� �� NOx

�·#� 3'{ N2O �·� h�3'( È�� PÉ� ��[3]. �k

$ h�3'( ¥$ o�( Ut� KB¦ º� � ��µÅ 9Ê!

N2O @Ë�� ��B� k'( ¬z ��. +²Æo�7 �·-�

¤t� 30-150 ppm{Ç>Y ��[4, 5]. o�( >�³ Ì�c Í3'

( �SB� ºÎºc CaO h%( �SB:³ N2O ��! ±�c Ï

Ð ��. �I N2O� N2� O2( ����Y ¿Y-Y ��[6-8]. N2O

! �·6 ��9ÊC(� �Ð o¯! char{ ºÎº,p� Ñ$ Y

n,p� �nE! �eO9Ê� � k6 eO9Ê'( {Ò � �

�. �R3'( N2O! ·�$ ��, �NÓt, o�Ut, n�7E  

� rX �·#� Ô�B� HCN6 NH3� !� Õ<��[9]. ¶ N2

! ��� � o;�³ CaO� N2O��9Ê� Ö�! ��c ¡�

�Y �R-Y ��[10-13]. +²Æo�7 N2O
 ×]j � �� LØ

'( ���� È$ o¯
 o�j I[5], ¥$ 6Ù ����³!

o�[14], P�o�
 Ú'( ÛO � ��Y o;Ü6
 �RBY

��[5].

Ý o;� ½>! �Þ	 ºÎºc �° N2O �� [�� � o

;
 �aBl'�, N2O! Ut, CO2! ¤t� � 9Ê[�c ßà

BY, ¶ Vá Ô�(³ NO! ¤t, CaO! â�#, O2¤t� �

©Dc ¿ã�. Vá Ü6()* N2O ��9Ê� � 9Êäc Ót

ä'( RåÚ'( N2O ��9Êc �æ3 Råc 5B¦ ��
 tç

B�T Í3� ��.

2. �����	 
�
 

O93'( CaO R:�³ N2O! ��� 4 Oè{�, Ut� ��

BÐ -: N2O ��9Ê! 9ÊÓt� ��-è N2O� éÐ ����

Y ¿Y-Y ��[2,4,5,8]. rX³ CaO R:�³ �SB� ±�Éc ê

ëj � �'� �
 ì�( Ö��� �íîïc YðBl�. CO2�

N2O� Úñ CaO R:�³ 9Êj C< �� � 9ÊÓtäc µ¾

B� ò 9Êc �ó6 Ñ� ;�Bl�.

(1)

(2)

(3)

ä (3)$ CaO�³ N2O� CO2� Úñ �Sj I �ôè1� �� 9

Êä��. õ¼Y ä (1)6 (2)� ¹¹ N2O� CO2� CaO! ±�É�

Aö-� 9Ê�;
 {Ç÷�. ¦�³ s� CaO� �SB� ø ±�É

��. ò ä�³ CO2� ±�É�³ 9Ê� �¦B1 bY, ±�Éxc

H1�Y �_BY 9ÊÓtäc RåB: ~ù� Ñ�.

(4)

CaO� �SB� ±�É$ �ó6 Ñ� {Çú � ��.

(5)

(6)

ä (5)� (6)c ä (4)� �,B¦ _¼B: ~ù� Ñ�.

(7)

ä (7)�³ kûS
 k1( {Ç>Y, ò äc µÅü X� � 3�ä

'( {Ç>: �ó6 Ñ� {Çú � ��.

  (8)

ò! ä (8)c µ¾B¦ {Ç>: ~ù� Ñ�(ý τûln(1−X)ûX).

(9)

ä (9)
 Y^� 
, X̂ � 
 õù|� plotting

�³ �þ� ÿ! u�( 9ÊÓth� k1c ;j � �'�, ��'

()* KN2O
, KCO2


 ;j � ��. KN2O
, KCO2


 ;B� ò�³ ä (9)


B( _!B: �ó6 Ñ� {Çú � ��.

(10)

ä (10)! &Ô� τ
 �B¦, �7 _¼B: �ó6 Ñ�.

(11)

�
 �7 X^� [CO2]i
 Y^� BûτûX
 plottingB: ��'()

* KN2O
 ;j � �Y �þ�()* KCO2

 ;j � ��.

N2O s N2O s⋅→+

CO2 s CO2 s⋅→+

N2O s CO2 s N2
1
2
---O2 CO2 2s+ + +→⋅+⋅

r k N2O s⋅[ ]=

S s[ ] CO2 s⋅[ ] N2O s⋅[ ]+ +=

s[ ] S
1 KN2O N2O[ ] KCO2

CO2[ ]+ +
-------------------------------------------------------------------=

r
k KN2O N2O[ ] S⋅ ⋅ ⋅

1 KN2O N2O[ ] KCO2
CO2[ ]+ +

-------------------------------------------------------------------=

τ N2O[ ]i
dX
r

-------
0

X

∫ N2O[ ]i

1 KN2O N2O[ ] KCO2
CO2[ ]+ +

k1 KN2O N2O[ ]⋅
-------------------------------------------------------------------dX

0

X

∫==

1 X–( )ln–
k1 KN2O⋅

-------------------------
N2O[ ]i

k1

----------------X
KCO2

CO2[ ] 1 X–( )ln

k1 KN2O⋅
-------------------------------------------------–+=

1
1 X–( ) X⋅ln

-----------------------------
1 KCO2

CO2[ ]+
k1 KN2O τ X⋅ ⋅ ⋅
-----------------------------------–

N2O[ ]i

k1 1 X–( ) τ⋅ln
---------------------------------–=

1
1 X–( ) X⋅ln

----------------------------- N2O[ ]i

τ 1 X–( )ln⋅
---------------------------

B
1 KCO2

CO2[ ]+( )
k1 KN2O τ X⋅ ⋅ ⋅

---------------------------------------=

B τ X⋅ ⋅ 1
KN2O k1⋅
-------------------

KCO2

k1 KN2O⋅
------------------- CO2[ ]i+=
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3. ��� � ��

Ý o;� /°� Vá G�
 Fig. 1� {Ç>��. Vá G�� 9

Ê�, +#�, �º�( ;���.

9Ê�� 9Ê� S�( K 9Êc �� Û�� ò� >C 3 cm,

À� 70 cm! quartz S�( ��Bl�. 9Ê� B)�³ 30 cm)��

quartz sintered plate� ��-è 7¯
 11Bt¢ Bl�. 9Ê� �

Nc ò�³ PID �è�� oÜ-è �� IR furnace
 �°Bl�. 9

Ê�>! Ut
 ë_B� òB¦ Nµ�
 ��Bl�.

Flowmeter
 ��B¦ O_#! +#c �sÐ BlY, 9Êµ 9Ê

��! ¤t� 9Ê�! 9Ê¤t
 ë_Bl�. ë_	Í$ O2, CO2,

N2O, CO, NO����, data� 1� E
'( computer� �¢-��.

�º�! �º �¼� IRLä'( ë_-��.

Vá 6_$ 9Ê� >)� Nµ�
 âµ� 7¯! ��)� ò�B

t¢ ��  CaO(0.3-2 g)� silica sand(2.5-4.2 g)
 âµBY, bypass

line
 5� 9Ê��
 �¼:³ �� ¤t
 ë_Bl�. O_ ¤t�

+1-: bypass line! ��
 �Y, 9Ê� >)( ����
 �¼:

³ 9Ê�
 �N�. �I �º��³ CO2� �M ð-: ºÎº�

�µy �� -��Y ·¹�. Vá ��! Ut� -: 9Ê�(!

���� ��c �Y bypass linec 5� ��
 �¼:³ �� ¤t�

+#c �7 �KBY, ����c 5� 9Ê�( 9Ê��
 �sÐ

�. Vá¾7 7E6 flow meter! Ô� ¦)
 �Ó3'( �KBY, ¤

t� 1� E
'( computer� ×GBl�.

Table 1� Vá��c {Ç>��. Ý o;� �° 7¯� de ,

t 0.5 mm! �Þ	 ºÎºc /°Bl�. Table 2�� Vá� /°�

ºÎº! ��6 Vá µ! BET �ºÜ6
 {Ç>��.

4. �� � 
�
 

4-1. ��� �� ��

¹ Ut 800, 850, 900, 950oC�³ Vá  �$ Ü6� rZ N2O!

µÅ#c Fig. 2� {Ç>��. � õù|� ºÎº 0.5 g6 K�ß/ 4 g

c â�BY, 9Ê�� N2O ¤t
 300 ppm, +# 5 l/min'( O_B

Ð +1BY, Ut 800, 850, 900, 950oC�³ Vác �aBl�. Vá

Ü6� Ut� 800oC�³ 950oC( Ut� À~��¢ 100 ppmO C

< 24, 32, 41, 48%( N2O µÅü� ��BlY, 200 ppm�³� 16,

28, 36, 41%( ��BlY, 300 ppmO C<�t 14, 23, 33, 39%( �

�ü� ��Blóc �K j � ���. CaO� N2O ��� �� ±

�c ¡� ����, Ut��� rX 9ÊÓt� ��B�( Ót�3

�º� ��Úc ¬ � ��.

4-2. CO2� �� ��

N2O ��� � CO2! ©Dc Fig. 3� {Ç>��. Vá ��$

CaO 0.5 g6 silica sand 4 gc âµ7� , 9Ê�! Ut
 950oC(

+178Y N2O ¤t
 300 ppm'( +1BY, CO2¤t
 0, 5, 10,

15, 20%( Ô�78:³ Vác �aBl�. Vá Ü6
 CO2! ¤t

� � N2O µÅü( {Ç>��.

VáÜ6()* N2O! µÅü$ CO2! ¤t� 0%�³ 5, 10, 15,

20%( ��Ú� rX µÅü� 39.6, 39, 37, 33.6, 31.2%( ]�Úc

¬ � ���. �� �¼3'( CO2� ! N2O! CaO R:'( �

	L� ¶� �æ3'( N2O! ��9Êc Ö�78� CaO R:! ±

�É(active site)� CO2� Aö�'(� N2O� CaO! ±�É� t�

B1 �B� åh� Oè{Ð ��. õ �( CO2� N2O ��9Ê�

L���( �°BÐ ��.

Shimizu� Inagaki[16]� CaO� O2, CO2
 =,B� N2O ��9Ê� �

Vá�³ �¼3 ©D$ ! 20%, �æ3K ©D$ ! 40%_tXY Bl�.

Fig. 1. Schematic diagram of the experimental apparatus(Quartz reac-
tor, height 70 cm, inner diameter 3 cm).

Table 1. Experimental conditions

Variables Experimental conditions Remark

Bed materials

Flow rate(l/min)
Temperature(oC)

N2O(ppm)
CO2(%)

NO(ppm)
N2

CaO(0.5 g, 0.3 g, 1 g, 2 g)+
Silica sand(2.5-4.2 g)

5
 800-950
100-300

0-20
300-600
balance

Calcined for 3hr at 
950oC

Table 2. CaCO3 and CaO analyses

Limestone CaO 54.14%, MgO 0.94%, H2O 0.02%

BET

Surface 
CaCO3

(m2/g)

Surface 
CaO

(m2/g)

Surface CaO after 
N2O decomposition

(CO2 0%)

Surface CaO after 
N2O decomposition

(CO2 20%)

4.36-4.52 7.52-8.02 7.32-7.94 2.35

Fig. 2. Effect of temperature on conversion(CaO 0.5 g+silica sand 4 g,
800, 850, 900, 950oC, N2O 100, 200, 300 ppm).
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4-3. CaO 	
�� �� ��

CcO 0.3, 0.5, 1, 2 g, silica sand 4.2, 4, 3.5, 2.5 g'( â�#c Ô�

7" Vác �aB¦ �$ Ü6
 N2O â�#6 µÅü� � õù

|( Fig. 4� {Ç>��. Vá7 Y_Æ! vÐ� 9Ê� >! n�7

Ec O_BÐ +1B� ò�³ 4.5 g'( Y_Bl�. ºÎº! â�#

c #¼:, ºÎº�³! n�7E� 0.0003�³ 0.0002( Ô�Ú'(

�� � ©Dc $%§ � ���.

VáÜ6()* CaO! â�#� 0.3, 0.5, 1, 2 g'( ��Ú� rX

N2O µÅü� 27, 39, 51, 57.5%( ��Úc ¬ � ���. �� CaO

#c #&'(�, CaO�³! 9Ê7E� 'è('( N2O ��� #è

)'( ·¹j � ��.

Hao� Gibbs[8]� !B: CaO! &� ��j�¢ N2O� ]�B1

x, NOx� ���Y Bl�.

4-4. NO� ��

N2O ��7 NO� "�� ©D� ��³ Fig. 5� {Ç>��. 950oC

�³ CaO 0.5 g, silica sand 4 gc â�BY, NO! ¤t
 0, 300, 600

'( Ô�78:³ Vác �aBl�.

Vá Ü6()* N2O��� NO� 0 ppmO C<�� µÅü�

39.1%��Y, NO 300, 600 ppmO C<� 30% _t(, NO �S7�

N2O ���� ×B�c �Kj � ���.

4-5. O2� ��

N2O ���³ O2� "�� ©D� ��³ Fig. 6� {Ç>��. 950oC

�³ CaO 1 g6 silica sand 3.5 gc O_BÐ âµBY, O2 ¤t
 0, 5,

10, 20%( Ô�78:³ Vác �aBl�. N2O ��� O2� Ñ� �

�j C< N2O ��� � CaO! ±�� ��B�� ]�Úc �K

j � ���. õ { O2� �SB1 b� C<� �2�³� N2O �

�ü� ��Bl�.

4-6. ����(Homogeneous reaction)

�æ9Êc ��B� LØ�� ¦  �1� ��T �æ9Ê�æ�

³ �G +° LØ$ 9Ê� �¦B� h(phase)! �� rX �Ð e

O�9Ê(homogeneous reaction)6 �eO�9Ê(heterogeneous reaction)'

Fig. 3. Effect of CO2 concentration on N2O conversion(950oC, CaO 0.5 g
+silica sand 4 g, CO2 5%).

Fig. 4. Effect of CaO weight on conversion(950oC, CaO 0.3, 0.5, 1, 2 g+
silica sand 4.2, 4, 3.5, 2.5 g, N2O 300 ppm).

Fig. 5. Effect of NO concentration on conversion(950oC, CaO 0.5 g+
silica sand 4 g, CO2 5%, NO 0, 300, 600 ppm).

Fig. 6. Effect of O2 Concentration on N2O Conversion(900, 950oC, CaO
1 g+silica sand 3.5 g, O2 0-20%).
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( {Ò � ��. ¦�³ eO�9Ê�X Ú$ Ñ$ h(phase)! ��(

Yn-Yn, �n-�n)! 9Êc *�. +, CO2� N2O� ��h%(

x{ 9Ê�� k�Y, �eO�9Ê$ N2O� CO2� CaO! ±�É

K Yn R:�³ 9Êc �Y �_B� k��.

eO�9Êc RåB: ~ù� Ñ�. 

ò! 9Êä�³ CO2� 6#��( N2O� � 9ÊÓtä'( R

åB: ~ù� Ñ�.

r = k[N2O]

ò äc µÅü� � ä'( 3�B: ln(1−X)=-τ · k( {Çú �

��. ò äc plotting Ü6
 Fig. 7� {Ç>��. ä! �þ�()

* 9ÊÓth� k
 ;j � ��. õ&�³ 950oC
 ��BY� R2

ÿ� 90%_t( Vá Ü6� 4 O�Úc ¬ � ��.

Ut� rZ kÿ$ 800, 850, 900, 950oC( Ut� ��j�¢ 11,298,

12,039, 11,751, 16,325 s−1( ��Bl�. Fig. 9�³ ; E/Rÿ$ 2,772

(kcal/mol oK), øtKp� 1.43,105c {Ç>��.

4-6. �����(heterogeneous reaction)

ò! ä (9)
 plotting Ü6
 Fig. 8� {Ç>��. 9ÊÓtäc Ü

_B� LØ$ <@ Oè� 9Ê! �íîïc Ü_BY, 9Êäc +t

�ó õ 9Êä� Váä6 O�B� _t
 ³( �2B� k'( �.

ä'()* ; 9ÊÓt	�� 800oC�³ 850, 900, 950oC( �

�Ú� rX 1,667, 2,500, 5,000, 10,000 s−1( ��Bl�. õ¼Y N2O

! d-h� KN2O
ÿ$ 0.0316, 0.0465, 0.0377, 0.02564 m3/mmol�l

'�, CO2� � d-h� KCO2
� 1.05454E-05, 9.3023E-06, 9.433E-06,

1.0256E-05 m3/mmol��. Fig. 9� {Ç�.� Ñ� E/Rÿ$ 15,841

(kcal/molK), øtKp� 3.86,109c {Ç>��.

ò�³ eO�9Ê6 �eO�9Ê! ä� ç/� 4 O�B� �+

� Ô�� -� CO2! ¤t� 6#��( �eO�9Ê! 9ÊÓt�

N2O� � ä'( Rå-� k6 Ñ'�( / �1 �º� ç/ 4 O
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Fig. 7. Homogeneous reaction kinetics diagram.

Fig. 8. Heterogeneous reaction kinetics diagram.

Fig. 9. Arrhenius equation diagram.
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r : reaction rate[mol/m3ûsec] 

KCO2
: equilibrium constant of CO2[−] 

KN2O : equilibrium constant of N2O[−] 

s : active sites in the surface of CaO[−]

S : total active sites of CaO[−]

k1 : reaction rate constant(1/s) 

τ : residence time[s]( )

W : packed weight of CaO[kg] 

ρ : density of CaO particle[kg/m3]

F : flow rate of experimental temperature[l/min]

[i] o : initial concentration of I component[m/m3]

X : ×100

X i : conversion of I component[−]

T : temperature[K] 
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d N2O[ ]
dt

------------------
3.86 109 15841 R⁄–( )exp KN2O N2O[ ]×

1 KN2O N2O[ ] KCO2
CO2[ ]++( )

------------------------------------------------------------------------------------------=

W
ρF
------

 
(input concentration)-(output concentration)

(input concentration)


