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��	 �� ��� PQ ��GR E )S�� ��/ CO2 ��
 'A$ ��D ��T)R UV-). 23W �� X*

� Ce-Ni-Pt/Al2O3 ��� �Y Z	 8[# \]^_56, CH4 20%, O2 5%, CO2 10%� `aW bc 800oC*� 93%/

CO2 def
 98%/ CO 'f# g_). �� h i�/ `aj# A�kl* m@ ��n f
 CO2 def	 o��4

R ���� p,B
5 $%=q GrG, st). CO2 defD u# v* 10-30oC/ ����� wxy_).

Abstract − In this work, CH4 combustion-CO2 reforming was investigated. In this reaction system, CO2 reforming which is
an endothermic reaction occurs together with CH4 combustion which is an exothermic reaction and thus it is anticipated that
the temperature lowering of the catalyst bed would be alleviated. The catalytic actions of Pt, Ni and Ce supported on Al2O3

were investigated, and Pt was found to be a very active catalyst for the combustion of the methane as well as for CO2 reform-
ing and steam reforming of methane. It was shown that the sequence of impregnation of the catalyst constituents affected the
activity significantly. In the CH4 combustion-CO2 reforming, it is inferred that the combustion occurs in the first place and the
CO2 reforming as well as steam reforming follow it. Among the catalysts tested, a Ce-Ni-Pt/Al2O3 catalyst showed the best

result: at the CH4 : O2 : CO2 feed ratio of 20 : 5 : 10 and at 800oC, 93% of CO2 removal and 98% of CO yield were obtained.

As the feed rates of CH4 and O2 increased, the methane conversion and CO2 removal ratio were decreased but the lowering of

the catalyst bed temperature was not reduced significantly contrary to the expectation. When the extent of CO2 removal was

high, it was observed that the measured bed temperature was lower by 10-30oC than that when no reaction occurred.
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]^"_%. 1992	 `<H ab)� c\d “*ef�!g” 
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CO2� {| �t*�� �a��, �G�FA, ��FA, �FA �

a � �� 3�3 $1�, � � �FA �a {�� "��� �z�


y�zYD 
Vd �H(CO2 reforming of methane) ~1 �� �H

(dry reforming) ��- 
V"� CO2 {|� �tn I�s �R34

(H2/CO, 
��=1)D �s zY��- +ZV  ¡ $%[3, 4]. �¢�

�zn CO2 L- £V"� �R34D �1 ��� ¤b ¥� ¦§�

�
¨� �� �c� >©� § ��
 �3ª"«, § ��- ¬*  
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]

¯- ­\"1 {�/��, �z ° CO2� I�s yYD ±² ��"

� ��* ³)� �z� .´3 5�a µY(in-situ combustion)"�

q�S §�� ��* ³� ��3 ¶s�1 v- ·- ¡ $�� ~1

�¸D ¹� ��� ��"�� ³´)� ��3 �º"� A»¼ ¥

� ����3 ���*D *k  ¡ $%[5]. 
 ib ½¾d ¿´ 3

§ ÀÁ3 �Y��1 
¯n I�s �z� µY)� �R�1 H2O�

CO21 Â[ �zn �H ��- ./W CO� H23 �y�¨� CO2�

H2O� Ã|� 25� ÄÅ ÆsÇÅ S%. È¼ µY)� �RS H2O

1 �z� ¡É* �H(steam reforming of methane)) �­ CO� H2

3 �¨� H2/CO�D ¥
1 Ên3 $%. Ë, �z� ¡É* �H)

�­ �61 
�A H2/CO �1 3
¨� �cA/� �61 H2/CO �

1 1>% I ÄÅ �# ~ � �� Ì»
 sÍ �� 3Î"¨� 
 *

cD %Ï Ð�)� ZV"1� �z� CO2 �H ��L ¡�"1 v

>% I �ad v� ~ %® 
¯
%.

Ñ)� Ò�d Inui �[5]� Ni-Ce2O3-Pt-Rh� Ó 3� R�- wÔ

Õ�3 Ö×S =<ØÙ�) ±Ú[0#, 
 Ù�D Û² 1 mm� Ü

Q�� LÇs� ��* ³) ÝÞ"� ��- ¡�"_%. CH4/CO2

�D 1� "# ß3� yY� )z ~1 à�Ü- &
 ��"� 5�

aµY3 .s�Å d ib, �*� ��(]���)3 350oC 
�)�

1 á¤7 ��3 ]���>% kâ 200oC 
� ¥Å �ãä# � \

n� ]���3 ¹Ï)� ��"# �z� ��å
 ¥Å �æ%# >

#"_%. ��� 
 ib CH4/CO2 ���3 1
¨� )z
� à�Ü

� µY) �­ �R�1 CO21 2HA/� 5��� K# Ã|S%.

dç, CH4/CO2 ���D 3.5� d ib) k­�1 µY) �­ �R

S CO23 �è¼ 5���L �*� ��� á¤7 ��� O
3 é

ê��D ë¼� Kì%. ~d £Vd Ó 3� á¤ R� íí
 sî

Â n RÎ- 3�1 �� ^ï¼ ë¼� Kì%.

CO2 {|- Æ
�� �Vd �R34D �# ��) ðñd § �

�- �Y�"*  d ò µ�� :ñ ñY1 bó á¤ó�
%. �*

� £Vô á¤1 �z� 
y�zY �H ° ¡É* �H) RÎ
 õ

# ö[) �z� ÷�µY3 
y�zY �H ��n ö[) ~1 I

øa .s�Å "1 *Î- 3ùE d%. u<� á¤1 Â 
 %® �

� 3� �RR�/� A»¼ Ì��sE   v/� �íd%. ò µ�

)�1 �z µY-CO2 �H��
 �� 3� R�/� �RS á¤)

�­ �� 3� ��
 .s�1 ½¾d �
¨� £VS íí� á¤

R�
 súÅ UV"13D Ì£"_%. ûc�1 �üQ�� wÔÕ

�D £V"_# ZRR�/�1 ýþn ÿ�, *ã �35� =a©D

£V"_%. ZRR�- �a"� 5Ìd á¤) k­, �� �z µY

) k"� á¤RÎ- ��># ò ��� �z µY-CO2 �H��-

¡�"� á¤� RÎ ° 
�� á¤7 �� �º/"� ��D Ì£"

# CO2 5�ån �R34 ¡å
 b¡d �A� ��Ì�- 	#�

��*c� ÌR- �a"� >ì%.

2. ���� 	


ò µ�)� .s�1 �� 3� :ñ ��) kd §�F� %Ïn &%.

CO+H2O=CO2+H2 ∆H298=−41.2 kJ (1)

2 CO=C+CO2 ∆H298=172.5 kJ (2)

CH4=C+2 H2 ∆H298=74.91 kJ (3)

CH4+CO2=2 CO+2 H2 ∆H298=247 kJ (4)

CH4+2 O2=CO2+2 H2O(g) ∆H298=−802.3 kJ (5)

CH4+H2O=CO+3 H2 ∆H298=−206.3 kJ (6)

(x+1) CH4+CO2+0.5x O2=(x+2) CO+(2x+2) H2

∆H298=247−35.7xkJ (7)

�z� CO2 �H�� (4)1 640oC 
�)� ∆Go3 Ï� 
- 3�

« CO2 �H[ ´��� ¡R34� �� (1)n Boudouard �� (2)1

íí 815oC 
"� 710oC 
�)� ∆Go<0
%. u<� CO2 �H �

�[ ÖÄ �R ´�� (3)
 }5�# �R34�� �h
 b=­�

*  ­�1 700-800oC 
�� #�
 ðñ"%. �z� ¡É* �H

�� (6)� 610oC 
�)� ∆Go<0
«, ���� 700oC)�1 ¡É

* �Hn ±² ¡R34 �h��, �z� zYQR �� (3)
 �a"

Å .s�%.

µY ��n �H��
 \�"� �� �RG�� 
�A/� CO

� H2L �RS%#   � �� (7))� x3 g 7 
�
 �sE �c

A/� q§��
 �« 
� H2/CO �1 16/9(=1.78) 
� S%. 
1

�z� CO2 �HL .s�1 ib(H2/CO=1)>% I ¥/¨� �R3

4� ZV�3 �Å S%. ��� 25)�1 �F
Q �j) �z�

��å� d�3 $#, CO2� ÷�¼ 5�ô ¡1 �%. 
) k­�1

\n ° #� ´�)� �â¼ Ò�  v
%.

3. � �

3-1. �� ��

ûc� £Vd γ-wÔÕ�(Strem Chemicals 13-2550, 1/8 inch cylinderica

pellets)1 ��"� 40-80 mesh Ä*D �< 400oC)� 2[� �Ì[

� e £V"_%. á¤1 wÔÕ�D ûc� "� ��c� ¡V�-

£V"� ��±Ú�(dry impregnation= incipient wetness method)/�

5Ì"_%. í R�� ��c�1 X�ÿ�y(H2PtCl6 · xH2O, Aldrich

Chem., assay 40% Pt), Hyýþ[Ni(NO3)2 · 6H2O, Shinyo Pure Chem., assay

97% Ni], Hy=a�[Ce(NO3)3· 6H2O, Yakuri Pure Chem., assay 98% Ce

- £V"_%.

á¤ 5Ì [, 2R� 
� û�[� �1 �OA/� ±Ú[�/«,

d � ±Ú[� �)1 110oC)� 12[� �Ì[� %Ï 500oC)� 4[

� YR e %Ï ±Ú- ¡�"# &� {�/� �Ì, YR �aD �

½"_%.

Ð� ZRR�á¤� (5)Ni/Al2O3, (10)Ni/Al2O3, (1)Pt/Al2O3D 5Ì"_

1�, �*� �� � ��1 wt%D �ã %. 2R�á¤1 (5)Ce2O3-

(10)Ni/Al2O3 �a# (5)Ce2O3-(1)Pt/Al2O3, (1)Pt-(5)Ce2O3/Al2O3��

��1 =a©D �� û�[0# %Ï) ÿ�- û�[� á¤
«,

e�1 û� ��3 �k
%. ~d Pt� Ce2O3D �±Ú[� á¤�

5Ì"_1�, 
 á¤1 (5)Ce2O3-co-(1)Pt/Al2O3� �ã³*� d%.

3R� á¤�1 (5)Ce2O3-(10)Ni-(1)Pt/Al2O3D 5Ì"_#, í R� û

� ��1 �ã  �� k�
%.

3-2. ����

��2!� �QA� "T� lQ��*D £V"� ¡�"_%. �

�l� 8 mm ID #Ml
« ��
 g� $©�Å 3�"� ¡%/�

]Á"_#, �´�´& §�kD ÝÞ"� á¤7� ��D '�"_

/« ¿´� lQ �*�� ��D Ì»"_%. 
� á¤7� 25 �

�D '�"*  ­ ÝÞS §�k�  Á) u< '��1 á¤7�

��3 O
�¨� §�k  ÁD .�"Å #�"_%. %Ï/� ��

l ��) #M(- ¬Á#, á¤D )�d e ¡YD *a�� 700oC

)� 2[� á¤D ZR�[�%. ��*c(�z, yY, CO2)1 mass flow

controllerD �+ ���«, ,#*c�1 -.- £V"_%. ��*D

�� *c1 CaCl2 ¡� ¦¡ /0- �1 %Ï -.- carrier gas� "

1 2k� gas chromatograph(GC)� �#�1�, "�1 Hayesep Q

column- À2"�(H2+CO+O2), �z, CO2 �- �#"_#, %® "�

1 Carboxen 1004 column- À2"� H2, CO, O2, �z �- �#"_%.

�z� µY2!)�1 �z) k"� 
� yYD ��"_#, ��
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��������������
�z ÌR� 3qd� 
"� 9%� "_%. �z µY-CO2 �H ��

2!)� �z :yY : CO2 �1 (1+x) : (0.5x) : 1� "_#, ��*c ÌR

� x=1. � �z 20%, yY 5%, CO2 10%, �4�1 -.
5#, x3 4,

7. � íí� �z ÌR� 25, 32%
5%. £Vd á¤� 6� 0.3 g


5#, ��*c �c �7� 100 cm3(STP)/min
5%. íí� ��2

!� ö.d á¤) k­ ]���D f�[0�� á¤RÎ 
32!

- ¡�"_#, í ]���ê% ��*cD *8 e )�d [�- :

s(30�-1[�) ��
 ����) ��d e) �#"_%.

3-3. 	
 ��
� ��

á¤9�� ¡Y �F¦27n �
� B|�å- �"*  "�

Micrometrics ASAP-2010/� ¡Y �F¦2 2!- ¡�"_%. á¤ �

�a� 400oC)� 7[� ¡YD 50 cc/min/� *x:�� h�[�%.

4. 
� � 	


4-1. ��� �


5Ìd �� 3� á¤) k"� �z� µY ÈR- �� ò \n1

%Ïn &%. µY��� md q§��
¨� sÍ �� q�3 .s

�� ��å
 :�* ¥©�# á¤� ��Ì»
 �3Î"«, ��å


 sÍ �� 
� ¥/� á¤� ��3 ¿´ ]���>% �è¼ ¥

©�%. u<� á¤� 25��1 w* sxb¨� 
")� ü"1

����1 ;%® ü
 �/� ]���(set bed temperature, ¿´ �

*�� Ì»"x# ?< �� Ë, ��
 .s�� K- �� ��)D

üd%.

Fig. 1� 5Ìd �� á¤Ç) kd �z� µYÈR- >�=%. ÿ

� Ð. R�� (1)Pt/Al2O3 á¤� ib q�¯(ignition point)� 325oC


%. ���, =a©-ÿ� �/� ±Ú[� (5)Ce2O3-(1)Pt/Al2O3 á¤

� ib)1 210oC)� q��s 97% 
�� �z��å- >_%.


v� =a©3 yY �ÀÎ
 $s� ÿ�Þ�)Å ZRyYD �Z

¼ ��"� µY3 á�S \n, q�¯
 (1)Pt/Al2O3 á¤� ib>

%� 115oC �� ¹©>%# �íS%. ��) ÿ�-=a© �/� ±

Ú[� (1)Pt-(5)Ce2O3/Al2O3 á¤� ib g 500oC)�´& µY��


 [U�s 700oC)� 90% 
�� �z��å- �ã³5# �pd

q���� l��� Kì%. � 
�1 ÿ�- û�[� e) =a©

D û�[�* �j) =a©3 ÿ�- �è ´� ?s@a* �j


<# �íd%. %® µ�)�� ÿ�- û�[� e =a©D û�[

� á¤)� B|S ÿ� 9�A
 ÆsA%# >#S B3 $%[6]. Ë,

2R� 
�� á¤)�1 û� »O3 á¤RÎ) C MN- ÕÚ- ü

­ :«, 
v
 ��¼ ¹� µYZR/� �ãä%. �a#, =a©,

ÿ�- �±Ú[� (5)Ce2O3-co-(1)Pt/Al2O3 á¤� ib)�1, Pt/Al2O3

á¤>% 100oC�� ¥� 425oC)� q�¯
 l��5%. ýþ Ð

.R�� (10)Ni/Al2O3 á¤� ib) DEd q���� l��� K

ì# 400oC)�´& µY��
 [U�s 700oC 
�)� 90% 
�

� �z��å- �ã³5%. ~d =a©-ýþ �/� ±Ú[� (5)

Ce2O3-(10)Ni/Al2O3 á¤� ib)�� DEd q��� �
 400oC

)� µY��
 [U�s ýþ Ð.R� á¤� ib>% %Y ¹�

�z��å- �ã³%3 750oC)�1 100%� �z��å- >_%.

ÿ�
 ±�S á¤�1 �a Ni� ib =a©� �+� �"� µ

Y3 á��� Kì1�, � 
�1 �^"�1 K�L ýþ� µY Z

R
 ÿ�>%1 �p¼ ¶s�¨� =a©) �d yY��
 $%#

"I<� *�)� %F ¦2�1 yY� �G"� � Ên1 ÕÕd

v/� �íS%. dç, Tiernann Finlayson[6]� Pt-Ce �)1 ��U

V
 �"� Pt1 +43)� 03� ÷�¼ h��� K# +23� �+

"Å �s µY ZR
 ÄÅ N�S%# "_1�, �� Ni� ib1

Ni-Ce ��UV
 $%� Pt>% h��*3 I sxH Ni� h�- }

5"¨�� 6¼x µY ZR N�) %Y ´�A� MN- ÕI v/

� �íS%.


�� \nD ��>�, È¼ ÿ�
 ±�S á¤[(1)Pt-(5)Ce2O3/

Al2O31 J¿]) �d q�¯� �è¼ ¹ì%. u<� �z µY-�z

� CO2 �H)�1 �z
 �� ÷� µYô v
<# ÜÐ  ¡ $/

«, 
� �K H2O� CO23 �zn �H ��- ./� v/� ß�

S%.

4-2. �� �
-��� CO2 ��

4-2-1. ±Ú��� MN

�z µY-�z� CO2 �H)� ±Ú��(�OA ±Ú�, �±Ú�)

) u® á¤ZR� MN- w©>*  ­, =a©-ÿ�� ���

(5)Ce2O3-(1)Pt/Al2O3 á¤� ÿ�-=a©� ��� (1)Pt-(5)Ce2O3/Al2O3

á¤ �a# =a©� ÿ�- �±Ú[� (5)Ce2O3-co-(1)Pt/Al2O3 á

¤� ZR- '�"� �G"� >ì%. �z� ��å� (��d �z

L ¡ −M� �z L ¡)/(��d �z L ¡)�, CO2 Ã|�1 (Ã|�1

CO2 L ¡)/(��d CO2 L ¡)�, CO¡å� (�RS CO L ¡)/(��

d CH4+CO2 L ¡)� ��"_%.

(5)Ce2O3-(1)Pt/Al2O3 á¤, (1)Pt-(5)Ce2O3/Al2O3 á¤� (5)Ce2O3-co-

(1)Pt/Al2O3 á¤, 
� = á¤) k"�, Fig. 2) á¤7 ]���)

u® �z��ån CO ¡å- �ã³5# Fig. 3)1 á¤7 ]���

) u® CO2 Ã|�(discharge/input ratio)� ∆TD �ã³5%. �*�

∆T1 '�S á¤7 ��� ]����� ��OD ü"«, '�S á

¤7 ��1 á¤ ûc Þ�� � £
 ��/� �RS á¤7) ÝÞ

S §�k� '�d ��D ü"1� ûc Þ�� ��, IN
 � 


) û�S �
 Þ�� ��D �ï¼ �ã³1 v� ©ý%. Ð� ∆T

1 ]���� 25 á¤ �� £
� O
3 sÍ �� C�D �ã³

1 O��� 
­�sE d%.

��, (5)Ce2O3-(1)Pt/Al2O3 á¤) �d \nD ��>� %Ïn &

%. g 350oC)� �z��å
 ��º"1 �pd ��
 .s�1�,


� CO2 Ã|�� u<� �p"Å �º"# ∆T� ÄÅ É3"¨�,

350oC)� .s�1 �pd ��� ÷�µY �jP- w ¡ $%. 350oC


�)�1 �z��ån CO ¡å� ��¼ É3"� 750oC)� í

Fig. 1. CH4 conversion vs. set bed temperature over various catalysts in
CH4 combustion(CH4:O2:He=18:9:73); �: (5)Ce2O3-(1)Pt/Al2O3;
�: (1)Pt/Al2O3; �: (5)Ce2O3-co-(1)Pt/Al2O3; : (10)Ni/Al2O3; �:
(5)Ce2O3-(10)Ni/Al2O3;�: (1)Pt-(5)Ce2O3/Al2O3.
���� �40� �1� 2002� 2�
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í 97.8%� 88.0%D �ã³5#, ��) CO2 Ã|�1 ��¼ tY"

� 700oC)� 0.79, 750oC)�1 g 0.61 Ë, 39%� CO2 5�å- �

ã³5%. ~d ∆T1, �H��
 .s�1 ��3 ¥©H¡Q CO2 Ã

|�� �£d iN/� tY"%3, g 620oC 
�)�1 ∆T3 Ï�


- 3�1� 
�´& �H��
 .s�1 ��3 �è¼ ¥©� R

�A/� >� ¦§n�
 �* �j
« 750oC)�1 g −4 oC� �

�OD �ã³5%.

%Ï/�, Ñ� á¤� ±Ú ��3 �k� (1)Pt-(5)Ce2O3/Al2O3 á

¤� \nD ��>� %Ïn &%. �z��å� 500-600oC ́ �)�

%Y É3"_- S 800oC)�� 32.5%� ¹� ��å- >_%. 500-

600oC ́ �� ���, ÷�µY ��� \n�T, �z� µY \n(Fig.

1)� .Ád%. CO ¡å Â[ 800oC)� 11.2%� ©: ¹� \nD

>_%. CO2 Ã|�D ��>�, 600oC��1 ¯O �º"%3 
e

2.0 ��� CO2 Ã|- �ã³s CO2 �t)1 C Ên3 �5%. Ë


 á¤)�1 �z� µY��L :� .s�# 600oC 
�)��

CO2 �H��� ;� .s�� KÏ- w ¡ $5%. � \n ∆T3 800oC

)�� 6� 
- �ã³5%.

U/�, =a©� ÿ�- �±Ú[� (5)Ce2O3-co-(1)Pt/Al2O3 á¤�

ib1 (5)Ce2O3-(1)Pt/Al2O3 á¤>% �z��å
 %Y ¥� ��)

� �pd �º
 .s� ¯- 5¿"#1 �z��å, CO ¡å
�

CO2 Ã|�� O
3 ÄÅ �� Kì%. ∆T1 (5)Ce2O3-(1)Pt/Al2O3 á

¤>% 50oC�� ¥� ���, Ë �zµY \n� JV  ¡ $1, 400oC

)�´& ∆T3 �p¼ �º"_/� 600oC 
�)� Ï� 
- W*

[U"� 750oC)� ∆T3 −14oC� �� "� ��3 %Y ÄÅ �ã

ä%. 
v� CO2 �H��
 ;� .s�� K� (1)Pt-(5)Ce2O3/Al 2O3

á¤� ibD 5¿"# (5)Ce2O3-(1)Pt/Al2O3, (5)Ce2O3-co-(1)Pt/Al2O3

á¤D £Vd ib) 600oC 
�
 �� �H��
 ¯O X
 .s

�� R�A/� >� ¦§n�
 �* �j
%.

dç, ��)� Ò�d B� &
 Inui �[5]� µY��
 �H��

n Ì��s .s�Å d ib, ]���3 350oC 
�
 �� á¤7

��3 ]���>% 200oC 
� ¥Å '��5%# >#"_%. ��

� 
�� ��G ÌR� CH4: CO2: C2H6: O2: N2=10 : 10 : 5 : 17.5 : 57.5

(CH4/CO2=1)
51�, 
�A� ��
 .s�� ���RG� CH4�

CO2)� CO� H2L �R�# C2H6� O2)� CO2� H2OL �RS%

# 3�"�, §�FA/� Y � �cA/� q§n�
¨� ∆T� �

º
 3Î"� )z µY) �­ �RS CO21 �k� {|S%. ��,

CH4/CO2 ���D 3.5� "# )z ~1 à�Ün yYD ß3� ��

d ib) k­�1 µY) �­ �RS H2O� CO23 �zn ��"

� �è¼ 5���L ∆T) kd �¸D ̂ ["� Kì/¨� ∆T3 é

ê��1 w ¡ �5/«, ò µ�� \n)� ß�­Y � 
 ib R

�A ��) k­�1 ¦§��
 �¨� Â[ á¤7 ��� �"3

$5- v/� �íS%.

±Ú��) u® MN- ��­>�, Ì£d ���� ��) Z+ �

OA ±Ú�/� 5Ìd á¤3 �±Ú�/� 5Ìd á¤(=a©-ÿ�

á¤)>% g� I b¡d �z��å- �ã³5�L � O
1 Ä�

Kì%. �a# ��"� ��� �OA ±Ú�/� 5Ìd á¤3 %

Y ¹Å �ãä%.

4-2-2. Pt� Ni� RÎ �G

=a©D �� ±Ú[0# %Ï/� ÿ� ~1 ýþ- ±Ú"_- �

á¤RÎ) ÕÁ1 MN- w©>*  "�, (5)Ce2O3-(1)Pt/Al2O3 á¤

� (5)Ce2O3-(10)Ni/Al2O3 á¤D ��34 L � x=4� #�"#, �

�2!"� �z��å, CO ¡å, CO2 Ã|�� ∆T� \nD 3�#

ÿ�n ýþ� RÎ- �G"_%. ~d [� á¤� (5)Ce2O3-(10)Ni-

(1)Pt/Al2O3 á¤� \n�, Ñ� Û á¤ \n� �G"*  ­, &


Fig. 4� 5) �ã³5%.

ÿ�
 ß3� ±ÚS (5)Ce2O3-(1)Pt/Al2O3 á¤� \n1, Ñ)�

>ì\
 �pd ÷�µY ��
 350oC)� .s� e, 750oC)�

�z��å 97.8%n CO ¡å 88.0%D �ã³5# CO2 Ã|�1 �

H��
 .s�1 ��3 ¥©H¡Q tY"� 750oC)� 0.61(39%

� 5�å)- �ã³5# ∆T1 −4 oC_%.


) �­, =a©) ýþ- ß3� ±Úd (5)Ce2O3-(10)Ni/Al2O3 á

¤1 µY��
 �è¼ I ¥� ��� 650-700oC)� �p¼ .s

�* [U"_/� 700, 750oC)�1 93.2, 97.9%� (5)Ce2O3-(1)Pt/

Al2O3 á¤� �£d �z��å- >_#, CO ¡å� Â[ 700oC)

� �p¼ �º"� 80.1%, 750oC)�1 87.1%� CO ¡å�� (5)

Ce2O3-(1)Pt/Al2O3 á¤� �£"Å �ãä%. CO2 Ã|�1 µY��


 :� .s�1 650oC�� CO2 Ã|�3 Â[ É3"%3 700, 750oC

Fig. 2. CH4 conversion(open symbols) and CO yield(closed symbols) vs.
set bed temperature in CH4 combustion-CO2 reforming [CH 4:O2:
CO2:He=25:10:5:60(x=4)]; �,�: (5)Ce2O2-(1)Pt/Al2O3; �,�: (1)
Pt-(5)Ce2O3/Al2O3; � ,�: (5)Ce2O3-co-(1)Pt/Al2O3.

Fig. 3. ∆∆∆∆T(open symbols) and CO2 discharge/input ratio(closed symbols)
vs. set bed temperature in CH4 combustion-CO2 reforming [CH 4:
O2:CO2:He=25:10:5:60(x=4)]; �,� : (5)Ce2O3-(1)Pt/Al2O3; �,�:
(1)Pt-(5)Ce2O3/Al2O3; �,�: (5)Ce2O3-co-(1)Pt/Al2O3.
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002



20 
��������������

.

)� 0.85, 0.76(15, 24%� CO2 5�å)/� (5)Ce2O3-(1)Pt/Al2O3 á¤

>%1 %Y ]d \nD >_%. ∆T1 700, 750oC)� íí −7, −6 oC

� ��"���� ÄÅ O
�� Kì%.

~d [� á¤� (5)Ce2O3-(10)Ni-(1)Pt/Al2O3 á¤� �z��ån

CO ¡å- ��>�, (5)Ce2O3-(1)Pt/Al2O3 á¤� �� �^d iN-

>_# � O
3 g 3% 
� �� Kì%. CO2 Ã|� Â[ ¤ ��

��ê% �� �^d iN- �ã³�L [� á¤� ib3 650oC


�)�1 g 0.1-0.2 �� CO2 5�å
 b¡d v/� l��5%.

]���� 25 á¤ �� £
� O
D �ã³1 O�� ∆T1 700,

800oC)� íí −10, −2D �ã³5%.


�� \nD >�, =a©) ÿ� ~1 ýþ- �±Úd ib, 700oC


")�1 (5)Ce2O3-(1)Pt/Al2O3 á¤3 (5)Ce2O3-(10)Ni/Al2O3 á¤>

% RÎ
 ÄÅ b¡"_�L, 700oC 
�)� ; O
1 �� Kì%.

~d [�á¤� (5)Ce2O3-(10)Ni-(1)Pt/Al2O3 á¤� (5)Ce2O3-(1)Pt/

Al2O3 á¤1 �� �^d á¤RÎ- >_%.

4-2-3. ��*c ÌR) u® MN

á¤RÎ
 3À b¡d (5)Ce2O3-(10)Ni-(1)Pt/Al2O3 [� á¤D £

V"� ��*c ÌR� f�) u® MN- w©>*  "� xD 1, 4,

7� �a"� ��2!- ¡�"_%.

Fig. 6n 7) ��*c ÌR) u® �z��å- �ã³51�, �_

A/� 350oC
")�1 �� ��
 .s�� K�L 400oC)� x

3 1. � 19.9%
# x3 4, 7. � íí 32.1, 40.6%� �p¼ �z


 ���* [U"1� 
1 :� ÷�µY��) �d v
%. 
)

Fig. 4. CH4 conversion(open symblos) and CO yield(closed symbols) vs.
set bed temperature in CH4 combustion-CO2 reforming�CH4:O2:
CO2:He=25:10:5:60(x=4)�; �,� : (5)Ce2O3-(1)Pt/Al2O3; �,� :
(5)Ce2O3-(10)Ni/Al2O3; �,�: (5)Ce2O3-(10)Ni-(1)Pt/Al2O3.

Fig. 5. ∆∆∆∆T(open symbols) and CO2 discharge/input ratio(closed symbols)
vs. set bed temperature in CH4 combustion-CO2 reforming
�CH4:O2:CO2:He=25:10:5:60(x=4)�; �, �: (5)Ce2O3-(1)Pt/Al2O3;
�, � : (5)Ce2O3-(10)Ni/Al2O3; �,�: (5)Ce2O3-(10)Ni-(1)Pt/Al2O3.

Fig. 6. CH4 conversion(open symbols) and CO yield(closed symbols) vs
set bed temperature with different feed compositions in CH4
combustion-CO2 reforming over (5)Ce2O3-(10)Ni-(1)Pt/Al2O3 cata-
lyst; �,� : CH4:O2:CO2:He=20:5:10:65(x=1); �,� : CH4:O2:CO2:
He=25:10:5:60(x=4); �,� : CH4:O2:CO2:He=32:14:4:50(x=7).

Fig. 7. ∆∆∆∆T(open symbols) and CO2 discharge/input ratio(closed symbols)
vs. set bed temperature with different feed compositions in CH4
combustion-CO2 reforming over (5)Ce2O3-(10)Ni-(1)Pt/Al2O3 catalyst;
�,� : CH4:O2:CO2:He=20:5:10:65(x=1);�,�: CH4:O2: CO2:He
=25:10:5:60(x=4);  �,�: CH4:O2:CO2:He=32:14:4:50(x=7).
���� �40� �1� 2002� 2�



��� ��� �� 	
�� 
� ��� CO2 �� 21

e,

.-
u< x
) l��
 íí 400oC)� �#� CO2 Ã|�D �ã³5

%. 400oC 
e �z��å� �H��
 ¯¯ I X
 .s��� �

�¼ �º"� 800oC)� ��34 L �) l��
 �z��å


98% 
� �5%. CO ¡å� ]��� 400oC)� 3-6%
5#, 800oC)

�1 x3 1. � 97.9%, x3 4, 7. � 90.8, 92.0%� CO ¡å- �ã

³5%. CO2 �tÊn1 x3 1. � g 600oC, x3 4. � g 660oC,

x3 7. � g 710oĆ & �ã�* [U"�, 800oC)� CO2 Ã|�

1 x3 1. � 0.07(93%� CO2 5�å)� 3À b¡d \nD >_#

x3 4� 7 . �1 íí 0.49, 0.57(51, 43%� CO2 5�å)- �ã³5

%. Ë x3 U- �1 �z� µY) �­ �*1 CO2 6� U/¨�

��* ³)� �a­E  CO2 6
 As�#, u<� CO2 5�å


I ¥©�1 v
<# �íS%. dç, xD É3[`) u< á¤7�

���"1 ÆsÇ v/� *k"_/� 25 2!\n)�1 x=7.

� ���"��
 3À Ûa�>%. 
1 ���" ��- Æ�Æ v

/� J�?< �z� µY ��
 :� á¤7 ��Ð ´�� ¤b b

� ��)� cdÅ .s�# 
� �RS µY§
 á¤7 ©�e)

� .s�1 �H��) 5k� ���� ]"# �èd 6
 f/�

cù�g* �j
<# �í�«, � \n xD É3[W� ���"�

�- Æ�:� ]d v/� ß�S%. dç, 700oC)�� CO ¡å�

´& íí� x) kd CO �R7[��*c �7=100 cm3(STP) *=]

- �y­ >�, x=1, 4, 7. � íí 25.3, 23.7, 27.0 cm3��, 
hÅ

�yS CO �R7� kâA� �H��
 .s� ��D �ã³1 �

kA O�� Y ¡ $# 
1 x=7. � ���"��
 3À Ûa��

2!\n� ´�S%.

4-3. 	
 
����� � ��

û� �
á¤� ib) �
� �y�3 ZR- \�i1 :ñ ��


¨�, =a©-ÿ� �/� ±Ú[� (5)Ce2O3-(1)Pt/Al2O3 á¤� ÿ

�-=a© ��� (1)Pt-(5)Ce2O3/Al2O3 á¤ �a# ýþ- ß3"�

=a©-ýþ-ÿ� �/� ±Ú[� (5)Ce2O3-(10)Ni-(1)Pt/Al2O3 á¤)

k"� ¡Y ¦22!\nD Table 1) �ã³5%.

= á¤ jA ib)� ���(fresh) á¤3 ��e(used) á¤>%

�F¦27
 I ¥Å �ãä%. ZRR�� =a©, ÿ�� ±Ú��

D �ad (5)Ce2O3-(1)Pt/Al2O3 á¤� (1)Pt-(5)Ce2O3/Al2O3 á¤� i

b, ÿ�-=a© �/� ±Ú[� (1)Pt-(5)Ce2O3/Al 2O3 á¤� �F¦

27� ÿ�- =a©3 �è ´� ?s@x �F¦27
 (5)Ce2O3-

(1)Pt/Al2O3 á¤>% AÅ �ãä#, 
v� �z� µY2!\n��

´�S%. (5)Ce2O3-(10)Ni-(1)Pt/Al2O3 á¤� �
 B|ÿ�å(% exposed)


 ¹� v� Ni
 �y�3 ¹© C Þ�� �+"* �j
%. ��

�, (5)Ce2O3-(10)Ni-(1)Pt/Al2O3 ��� á¤3 3À ¥� �F¦27

- �ã³51� 
v� 3À õ� ZRn ́ �S%. ���, ��e á

¤1 ¡Y �F¦27
 �è¼ ¹��, 
v� Y\(sintering)
� z

YÚA(coking)
 .sä* �j
<# ß'd%. ��� zYÚA
 s

Í �� .sä%# "I<� 
v) �d ZR �"(deactivation)1 ;

� �- v/� �íd%. kl"� g� %® ��[4m
K "�L

&� (5)Ce2O3-(10)Ni-(1)Pt/Al2O3 á¤D £V"� )z µY-�z�

CO2 �H��- À[� ¡�­ >ì1� 50[� ö� á¤� 6� �

� �>% 5.3% É3"� zY� ÚA
 $5Ï- wì/� �z��

ån CO2 5�å, CO ¡å �)� zY ÚA) u® á¤� ZR�"

1 �� �ã�� Kì%.

5. 
 �

�z� µY��)�1 ÿ�- ±�d á¤[(1)Pt-(5)Ce2O3/Al2O3 5

¿]3 b¡d µYZR- �ã³5%. È¼ ±Ú��3 á¤ZR) C

MN- ÕÁ1 �, ÿ�n =a©D ±Ú[01 ib, =a©D ��)

±Ú[0� ÿ�� �è´�- =a©3 ?s@n/�� µYZR
 ©

: ¹©>/«, =a©D �� ±Ú[� ib)1 9�) B|S ÿ�

Þ�)Å yY �ÀÎ
 $1 =a©3 ZRyYD �Z¼ ��"� ÿ

� Ð. R�� á¤>%� I b¡d µYZR- >_%.

�z, yY, CO2D &
 ��d ib, ��� �z µY3 �� .s

�# � %Ï/� �z� CO2 �Hn ¡É* �H
 .s�%# ß�

�«, 800oC)�1 �F
Q) 3�
 ��"_%. =a©-ÿ� á¤

3 �z µY-CO2 �H)� õ� RÎ- �ã³5#, =a©-ýþ á¤

>% �z��å, CO2 5�å, CO ¡å)� op I b¡"_%. ÿ�

-=a© �/� ±Ú[� á¤� ib �z��å
 ©: ¹/« CO2

�t)� ; Ên3 �5%. Ì£d á¤ �)� =a©, ýþ, ÿ��

��k� =3� R�- û�[� á¤3 3À õ� RÎ- >�:5

1�, 
 á¤D 
V"� xD 1, 4, 7� É3[`) u< �z��ån

CO ¡å� %Y tY"_#, ���"1 *k�1 �a ;� ÆsÇ�

Kì%. CH4 20%, O2 5%, CO2 10%� ��d ib(x=1) 800oC)�

93%� CO2 5�ån 99.6%� �z��å ° 97.9%� CO ¡å- �

s 3À b¡d RÎ- >_%.
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Table 1. Exposed metallic content(mol %) by H2 chemisorption

Catalyst
Status

(5)Ce2O3-(1)Pt/Al2O3 (1)Pt-(5)Ce2O3/Al2O3 (5)Ce2O3-(10)Ni-(1)Pt/Al2O3

fresh used fresh used fresh used

H2 chemisorption [µmol/g-cat] 21.5 15.3 11.5 1.2 27.2 2.6
% exposed of metal [%] 84.08 59.57 45.03 4.78 3.10 0.29
HWAHAK KONGHAK Vol. 40, No. 1, February, 2002


	제자리 연소에 의한 열공급을 통한 메탄의 CO2 개질
	공상준·정태섭·이상진·윤기준†
	성균관대학교 화학공학과 (2001년 8월 27일 접수, 2001년 11월 19일 채택)

	CO2 Reforming of Methane with Heat Supply by In Situ Combustion
	Sang Jun Kong, Tae Sup Chung, Sang Jin Lee and Ki June Yoon†
	Department of Chemical Engineering, Sungkyunkwan University, Suwon 440-746, Korea (Received 27 Au...

	요  약
	1. 서  론
	2. 열화학적 고찰
	3. 실  험
	4. 결과 및 고찰
	5. 결  론
	참고문헌



