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Abstract − Methane could be converted to higher hydrocarbons by the two-step reaction using supported metal catalysts. At

the first stage methane contacted with metal surface to produce carbonaceous species and hydrogen. Carbonaceous species

then reacted with hydrogen to produce higher hydrocarbons at the second stage. Experiments were carried out with alumina-

supported ruthenium or platinum catalysts using a quartz tubular reactor. The reaction mixtures were analyzed with a mass

spectrometer and a gas chromatograph. The catalyst with too high hydrogenolysis activity produced mostly methane in the

second-stage hydrogenation reaction, resulting in the low selectivity toward higher hydrocarbons. When the catalytic activ-

ity for the hydrogenolysis reaction was too low, both the selectivity of higher hydrocarbons and the reaction rate were low.
Thus, it was concluded that the metal catalyst should have the moderate catalytic activity toward the hydrogenolysis reac-

tion for the maximum conversion of methane to higher hydrocarbons. Supported platinum catalysts exhibited the lower

hydrogenolysis activity than the supported ruthenium catalyst, producing larger amounts of higher hydrocarbons. Among

supported platinum catalysts, the 5% platinum supported on alumina catalyst, having the moderate hydrogenolysis activity,

was superior to the 0.5% Pt supported catalyst. The optimum temperature for the adsorption of methane on metal surface

was about 250oC. The noble metal catalysts tested in this work can also be applied to the process of producing hydrogen by

direct decomposion of methane.
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 1. � �

����� 80% ��� �	
� �
�� �� ����� ���

��� �� ���� ��. ����� �� !"#
� ���$ %

&'� �	( )*+
� ��,-. $/ #0� 1234 5 ��

$6. 78� 9:;�. ����� <=��  >? #@A� B�;

C 5DE FGH I� J*� �
K, ���� 78H �	 12$6

.  >?� ��� LM+N $6� $B #��>O. ��,- #

0P *Q;� $6� I;C )*
� RS �T,�� U� ��. )

*
( V�$ %W XY
� ����P �Z	,5[� \] 12;

� $6� 1970̂   /_>O ��� 3`�a�. ���� �b �c

;�� def OCM(oxidative coupling of methane)gh �	( �	

�i �jk
� \] 12��l bm� �� no-+ bp( =[

P �q;C r( s3� tu�' vw;�x �� ��[1-5]. yzi

{h ���� |�;� =[� _}rN �	E _};C ~=,	[

i �=,	[� 12�� #;� <
rN C2 �� 	,5[. 5�

� )*
. ;WN 30%P �� �;� ��.

�� =[P ��;� U� Cz �� ����P ��;C Rh �

��' �	
�>O \] C2 �� 	,5[P *Q;� �g� FW

��� �8� f��� ��[6-8]. ����� Rh ���' �	(

\] ��� 5 �� Vh ���' �	( 	[� 5[� ?A� 5 �

�� ��h �A de� ��. �� ��;C 1��� �	E +�W

��( _}3� ��-	[,�r( tu�' 5[P >=r� ���. 

CH4+M�M-CHx+(2−x/2)H2

� � ��� <
H 	[,�r(CHx)h �?",(polymerization)�

��, 2��� ��-	[,�r( 1���' �5H 5[� _};C

�	 ��. _}r( tu� ��( �3 �<;C ��;� ���

( _w;� �g� ��� *��a�[6-14].

M-CHx+H2�M+CH4, C2H6, C3H8, C4H10, etc.

� �gh =[� ���� U
 � OCMgE� ¡A �	� �=

,	[� [¢�� U� b£� ��.

Koerts ¤[6-8]h Cz ¥¦. ��(Fe, Co, Ni, Cu, Ru, Rh, Pd, Au)

( §�W ��P ��;C %. _} �¨©ª( Q�;«�. �uh

	[,�r� 3¥¦� <¬�� ­®;«�. ¯ °±N Cα� carbidic

surface carbon
� C2 �� 	,5[. <
� �b ��W 	[,�

r��, ² °±N Cβ� amorphous carbonaceous compound� 230oC

���' 5[,�K M³t C2 �� 	,5[� 12��  >? �

	
� 5[,H�. ´�µN Cγ� unreactive graphitic carbon
� 1

> �	
� 5[,�K 5[,��� 377oC ��
� V�. ¶·' Cα

. <
� {S¸ ² °± 5[,_}�' C2 �� 	,5[. 5��

¹�H�. Q�W Cz �� º�' ». )¼ ��E 	[�. ½�Y

� ¾;C Vh ���' �� �	� <
�a�, ©¿. )¼ ��E

	[�. ½�Y� �À RS Á��' �?", �� �;C �	t

8<�a�. ÂÃÄE Å8Æt� +�W 	[� ��E. ½�Y( [

�;C C2 �� 	,5[. 8<� ��;«�. ¶·' �	E +�W

½�Y( Ç� ��. È®E �� É _}QÊ( Ë� Ì� C2 ��

	,5[. 5�( V��l �¼ º:W :N�·� 8Á;«�.

Solymosi ¤[9]h §�H Í·Î��P ��;C �	. ?&_}�

F;C FÏW ½E �	� ?&��' 5[� <
�� �ÐÑ <


H 5[P �5;C 2�� _}�' 5[. ?Ò( VC C2 �� 	,

5[. 5�( V��l ��Ó 5 ��� ;«�. Ô ��� §!� ?

=�� ?=� É §!. ¥¦� �	. ����Õ S©· 2��_}

N 5[,_}�� ÖÑ ×¹( ØÙ�� 8Á;«�. Marceau ¤[10]

h �AÚ� §�H �ÛÁÜ Ý���(6.3% Pt/SiO2, EUROPT-1)P �

�;C 5[,_}( �3W ½E �	� ��H 	[,�r. 5[,

_}h 15?� 50% ®�� ��� f��K �	, �	, n-Þ	� <


r.  >?( ß�à( FÏ;«�. Belgued ¤[11-13]h s~W Ý�

��(EUROPT-1)P ��;C �	��E 	[,�r 5[,P 5�W

½E ��H �	 º C2 �� 	,5[ 5�� 7-9%á( â�W ã �

�. ä� �	 �� 3 ��, 3³, 5[ ?Ò. ×¹� C2 �� 	,5

[ 5�� å ×¹( ØæK, 2���' 5[ ?Ò� V(5x C2 ��

	,5[ 5�� VSç( FÏ;«�. Ô 10� _wH ����� �

�. 
è� é;�� US ��+N ê®� }�� 5 �� �è
(

âC �a�.

��� 8ÁH ½E� .;� �	 ?&P @Ù Ý���P ���

)¼ homologation _} 3 �?ë _}$�' 40% ��. C2+ 5�

( �( 5 ��� ;«�[14]. yzi %. ê®� �T,�e� ��

ê®� �èW $6 78� 95+��. ì 1���' <
H 5[� 2

���' ��Ó 5 ��x �5� �è;�, ��� _wH ����

�
� é;�� US¸ W�. ��,- ê®. �s]�?&(FCC) ê

®�' ��ºN �sí _}$P �q;� %. ê®h ��+
� Q

T� �è� Ì��. ì, �� ��� ¯ °± �sí îïN �	 ��

_}$�' �	( ��-	[,�r� tu�, ���ð� .& ���

�� ?A�� ² °± �sí _}$N 5[, _}$� �q�� 5

[� _}, C2 �� 	,5[P <
W�. ����� 5[, _}$.

ñ�� òæH ² °± ���ð�' óL;C �	 ��_}$� �

D�� ��� H�. �	 ��_}$�' ôñ�� $!� óàH 5

[� ?A�� ² °± _}$. 5[,_}� ���K �	h ?A

�� #0� ��� H�.

2�� �g� .W �	12$6� ��,�e� 1�� _}�' Cα

. <
( � � ;� 2�� _}�' C2 �� 	,5[. 5�( v

 ,� 5 �� �� É _}QÊ( Ë� Ì� º:;�. õ ���'

� �	. 12_} �
� ¼5;�� def Ý� É ÂÃÄ §� �

�P ��;C ��. ä
� �	. ��_} É 5[,_}� Øæ

� ×¹( Q�;«�.

2. � �

2-1. ����

�ö� ��H ��� dÂØi §� ÷�� ��� Ý�� ��� 2

¥¦. Ý� §�ø( �f ��P ��;«�. 5% Pt/Al2O3(325 mesh,

250 m2/g)� Aldrich��' �q;C ��;«�, 0.5% Ý���� θ-

Al2O3P §!� Eù�ú àûg
� *Q;C ��;«�. Koerts ¤

[6-8]� .& ¼5;�� â�H ÂÃÄ� ��� 5% Ru/Al2O3�

Aldrich��' �q;C ��;«�.

Micromeritics�. ASAP 2010 bæP ��;C COP ����� �

�. Á�+, ?=� É üý Ö$P þ®;«�. ÿ ��P 500oC.

5[ �� �ï�' 13³ s� 2#3� �, 500oC É ���' ÿÿ

23³ É 13³ s� fê( +�;C 5[P *@;«�, ���' CO

P ��*� ,-��( 5�;C �h ½EP Table 1� i��a�. 

Table 1. The surface area, dispersion and average particle size of supporte
metal catalysts measured by CO chemisorption

Catalyst
Metal surface area

(m2/g)
Dispersion

(%)
Average particle 

size(nm)

5% Pt/Al2O3

0.5% Pt/Al2O3

5% Ru/Al2O3

2.96
0.85
2.70

24.0
68.5
14.8

4.7
1.6
9.0
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�ö� ��H ��� 99.99%��. ��� É /��� ��� molecular

sieve� .& ­�� ®*;C ��;«�.

2-2. ���� � �	

_}�ö bæ� [î �®í _}$P ��;«�, �× �� _}

$. 	) É 
�� ÿÿ 0.6 cm É 50 cm�a�. ?� îï. ���

 >? 0.1 g( �f;«�, ��í ��>� n1 � \] 
q��

��í. ��P þ®� 5 ��x �� ��. Molecular sieve� .&

®*H �	, 5[ É ��h mass flow controller(Brooks 5850E)� �

ø( Q�;«�. _}$� �fH ��� 500 cc/min. 5[� ���

�ï�' 400oC, 80? s� 2#3��. 2#H ��. ��� #;�

�	����(150-500oC)�� �,;� s� |�
$!N ��( �

�í� �E3� rA ��H �¦ 5[P *@;«�. �	h ��(

200 cc/min
� ;C 10? s� ��3��. �� � ��
� �¦ �

	( *@;«�. 5[,_}h 5[. ��( 50 cc/min
� ;C

250oC�' 5�;«�. _}<
r º 	,5[� FIDP b�W GC

(HP 5890)� ?�;«� <
r. Q
( ��+
� FÏ;$ %&

mass spectrometer(Balzers, QMS 2000)P �� ��;«�.

3. �� 	 
�

3-1. 
�� 
�

Belgued ¤[11-13]� .& ¼5;�� def Ý���(6.3% Pt/SiO2,

EUROPT-1)� ��W 5% Pt/Al2O3 0.1 g( �f;� 250oC�' 200 cc/

min. �	( �AK �� 3 ôñ�� ��. Q
( �ø?�$�

GC� .& ?�W ½EP Fig. 1� i��a�. Fig. 1. 3³� ¶� �

	 �� �,�' â� ã� �� �ø?�$. !¦3³ ���EP

�e;� �ø?�$� .W C2H6 ��. �,� GC� .& þ®H

�� �,� @. ~æà( d 5 ��.  >?. ��3³ �' 5[

. 8<ø� �	 8<ø. 10ô ®�á( d 5 ��. ��  >?.

�	� Ý� Á��' 	[,�r( <
;� 5[P �ñà( .ØW

�. �� ~> 	[,�rh �� �� �� �?", _}E à� 5

[� _};C C2H6
� 12�� ôñH�.

4CH4+M�M-C4Hx+4(2-x/8)H2�M-C2Hy+C2H6+(5-y/2)H2

Belgued ¤[11]. EUROPT-1 ��. )¼ �	E ]� � 2?� �

i� 5[i C2H6. 8<� Z�� �[;i, 5% Pt/Al2O3��� 5[.

8<� 10?� �i�x ��  �W�. Ô 5[. 8< ��� M 1.3!

10−4 mol/min
� EUROPT-1� I& 10ô �ø V� �	. 8<���

9!10−6 mol/min
� EUROPT-1� I& M 9ô V�. ¶·' õ ��

�' ��H 5% Pt/Al2O3��� EUROPT-1â� " {h #. 	[,

�r( óà� 5 ��( 3�W�. ÔW �	. �� _} 3 5[.

8<� ��  �;� Ì
� âS � ��� �	( ?&;C \] 5

[P *Q;� _}� ��+
� ��Ó 5 ��.

�	E 250oC�' 10?³ _};C 0.1 g. 5% Pt/Al2O3��� <


H 	[,�r( �h ���' 50 cc/min. 5[� 5[,_}( f

�3$�' GC� .& ?�W ½EP Fig. 2� i��a�. Fig. 2�'

Fig. 1. The exit gas concentration profiles measured by mass spectrom-
eter and gas chromatography during methane adsorption over 5%
Pt/Al2O3 catalyst at 250oC with 200 cc/min methane flow rate.

Fig. 2. The exit gas concentration profiles measured by gas chromatog-
raphy during the hydrogenation reaction of adsorbed carbon-
aceous species over 5% Pt/Al2O3 catalyst at 250oC with 50 cc/min
hydrogen flow rate.
���� �40� �3� 2002� 6�
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â� ã� �� Ý�Á�� <
H 	[,�r. {h #� �3 �	


� 5[,�K ~>� �	E %�&
� 12'( d 5 ��. �ø

?�$� .W ?�� ¶�� C4, C5 É C6 ¤� �� 8<�i 8<ø

� `S' GC�� (ñ�� U)�. Fig. 2�' 700? s� 5[,��

8<H �	, �	 É %�&. #( y*%. �+E 1! �� ��

( ��;C �=;C =ñW ½E �	 884µmol, �	 864µmol É

%�& 69µmol�a�. ¶·' C2 �� <
r. È+�� 51.0%� �

��. 
èh ��W QÊ�' �AÚ� §�H �ÛÁÜ Ý���

(6.3% Pt, EUROPT-1)[12]. C2 �� 	,5[ È+� 7.1-8.9%� I&

,¤� V�. 1! 51%. C2 �� È+��' �	� ß�;� Iº�

93%�a�.

5[,_} �º 3³� ¶� _}<
r. ?óP -.â�, _} /

$ M 30?³  >?. �	� <
�� _�� �	 É %�&h 3³

� �i� /Ü;Ñ <
'( d 5 ��(Fig. 2). ¶·' 5[, _}3

³� +h )¼�� 0+H <
r� �	� {� óà��, <
r º

C2 ��. È+�� RÑ i�1�. ì, 5[,_} �/ 100?³ <


r º C2 ��. È+�� 19%� 700?³. 51%� I& 23 R�. C2

�� 	,5[ È+� É <
ø.  �P %& 5[, _}3³( 4

A� C2 �� 	,5[ <=
h  �;i )*
� J*� �( 5 �

� _}3³( 5�� <=
� �[; � �+. _}3³( Ë� Ì

� º:;�.

�	�� ��P �,;C 5% Pt/Al2O3��� <
H 	[,�r(

250oC�' 50 cc/min. 5[� 5[,_}( f�3$�' �ø?�$

É GC� .& ?�W ½EP Fig. 3� i��a�. 500oC�' �	(

��3� )¼, 5[,_} ���' �	 É �	. <
� @. �Â

��� U)�. �� 500oC. �	�� ��� �À VS' 6�� �

�7 Cγ�  >? î
�� Cγ. 5[, ��� 377oC ��� �

250oC. Rh ���'� 5[,� �8$ �J��[6-8]. 150oC�'

��3� )¼�� 5[,� .W �	 É �	. <
� �9 ®� �

Â��i, 250oC�' ��3� )¼â�� 8<ø� +�( d 5 �

�. �� 150oC. ����� �À RS' 	[,�r. <
� �?

;� U$ �J��. ¶·' �+. �	 ����� B�;K 5% Pt/

Al2O3��. )¼�� M 250oC >�á( d 5 ��.

Ý�. §�ø� 5[,_}� Øæ� ×¹( -.â$ %& 0.5% É

5% Ý�( dÂØi� §�W ��P ��;C �	�� É 5[,_

}( 5�W ½EP Fig. 4 É 5� ÿÿ i��a�. 0.5% Ý���.

)¼, _}$� �fH Ý�. � ø� 5% Pt/Al2O3��� óàH #

. 10%�� Ý�. Á�+ ÔW 29%� |E; �(Table 1), �	. �

�� .& ��� <
Ó 	[,�r. #� ÖÑ `( Ì�·� ��

� 5 ��. :Ø�7 Ìh Fig. 4�' â� ã� �� 0.5% Ý���.

)¼ �	 �� 3 �	. 8<ø� 5% Ý���� I& V)�. 16

W ã� �� �	 �� 3 �	. 8<h �� Á�� 	[,�r�

<
��' �?", ��, � �?",�r� >=rN 5[� _};

C ;��$ �J��. � �, �?",�r. C-C ½�� <���'

5[� _};� 5[,?&(hydrogenolysis) _}E �� Á�� ã�

<
H dimer(C� 27N ,�r). 5[,(hydrogenation) _} ¢²�

.& �	� 8<H�� � 5 ��. ÔW C-C ½�� =1� <�'

�	� �3 <
Ó 5� �
i, $!.  >?� �	� � <
�

� �	. (�� |�è;�. Ý� §�ø� R
� Ý� q". Ö$

� `S��(5% Pt/Al2O3��. 4.7 nm� I& 0.5% Pt/Al2O3��.

1.6 nm, Table 1>Q) 5[,?& _}
� VS�', �	 �� 3 ��

Á�� <
H 	[,�r� s3� <
�� 5[�. _}� .& �

	 ¤
� ��ø� *@� � �?W #. 	[,�r� tu�� 5

?�. �� Ý��� ��'. 5[,?& _}� ��. �Q� @�W

_}(structure sensitive)á( 3�;� Ì��. ~_+
� 5[,?&_}

h �Q@� _}�� 5[,_}h �QI@�(structure insensitive) _}


� de� ��[15].

Fig. 5. 5[,_} ½E�>O 0.5% Ý���� �7!N Ý�. #

� � +
� >A;K, Vh 5[,?& �
 �J� �	 �� 3 �

Fig. 3. The effect of methane adsorption temperatures on the exit gas con-
centrations measured by mass spectrometer during the hydrogena-
tion reaction of adsorbed carbonaceous species over 5% Pt/Al2O3

at 250oC with 50 cc/min hydrogen flow rate(adsorption temper-
ature of 500oC: �, 250oC: �, 150oC: �).

Fig. 4. The effect of platinum loading of the supported catalyst on ethane
evolution during the methane adsorption over Pt/Al2O3 at 250oC
with 200 cc/min methane flow rate.
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002
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-

	
� 	[,�r� ��ø *@�� ��Á�� 0+H 	[,�r

� >AW £( B�;Ñ d 5 ��. �	. 8<øh 0.5% É 5% Ý

��� )¼ ¢² 13³� CD @. �Ñ i�1�. WE 0.5% Ý�

��. )¼ �	. 8<øh 5% Ý���� I& M 1/4 5Ü��. �

�. 5[,?& �
� å )¼ 	[,�r. C-C ½�� <���'

5[� _};C  >? �	
� 12�� ~>?t 	[5� {h �

	 %�& ¤
� 12H�. 0.5% Ý���. )¼ 	[,�r. #�

� +
� +��� |�;� 5[,?& èY� ¨' 0+H 	[,

�r  >?( �	
� 123�� [ø. 	[,�r� �	 É %

�&
� 12H�. �zW :N� .& �	 É %�&. <
øh 5%

Ý���� I& ÖÑ 5�F� Ì
� ­®H�. W�� ä�W £h

%�&. <
� �	. <
� [fW �� 3`�a�� Ì��. �

� q" Ö$� `h Ý���. 5[,?& èY� q" Ö$� å �

�� I& G�H( 3�;� Ô ��  @��. ì 5[,?& ;C *

@;$ I7 �	( ¼È+
� <
W�� Ì��. 220? s� 5[,

;C 8<H �	h 872µmol, �	 85µmol É %�& 1.7µmol�a

�. ¶·' C2 ��. È+�� 13%� � ��. 
èh EUROPT-1[12].
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