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Abstract − Synthesis gas production by the partial oxidation of methane has been investigated using BaO, CaO and MgO

supported Ni catalysts. The catalysts were prepared by the impregnation method. The reaction was carried out at 1 atm, 750oC,

and CH4: O2=2 : 1. The highest catalytic activity was obtained with MgO support when Ni loading was 13 wt%. With the 13 wt%

Ni/MgO catalyst, methane conversion was 80%, and CO and H2 selectivities were 93% and 94%, respectively. The activity of

the catalyst remained nearly constant after 180 h of the reaction. To investigate the reaction mechanism of this reaction, the

temperature of the catalyst bed at top and bottom of the bed were measured with pulses of the reactants (CH4 : O2=2:1); the

changes in the moles of the reactants and products were determined with time; and O2-TPD experiment was carried out. From
the results, it is deduced that the reaction takes place by a two-step reaction - first, total oxidation of methane to CO2 and H2O

takes place, and then the produced CO2 and H2O are further reacted with CH4 to give synthesis gas.
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m Steam Reforming: CH4+H2O=CO+3H2, nH=+206 kJ/mol

o CO2 Reforming: CH4+CO2=2CO+2H2, nH=+247 kJ/mol

p Partial Oxidation: CH4+qO2=CO+2H2, nH=−36 kJ/mol
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� �� 3��  &�) * �(. ��� Ni� Co"�, ��� ���

�u(Pd, Ir, Rh, Ru, Pt)"K, ��� perovskite �u(GdCoO3, LaNiO3)
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2-1. ����

�� RS� E#T hY0 Ni(NO3)2«6H2O(Junsei, 97%), BaO(Kanto

Chem. Co., 98%), CaO(Junsei, 98%), MgO(Duksan, 98%) "¬(. �

�� ­®¯J  RS'¨(. RST ��� 120oC  �u'�! 5a

N�h°(. "± ²SA�! 120oC�! 24 h³ ´µ 5a ��� N
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0.8986 mL)1 �Ø'+ ÙÚÛ '¨(. ^Ü PQ� GHSV=5.4×104

cm3g−1h−1"¬(. Ý< O2-TPD� Þßa 26 mL/min� ��J  ·|

eK 200oC�! 1h³´µ �à�< ± 50oC�! W]1 30 mL/min

� ��J  ·|eK 1h³´µ táh°(. tá ± 25oC�� Þß

a 1h³´µ ·|e¬(. 10oC/min  900oC�� â¾hã�! äá
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3-1. 	
� �
 ��

£�� _¥ xy �=å� H2 ¡ CO ¹æ[1 Fig. 1-3� {çè¬

(. Fig. 1�! é * �ê" BaO1 £�  E#'¨a ë Y 23%�

xy �=åa ìa * �¬� CaO1 £�  E#'¨a ë Y 63%�

xy �=åa ìa * �¬(. "� P'+ MgO1 £�  E#'¨

a ë xy �=å" Y 81%  �� í0 Ø�1 ìa * �¬(. £

�� _¥ H2, CO ¹æ[� Fig. 2-3� {çè¬(. Fig. 2�! é *

�ê" H2 ¹æ[� MgO1 £�  E#'¨a ë Y 94%, CaO1 £

�  E#'¨a ë Y 83%1 ¸¸ ìa * �¬JK, BaO1 £� 

Fig. 1. Methane conversion with different supports (CH4 : O2=2 : 1,
750oC).

Fig. 2. H2 selectivity with different supports (CH4 : O2=2 : 1, 750oC). 

Fig. 3. CO selectivity with different supports (CH4 : O2=2 : 1, 750oC). 
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�� _¥ CO ¹æ[� Fig. 3�! é * �ê", MgO £��!� Y

93%, CaO £��!� Y 78%, BaO £��! Y 30%� CO ¹æ[1

¸¸ ìa * �¬(. È Ø�/a óF� é ë MgO1 £�  E#'¨

a ë �� í0 Ø�1 ìa * �¬(. "� Table 1�! é * �ê"

MgO £�� BaO� CaO £�� X�! ô�< õ�sa {çè¬�, Ý

< Fig. 4� O2-TPD Ø��! MgO� (¥ £�/ 2( ö0 ¾[�!

W]1 äá­a ð * �¬(. ",< C�J  �'+ MgO1 £� 

E#'¨a ë �� í0 Ø�1 ìa * �¬÷ ñJ  ò@T(.

3-2. �� 	��� �
 ��

øù £�¤� _¥ xy �=åa Fig. 5� {çè¬(. xy �=å

0 10 wt%� øùa £� h°a ë Y 53%, 13 wt%1 £� h°a

ë Y 81%, 15 wt%1 £� h°a ë Y 70%� �=åa {çè¬(.

øù £�¤� _¥ H2 ¹æ[1 Fig. 6� {çè¬(. øù £�¤ 10

wt%�!� Y 72%, 13 wt%�!� Y 94%, 15 wt%�!� Y 87%�

H2 ¹æ[1 ¸¸ ìa * �¬(. øù £�¤� _¥ CO ¹æ[�

Fig. 7� {çè¬(. øùa 10 wt% £�'¨a ë Y 80%, 13 wt% £

�'¨a ë Y 93%, 15 wt% £�'¨a ë Y 85%� CO ¹æ[1

¸¸ ìa * �¬(. øù £�¤� _¥ xy �=å� H2 ¡ CO ¹

æ[ Ø�1 óF� 2�, 13 wt%� øùa MgO� £�'¨a ë �

� í0 Ø�1 ì0 ñJ  2ú ûs� øù £�¤" �� ñJ 

V¸	K B S²�!� 13 wt% üa ð * �¬(.

3-3. ����� �
 ����

�� í0 ¦Ga 2+ý 13 wt% Ni/MgO ��1 æ'+ PQh³�

_¥ ��� ¦G þ=1 SE� 2ÿJK, H Ø�1 Fig. 8-10� {ç

è¬(. Fig. 8a 2� xy �=å" Y 160 h³�� µ@sJ  ��

Table 1. Surface areas of various supported Ni catalysts

Catalyst Surface area [m2/g]

13wt% Ni/MgO 40.54
13wt% Ni/BaO 0.58
13wt% Ni/CaO 1.74

Fig. 4. O2-TPD curves: (a) 13 wt% Ni/MgO, (b) 13 wt% Ni/BaO, (c) 13wt%
Ni/CaO.

Fig. 5. Methane conversion with different Ni loadings (CH4: O2=2 : 1,
750oC).

Fig. 6. H2 selectivity with different Ni loadings (CH4 : O2=2 : 1, 750oC). 

Fig. 7. CO selectivity with different Ni loadings (CH4 : O2=2 : 1, 750oC). 
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	� �ïa ð * �JK, W]� Ç� ]^T ña ð * �(. Fig. 91

2� H2 ¡ CO ¹æ[ ^� PQh³ Y 160 h³�� c@'� ��

�a ð * �(. Fig. 10�! é * �ê" H2 : CO� vX� Y 2.2 

w "�s� ;�X� ��'� �� ña ð * �(. Tang �[20]�

Ruckenstein� Hu[21]� ��� "ks� solid solutiona ÀG­J 

w ¦G� þ= �" µ@sJ  ��T(� 2�'¨(. Fig. 11� XRD

&� Ø�, B ��� E#T 13 wt% Ni/MgO ��� MgNiO2(2θ=43o,

62.5o, 37o, 78.9o, 74.8o)� solid solutiona ÀG­J w �� ¦G"

µ@sJ  ��	�� A+< ñJ  	�T(.

3-4. �� ��

LM��[ ��� �k" 	� �� PQ A-1 SE� 2A È'

+ ��� O2-TPD 
Ga ¼�'¨�, PQ5� xy� W]1 ��

8
J  eÌ'K �� k«'½� ¾[ þ=1 ¼�'¨JK, PQ

5� VG5� v* þ=1 PQh³� _  ̀¼�'¨(. ��� O2-TPD

Fig. 8. Methane and oxygen conversions for 3 wt% Ni/MgO catalyst;
(CH4 : O2=2 : 1, 750oC).

Fig. 9. H2 and CO selectivities for 13 wt% Ni/MgO catalyst (CH4 : O2=
2 : 1, 750oC).

Fig. 10. H2/CO molar ratio for 13 wt% Ni/MgO catalyst (CH 4 : O2=2 : 1,
750oC).

Fig. 11. XRD pattern of 13 wt% Ni/MgO.

Fig. 12. Changes in moles of reactants and products as a function of reac
tion time for 13 wt% Ni/MgO catalyst (CH4 : O2=2 : 1, 750oC).
HWAHAK KONGHAK Vol. 41, No. 1, February, 2003



24 ������������ !"�#�$�%&'

 of

ng

,

is-

s,”

Syn-

ane

n

e,

ed

 S.,

 II.

and

tic

bus-

 of

c-

en-
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þ=� Fig. 12� {çè¬(. Ý< �� k«'½� ¾[ þ=� Table 2

� {çè¬(. Fig. 4� O2-TPD 
Ga ��2� �� ¦G" �� í

0 13 wt% Ni/MgO ��� îI Y 350oC� 420oC�! W]� äá

	� �JK 13 wt% Ni/BaO� îI� Y 650oC�! W]� äá	�


Ga 2+e� �(. Ý< 13 wt% Ni/CaO� îI� Y 500oC� Y

700oC�! W]� äá	� �ïa é * �(. 40 ¾[�! äá	

� W]� d&W=� A+'K, ö0 ¾[�! äá	� W]� ��

W=� A+<(� cPsJ  ð|� �([22]. 13 wt% Ni/MgO ��

� îI (¥ ��� X'+ ö0 ¾[�! äá'� W]� ;" \J

K, " W]� �)0 ��W=� A+< ñJ  ò@) * �(. 13 wt%

Ni/BaO� 13 wt% Ni/CaO ��� 13 wt% Ni/MgO 2( cPsJ  4

0 ¾[�! W]1 äá'¨(. Fig. 121 ��2� CO2� H2O� v

*� �]­� _` H2� CO� v*� N�'K, CO2� H2O� v*

� c@'� ��� ë H2� CO� v* Ý< c@'� ���a ð *

�(. _`! H2� CO� VG� CO2� H2O� ��< ¼�� �ïa

ð * �(.

PQ� _¥ ��½� ¾[ þ=1 ��2A È'+, PQ5a pulse

8
J  10� eÌ'K �� k«'½� ¾[ þ=1 ¼�'¨�, H

Ø�1 Table 2� {çè¬(. H Ø� 10� ^� �� k½d� ¾[

� 750oC�! 753oC  kâ'¨�, �� '½d� ¾[� 750oC�!

744oC  �]'¨(. "� �� k½d�!� �uPQ� ��W= P

Q" c
�J w ¾[� kâ'¨�, �� '½d�!� tuPQ�

O6PQ" c
�J w ¾[� �]T ñJ  ò@T(.

"k� O2-TPD, PQ5� VG5� v* þ=, �� k«'½� ¾

[ þ= Ø�/a óF� é ë, xy� ��W=PQ� �� CO2�

H2O� VG	�, " VGT CO2� H2O� ¢PQ xy� O6PQa

cJÊ FG��� VG	� 2��PQ� ��! xyJ d� FG�

�� VG	� ñJ  ò@) * �¬(.

4. � �

xy� d&W=PQ� �'+ FG��1 RS< Ø� úÒ� �0

Ø�a ì¬(. 

(1) 13 wt% Ni/MgO ��� �� í0 ¦Ga 2¨JK, xy �=å

0 81%, H2 ¡ CO ¹æ[� ¸¸ 94% ¡ 93% "¬(. £� Æ MgO

1 E#'¨a ë �� í0 xy �=å, H2 ¡ CO ¹æ[1 ìa *

�¬(. "� MgO £�� ö0 ¾[�! äá'� W]1 \" tá'

K, (¥ £�� X�! � Xõ�sa {çèA ë�� ñJ  ò@T(.

(2) PQ5� VG5� v* þ=1 ��B Ø� FG��� VG�

CO2� H2O� ��< »�a ¢$� ñJ  	�	K, Ý pulse ��Ø

� �� k«'½�! � ó�� PQ, � k½d�! �u PQ� '

½d�! tuPQ" c
{� ña ¼�) * �¬(. Ý< O2-TPD

Ø� d� 13 wt% Ni/MgO ��� ��W=� A+'� W]1 � \

" tá'� ña ð * �¬(. " Ø�/ d�, B PQ� PQA-

� 2��PQ� ñJ  ò@T(.

(3) XRD &� Ø� 13 wt% Ni/MgO ��� MgNiO2 k�  rM­

a ð * �¬(. "� ��� "ks� solid solutiona ÀG'+ ��

� ¦G" 160h³ "k µ@sJ  ��T ñJ  V¸T(.
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