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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 af@,atm, 750
and CH: O,=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 aisélettivities 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 reactadys2TCH the
changes in the moles of the reactants and products were determined with time;T&Hol €periment was carried out. From
the results, it is deduced that the reaction takes place by a two-step reaction - first, total oxidation of methaardd4CO
takes place, and then the produced,@@d HO are further reacted with GHo give synthesis gas.
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@ Steam Reforming: CHH,0=CO+3H, AH=+206 kJ/mol
@ CO, Reforming: CH+CO,=2C0O+2H, AH=+247 kJ/mol
@ Partial Oxidation: Ch#40,=CO+2H,, AH=-36 kJ/mol
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Fig. 1. Methane conversion with different supports (CH:0,=2:1,

750°C).
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Fig. 2. H, selectivity with different supports (CH,: 0,=2:1, 750°C).
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Fig. 3. CO selectivity with different supports (CH,: 0,=2: 1, 750°C).
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Table 1. Surface areas of various supported Ni catalysts

Catalyst Surface area ffg]
13wt% Ni/MgO 40.54
13wt% Ni/BaO 0.58
13wt% Ni/CaO 1.74
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Fig. 4. O,-TPD curves: (a) 13wit% NiMgO, (b) 13wt% Ni/BaO, (c) 13wt%
Ni/CaO.
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Fig. 5. Methane conversion with different Ni loadings (CH: 0,=2:1,
750°C).
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Fig. 6. H, selectivity with different Ni loadings (CH,: O,=2: 1, 750°C).
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Fig. 7. CO selectivity with different Ni loadings (CH,: O,=2: 1, 750°C).
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Fig. 8. Methane and oxygen conversions for 3 wt% Ni/MgO catalyst;
(CH,:0,=2:1, 750°C).

100
80 °®
=
— 60
2
=
S
Qo
& 4ot
o B
20t s O
0 . L 5 1 I
0 30 60 90 120 150 180
Time [hr]
Fig. 9. H, and CO selectivities for 13 wt% Ni/MgO catalyst (CH: O,=
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Fig. 10. H/CO molar ratio for 13wt% Ni/MgO catalyst (CH,:0,=2:1,
750°C).
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Fig. 11. XRD pattern of 13 wt% Ni/MgO.
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Fig. 12. Changes in moles of reactants and products as a function of re
tion time for 13 wt% Ni/MgO catalyst (CH,: O,=2: 1, 750°C).
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Table 2. The temperatures{C) of the catalyst bed at top and bottom
with pulses of reactants

Injection No. Top Bottom
1 753 744
2 753 744
3 753 744
4 753 744
5 753 744
6 753 744
7 753 744
8 753 744
9 753 744

10 753 744

(13 wt% Ni/MgO; CH;, : O,=2 : 1, volume of one pulse = 9.12 mL; 769
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