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MFZER I OBEEE (J£3C) : Partial oxidation of methane to give hydrogen or synthesis gas is a superior
route in view of an energy saving process. However, pure oxygen is required as an oxidant and this
limits the process to a large scale production on account of a costly oxygen plant. The objective of this
research is to overcome such drawbacks, and we employed lattice oxygen of metal oxides as soul
oxygen sources. Using nickel oxide or iron oxide combined with chromium oxide and magnesium oxide,
we could obtain synthesis gas with a high methane conversion and a high selectivity. After the reaction
of mixed oxides with methane, oxidation state of nickel or iron decreased to lower valence oxides.
Reduced oxides could be oxidized to their original state by oxidation with air. The reaction of methane
and oxides and oxidation of reduced oxides with air could successfully be repeated. Thus, we could
obtain synthesis gas continuously free from nitrogen.
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Table 1 Activities of Ni-loaded catalysts for partail oxidation of methane

L Selectivity(%
Entry Catalyst CH, Conv electivity(%)  Carbon
(%) H, CO CO, (mmol)
1 NiO(16)/MgO 777 976 301 52 104

2 NiO(16)-Cr,03(4)/MgO  97.6 70.7 434 36.7 0.40

3 NiO(16)-Cr,03(4)-Mg0  92.7 746 644 247 019
Catalyst: 0.5 g, Reaction temperature: 700 °C, Reaction time: 10min, Ar / CH,
or O, =20/5 (mL/min), Mole ratio; Ni:Cr : Mg =16:4:25
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Table 2 Effect of additions to NiO-MgO catalyst on the partial oxidation of methane

HOTAOKE AT A v TEESITE ey Additve — M) Selectivity(%) Crabon
B & HWNTHON LT-, AlloZE® L XRD, XPS CH, lLaiceO H, CO _ CO, (mmo) °
73: E 0)1‘%’%%%57%}?@1 J: D ﬁﬁﬁ l_/\ ﬁﬂaﬁ;‘;@%i@ﬂ: 4  ALO; 755 277 98.2 47.0 2.0 0.87 35
= JE 5 CaO 83.5 29.1 96.6 375 3.8 112 4.1
X i=ta i YN 6 Cr,0, 927 915 746 644 247 019 24
4. WFFERE 7 FeO, 552 687 568 343 415 028 29
4-1. = J D E 8 Co0, 74.4 19.6 98.0 28.1 3.0 1.14 5.8
%ﬂﬁ _,ﬁ/ b. ﬁiﬁ N %ﬁ—f N 9  Nd,0s 78.2 42.7 94.9 46.5 51 0.88 35
4-11 ﬂzﬁﬁ&'ﬂﬁ% D 7( & hd a\— J: 5 J&E‘f@t@@ 10 None 82.2 27.9 95.5 34.0 6.2 1.10 5.5
?_TJ‘ Catalyst: 0.5 g, Reaction temperature: 700 °C, Reaction time: 10min, Ar/CH ,or O, =

20/5 (mL/min), Mole ratio; Ni: additive :Mg =16:4:25
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Fig. 1 Effect of reaction time for NiO(32)-Cr,04(8)-MgO catalyst
on the partial oxidation of methane. Catalyst: 0.5 g, Reaction
temperature: 700 °C, Re-oxidation temperature : 700 °C,
Reaction time = Re-oxidation time, Ar/CH, or 0,=20/5
(mL/min),
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Fig. 3 XRD patterns of NiO-Cr,0,-MgO catalyst.
a) Fresh, b) After CH, flow 10 min at 700 °C,
c¢) Catalyst after the 10th re-oxidation

4-1.5. SULHITE O fifiiiE o> IR R

NiO-Cr,03-MgO filifDFEREZ XRD (2 XD
SYHT LT L7k % Fig. 312759, Fresh fififi
TIE NiMgO, & # & NiCr,04 F 7215

—

E 05 CH, 0, CH, 0, CH, o,
2 o4 H ™

£

& 03 |

o co

c

g 02 |

© y

E H,0 ! M

L 01 r co

S CH,

=} / -

< 0 —

= 0 10 20 30

Time / min

Fig. 2 Change in products formation rates over NiO(32)-Cr,04(8)/MgO. Catalyst: 0.5 g, Reaction temp: 700 °C,
Reaction time: 8 min, Reoxidation temp: 700 °C, Reoxidation time: 8 min Ar/CH, or O, = 20/5 (mL/min),
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Table 3 Reaction and reoxidation cycles of various catalysts
Lattice O Conv.(%) Selectivity(%) carbon
(mmol) CH, LatticeO H, CO CO, mmol
11 Fe,03 9.39 27.1 12.4 91 150 820 0.01
12 Cr,04 9.87 22.7 1.76 987 354 07 070
13 Fe,04-Cr,04 4.60 640 305 784 375 206 051
14 Fe,05-NiO 4.60 69.5 1113 63 104 875 0.03

15 Fe,05-Coz0, 4.60 371 54.7 6.5 96 877 0.02
16  Fe,04-MgO- 4.25 741 38.6 875 636 150 0.29

Entry  Catalyst

17 Fe,0,-CaO- 412 421 524 357 259 680 005
18 Fe,04-SrO- 379 312 399 252 247 472 0.8
Fe,05-Rh,0;-

Y,0, 5.35 75.0 62.1 610 580 37.0 0.08

Catalyst 0.5 g, Reaction temperature:800 °C, Reaction time:10 min,
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Fig. 1 Change in products formation rates over Fe,05(12)-MgO(4)-Cr,04
Reaction and reoxidation temperature:800 °C, Reaction and reoxidation time:10 min

Ar/CH, or 0,=20/5
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