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Attention has recently been called to the methane-oxygen reaction as a
source of hydrogen-carbon monoxide mixtures. Patart obtained a suit-
able mixture for the catalytic synthesis of methanol by incomplete eom-
bustion of methane. The methane, mixed with half its volume of oxygen
was injected into coke maintained at 1000°. Brownlee and Uhlinger® em-
ployed a method of obtaining carbon monoxide, hydrogen and nitrogen
from the products of combustion of internal combustion engines. This
method of incomplete combustion of methane was proposed in many patents,
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often combined with the process using the reaction between methane and
steam, but few information has been made on the scientific works
with regard to the oxidation of methane to carbon monoxide and
hydrogen.

The present work was undertaken to investigate the reaction at atmos-
pheric pressure with the view of obtaining the efficient catalysts to acceler-
ate the reaction or to cause it to take place at lower temperatures. The
experiments were carried out by a flow method at 800—1000°, with and
without catalysts, using methaner-air and methane-oxygen mixtures. It
was found that nickel and cobalt were efficient catalysts and their activity
was promoted by the addition of various oxides. The most efficient "cat-
alysts of those studied were nickel-thoria and nickel-silica. In the presence
of those catalysts, the reaction proceeds at 850—900° almost quantitatively
as shown in the following equation

2CH; +0.=2C0O +4H-

Without a catalyst, the analysis of the effluent gas reveals that the greater
part of methane was unchanged at 1000°.

Experimental.

Methane was obtained from a eylinder of natural gas from the Kashiwa-
zaki Province and gas mixtures containing 2 volumes of methane and 5
volumes of air, and 2 volumes of methane and 1 volume of oxygen, were
used. The oxygen was obtained from cylinder of that gas. The gases
were allowed to pass at the rate of 157, per hour over a catalyst which was
placed centrally in the porcelain reaction tube in the gas furnace. The
temperature was measured by means of a platinum and platinum-rhodium
thermo-couple. The off gas was collected and analyzed. Analysis was
carried out with an usual method, and hydrogen and methane were deter-
mined by oxidation with copper oxide at 300° and 550° respectively. Con-
fining fluid was water.

In the experiments 3—5 gr. of oxides were carried on 5gr. of small
grains of pumice which gave a layer of a catalyst of 14 em., when packed
into a reaction tube. The temperature was raised to 800—1000° and gases
were allowed to pass over the catalyst. During the reaction, easily redu-
cible oxides in catalysts were reduced and converted to metals. In the case
of nickel catalyst, experiments were carried on also with the catalyst which

(1) Brit. Pat., 247,176.
2 U.S. Pat., 1,107,581.
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was reduced at 400° with hydrogen before the commencement of the reac-
tion. The catalyste were prepared by the following methods :—

Nickel oxide—Ignition of nickel nitrate.
Cobalt oxide—Ignition of cobalt nitrate.
Iron oxide—Ignition of iron oxalate.

The mixed catalysts were prepared by the ignition of nickel or cobalt
nitrate with nitrates of other metals. (in the case of mangan and magne-
sium the formates were used.) Nickel-silica and cobalt-silica catalysts were
prepared by the ignition of the nitrates with anhydrous silicic acid.

The results obtained are given in Tables 1, 2 and 3. As may be seen
from Table 1, when the mixture of methane and air is used, without a
catalyst, hydrogen appears at 800° only in 4% in efluent gas and at 1000°
in 129. The use of nickel and cobalt catalysts greatly accelerates the reac-
tion and lowers the reaction temperatures. Iron catalyst is not suitable
because it favours the production of carbon dioxide. It is clear from the

Table 1.

Methane-air mixture, rate of flow 15 /. per hr. with catalysts,
30 I. per hr. without a catalyst.

i . . | Heawy | i" |
Catalysts '[\Orlggl;.l: 1——002 '|—-—"}’l‘¥db°r?’-" -l (-)2— €0 | Hg Ot N
JTemp. 0| o0 |143 0| 0| 286 | 501
| so0e 1.1 1.1 1.4 9.1 i. 42 | 19.0 | 64.2
Without catalysts 900° 7 9 0 10.7 | 81 16.2 63.2
1000° 9 1.1 0 | 10.8 | 124 | 142 | 60.6
Ni 900° 4.1 0 3| 105 | 207 | 186 | 508
(reduced at 400°) 1000° 2.4 0 0 | 144 | 307 8. 4.4
Ni 900° | 24 | o 3 | 143 | 331 | 69 | 430
10000 | 9| 0 8 | 187 | 389 24 | 383 |
- — _._l I
f_ o 900° | 30 | 0 | 1| 168 | 362 | 49 | 390
0000 | 5 0 185 | 384 3.1 | 395
e L — . I i
Fe 900° 81 | .3 .5 2.2 2.2 23.3 63.4
1000° 66 | .1 5 5.0 | 11.0 | 18.4 | 58.4
| i |
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Table 2.

Methane-air mixture, rate of flow 15 {. per hr.

. H

\Original CO, | bd> | 0, | cO | Hy | CH, | N,

Catalysts gas carions i
Temp. 0 0 | 143 0 0 | 286 | 571
Ni—ZnO 900° | 1.9 0 0| 173 | 292 | 23 | s03
0.1% 10000 | 2.6 0 0| 156 | 382 | 39 | 397
Ni—BeO 900° | 2.6 0 0 | 159 | 856 | 32 | 427
0.1 10000 | 1.1 0 0 | 182 | 409 | 20 | 878
Ni—MnO 900° | 1.7 0 0| 179 | 381 | 24 | 9.9
0.1 16000 | 1.0 0 0| 179 | 385 | 29 | 307
Ni—Cr;0, 900° | 0.8 0 0| 193 | 819 | 15 | 405
0205 1000° | 0.4 0 0| 195 | 306 | 13 | 392
Ni—Al,0, 900° | 1.3 o | 01| 186 | 380 | 1.3 | 407
0.2 000° | 0.3 0 0 | 192 | 404 | 18 | 383
Ni—MgO 900° | 2.4 g 0 | 182 | 37.4 | 12 | 408
0.1 1000° | 05 0 | 193 | 410 | 1.4 | 317
Ni—CeO, 900° | 1.0 0 | o2 | 188 | 383 | 1.4 | 403
0.1 1000° | 09 o | 01 | 188 | 413 | 12 | 87
Ni—ThO; 9c0° | 02 | 0 | 02 | 191 | 381 | 21 | 403
0.1 1000° 0 0 | o2 | 194 | 405 | 16 | 383
Ni—ThO, 850° | 0.3 o | o] 191 390 | 14 | 392
0.1 900° 0 0 [ o1 | 195 | 39 | 13 | 392
Ni—Si0, g50° | 22 0 | 04 | 166 | 360 | 16 & 431
0.01 800> | 0.4 o | 0| 190 | 395 | 14 | 397
Ni-Si0, 850° | 0.5 0 | o1 | 191 | 388 | 1.3 | 402
0.05 900° | 0.1 0 | 02 | 193 | 394 | 14 | 396
Ni—Si0, 850° | 06 | 0 0| 191 | 389 | =23 | 394
0.1 900° | 0.3 0 | 05 | 196 | 393 | 21 | 392
Ni-Si0, |  850° | 1. 0 o | 188 | 89.0 | 1.8 | 881
0.2 900° | 0.4 o | o2 | 192 | 22 | 17 | 383
Ni—SiO, 8500 | 1.1 0 0 | 184 | 404 | 13 | 389
1.0 | 9000 | 02 0o | 03| 191 | 403 | 114 | 387
Co—ThO, |  850° | 2.4 0 | 01 | 174 | 401 | 12 | 388
01" | 900 | 30 0 0 | 166 | 426 | 15 | 363
Co—SiO; 850° | 1.1 o | o | e | mo | 25 | ws
0.1 900° | 08 0 | 05 | 191 | 881 16 | 599

* The figure indicates gram molecule of the oxide added to 1 gram atom
of Ni or Co.
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Table 2.—(Concluded)

Heavy

Originalj CO, | mare. | 0, | CO | H, | CH | N,

Catalysts gas |—carbons {
Temp. 0 0 | 143 0 Q 28.6 57.1
Ni—ThO,—CeO, 900° 0.9 0 0! 192 | 400 1.0 | 889
0.1 0.1 1000° 0.5 0 0| 195 | 418 1.0 | 372
Ni—ThO,—CeO, 900° | 0.6 0o | 01 | 195 | 301 | 1.3 | 394
0.1 0.01 1000° 0.2 0 02 | 198 | 402 1.2 | 384
Ni—ThO;—Al;O, 900° 1.8 0 0 | 179 | 889 1.2 | 402
01 01 1000° 0.7 0 0 | 198 | 402 1.0 { 388
Ni—Si0;~ThO, 8500 0.2 0 0.2 | 18.3 | 389 2.7 | 39.7
0.1 0.02 500° 0.2 : 0 0.1 19.6 40.2 0.9 39.0
Ni—Si0,—MgO |  850° 03 | 0 | 11 | 195 | 365 28 | 398
01" 002 |  900° 0 0 | 02 | 195 | 383 1.4 | 40.6

Table 3.

Methane-oxygen mixture, rate of flow 15 . per hr.
wde [ 0, | CO | H, | CH, | N

Catalysts carbons .
0.4 | 30.8 0 0 | 616 | 7.2
850° | 0.8 0o | 01| 292 l 62.7 2 28 | 49
900° 0 0 04 | 290 | 640 | 23 4.3

. Original f ]
Ni—ThO, gas| 0| 04 [826 | 0 0| 612 | 69
0.1 Temp. |

850° 0.7 0 0.1 | 808 | 59.3 3.5 5.1
900° 0.4 0 0| 3.6 | 61.4 3.1 45

results in Table 2 the addition of other oxides increases the catalytic activity
of nickel and cobalt. The most efficient catalysts are nickel-thoria and
nickel-silica. As shown in Table. 8, when the mixture of methane and
oxygen is used, the similar results are obtained with nickel-thoria cata'yst.
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