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1st Report
The Thermal Reaction Between Methane and Steam.
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Table I

Composition' of produced gas

C.H., co H,

34 14 9.2
1.9 5.8 232
0.4 8.7 32.2
16 8.5 61.3

11 115 69.6

Table II

Composition of produced gas

Co H.
14 76.4
3.0 77.6

REACTION BETWEEN METHANE AND STEAM.

Toyoziro OGURA and Tosio HUZIMURA

‘We have made numerous experiments on the reaction between methane
and steam at comparatively low temperatures. The results of the experiments
are summarized as follows :

1) Catalyser proves effective to promote this reaction, if comparison is
made between Table I and Table II.

Without catalyser.
Velocity of gas flow, 5 It./hr.
H:O/CH,=2

Degree of decomposition
of methane

CH, (%) f
83.2 35 '
635 106

56.6 159

29.1 3838

12.4 57.1

With catalyser.
Velocity of gas flow, 5 It/hr,
H:O/CH,=10

Degree of decomposition

of methane
CH, % )
3.3 85.4
0.7 96.4
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iy Degree of decomposition
‘Temperature Composition of produced gas of Mathing
°C CO, Co H; CH, (%)
700 18.2 3.2 77.1 0.5 97.7
800 17.2 4.4 76.1 0.5 97.7
900 16.8 5.4 77.3 0.4 98.2
1.000 16.0 5.0 78.2 0.6 97.2
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results have been obtained. The particle of 3-4 m.m. in dimension are used
and the contact time ranged from 25 to 30 sec.

8) The activity of the catalyser depends on the temperatures of ignition
and reduction. The lower those temperatures are, the better the result will be.

2) The degree of decomposition of methane and the volume of CO,
produced increase with the increase of the amount of steam, but this tendency
is less influential when the amount of steam exceeds 7 times of that of

Table IV

With catalyser
Velocity of gas flow 5 It/hr

methane, HO/CH,=10
o Berton ‘bemptratare TemBetatiTe  Composian of roduced gas DeSTee of decompositon
rabie il “C ‘c o O CoL: B CH, %
With catalyser.
Velocity of gas flow. 5 It./hr. 400 300 400 168 09 619 204 45.1
Bercsiiin e 600 190 34 771 05 978
H:0/CH; Composition of produced gas Degree ;’tf gﬁ?‘?ﬁ:smon = 5 ] : : i i
B co o CH (5) " h 800 163 55 782 0.2 99.3
2 2 4 74
1 . A i X ,
175 198 10 79.1 00 1000 " " Rt e 80000 1009
105 19.2 18 78.9 0.0 100.0 600 300 400 151 10 585 252 389
7.5 18.5 3.2 77.8 0.5 96.5 " o 600 187 28 779 0.5 97.7
6.1 17.2 5.0 76.9 0.9 96.1 » » 800 1710 254771 0.5 97.8
325 16.6 5.5 75.7 2.2 91.0 = o 1000 155 63 782 0.0 100.0
(2)-2 lz'g :'g ‘:ﬁ-g E: Ei'i 800 400 400 57 08 236 699 85
Z ; : : : i = = 600 174 17 696 111 63.1
r;) Add:tnonbof ahhttle an;!om:tf of fall:xh to :he catalyser has no influence : B 800 169 46 778 05 95.7
on the activity, but shortens the life of the catalyser. ;
! i S : 1000 14.0 8. 771 0. 97.
i 4) The activity of the catalyser can be increased by adding an adequate ! L 2 2 A
| amount of alumina, magnesia etc. In our experiments when the mol ratio 1000 700 700 163 25 683 127 59.7
of Nickel to Alumina was 1:0.025, the best result has been obtained. " » 800 16.0 54 768 14 93.8
5) The adequate ratio of the amount of the carrier to that of the - A 900 156 55 78,0 0.5 97.6
catalyser is 10:1 " " 1000 147 64 782 0.5 97.7
6) The activity and the life of the catalyser are greatly influenced by
the properties of the carrier and, in our experiments, Kaolin proved the best. 9) After a long investigation of the life of various catalysers, we have

7) The smaller the size of the particle of the catalyser was, the better

chosen the Ni-AlO;-Kaolin as the best.
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Table V
' Temperature, 600°C
HyO/CH,=10
{ Velocity of gas flow. 5 It./hr.
Time Composition of produced gas Dexee of decompasition
hr, CO, (60) H, CH, (%)
10 19.1 1.8 789 02 . 99.0
30 19.1 2.6 78.2 0.0 100.0
50 19.5 2.9 77.0 04 98.2
70 19.1 1.7 78.5 0.5 97.6
90 19.2 3.2 77.0 0.5 97.8
110 189 24 78.3 0.4 98.2
130 194 24 774 0.8 96.5
150 19.3 0.5 776 0.5 bt

10) On the reactions of CH,-air-steam, and CH.-CO,-steam, we have
conducted numerous experiments, which have shown such satisfactory results
as indicated in the following tables,

Table VI
Velocity of gas flow. 5 It./hr.
H:0/CH,=10
Composition of raw gas
CH, 42,856
02 11.5%%
i N 4603
COq 0.2%
Temperature Composition of produced gas Degree 25 ﬂ‘ecac':?r?:sition
‘C COo, 0, Co H CH N (%)
600 16.8 0.8 1.3 61.7 0.5 18.8 97.3
650 17.8 0.4 1.2 60.4 0.5 19.7 97.5

v
Table VII
Velocity of gas flow. 6-8 It./hr.
H:0/CH,=05
Composition of raw gas
CO. 27.8%
(073 0.496
CH, 1%
Na 0.7%
Temperature Composition of produced gas Degree 22 g:":g;:}f:sni"“
°C Co, 0, Cco H. CH; N; (%)
800 4.4 0.4 30.6 59.4 4.5 0.7 87.2
850 0.9 1.0 30.6 60.0 3.8 3.8 89.2
900 0.8 0.2 32.0 63.4 1.8 1.8 ; 94.8

11) After all, the best conditions induced from the results of the above
stated experiments are as follows :

Temperature 600°C
H,0/CH,=7-10
Catalyser, Ni—AlO,—Kaolin

1:0.043:10 by weight.
Ignition temperature, 500°C
Reduction temperature, 300°-500°C
Amounts of the catalyser—1/100 Volume of CH, flowed

in 1 hour.

12) We have also calculated the equilibrium constant and the composition
: - HL CH,-p’H,0
of the produced gas. Especially, on Kp,— PCHeHO 4 ¢, pCH, o
P g P y P *H,pCO P2 P'H,pCO,
we have shown the variation of the equilibrium constant and the composition
of the produced gas owing to the increase of the amount of steam, using
nomographic tables so that calculations may be made nomographically with

ease.

[Natural gas Research Institute, Government of Formosa.]
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CH,+H.,0=C0+3H,—489 Kcal (1)
CH+2H,0=C0.+4H.—385 Kcal @)
CO+H,0=CO0;+H,+10.4 Kcal (3)
CH,+C0.,=2C0+2H.—59.0 Kcal (4)
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I CH;+H.0=CO+3H.: IHEIZHT

- pH:O
Kyl b i it
CH,+2H,0=C0,+4H. BT
2 CH; - p*H:0
K= hor LTI

log Kp' Bt¥ log Ky* REE4DHIECEOTHMET A2 LAMMMB, 45 1 0N 2 222
DI TH B,
01 BB 2 RITHT I, IO, II R34 R0MLE TH b,
% 1 % log K, Ot

°c SO | 2|1 x| 01 K|+ omom
400 673 4,788 4135 4,637 4520
450 723 3.587 2,991 3.367 3.315
500 773 2533 1654 2,460 2316
550 823 1604 | 1.062 1.508 1,391
600 873 0773 | 0269 0,663 0568
650 923 0.033 —0446 —0,093 ~0.107
700 973 —0.636 —1.072 —0.773 —0.827
750 1023 —1242 —1.639 —1.389 —1423
800 1073 ~1.796 —2.163 —1943 —1967
850 1123 —2203 —2629 —2.454 —2.459
900 1173 2,755 —3059 —2924 —2913
950 1223 —3.179 —3.452 —3352 —3328
1000 1273 —3576 —3.826 —3748 —3n7
1050 1323 —3.939 —4152 —4.087 —4,059
uo | 1373 —4.275 ‘ —4.457 — 4456 —4.396
ms0 | 1423 —4588 | —4743 —4773 —4.701
200 | 14m —487%6 | —5014 —5.063 —4.985

24) Liander. Trans, Farad. Soc. 25 (1929) 462.

25) Eastman, Storch. J. Am. Chem. Soc. 53 (1931) 1266,

26) Ghosh, Chakravarty. Zeit. Elektro. Chem. 217 (1934).

27) Mayer, Henseling. Journ. Gasbeleuchtung. 52 (1909) 166, 194,
28) Randall, Gerard. Ind. Eng. Chem. 20 (1928) 1335.

29) Gordon, Barnes, Journ. Phy. Chem (1933) 2603.
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W2 # log K Ot

STy 1 R v | x| # B oM
673 3.079 3,104 3.547 3243
723 2.088 2.127 2478 2231
773 1.217 1272 1,740 1.410
823 0.447 0.516 0.937 0.633
873 —0.239 —0.154 0222 —0.057
923 —0.856 —0.767 =0.419 —0.681
973 —=1411 —1.304 —0.997 —1.237
1023 -1.915 —1.802 =1.524 —=1.747
1073 —2.374 —2248 —1.990 —2.204
1123 —2.794 —2.663 —2429 —2.629
1173 -3.178 —3.036 —2.835 -3.016
1223 —3.531 —3.384 —3.203 -3.373
1273 —3.855 —3.699 =3.543 —-3.699
1323 —4.110 —3.998 —3.833 —3.997
1373 —4.439 —4,268 —4,159 —4.289
1423 —4,698 —4.528 —4.431 —4.552
1473 —4.939 —4,796 —4.682 —4.806

log K,'=—200 6,28 log T+1.226.10* T—5.502.10-" T*+8.142

457501 11946 0 3
logK,.‘—ﬁ——mnT ——1686 logT«l-“;n S S[GR +3R
+R-Z0 RS 5°°° —R 2% laT+6.08

log Kp'=log Kyy—log Kpn-lOngu

log Kpt=-22 4-15 765 log T+2.157-10~" T +1.989-10~ 7 T*+7.048

362811 10.936 1 dT 2020
log Kp* = e — 1086 128 THism S |-5R T
+2R 20 4R S0 _op O R IW 4R i‘lgf’-]d'rﬁ.m

III 3 log Kp'=log Ky —log Kpp—2log K e
Z M2 Kpny Ko, Kpo (2

C+2H,=CH,

C+C0,=2C0

CO+H.0=CO.+H,
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Kpp pCO;
K _PpCO2pH:
¢ =pC0: pHO
LT3 hs
__Km Kpa S 1 1 £ g e
! e KonKpo! Ko Kpof naMEIETRE K B K® kb,
Kpa _ pCH¢pCO:pCO-pH:0 _ pCH, pH:0 0 k.
Kpn-Kpo p*Hzp’CO pCO; pHa p He'pCO %
Kpa PCHypCO2 p’CO p"HeO _ pCHp?H,0 _ —K.2
i Kpn:(Kpo™  p*Hap?CO p*COy p*Hy p'He--pCO; i
i
. MRDHB e T XA bhde
b B3 # log Ky, log Ky ,log Ky, log Kyp O
i °c T | lgKm 108 Ky logKpe | logKm
: 400 673 1481 —4.216 1090 32,623
i i 450 723 0941 —3.315 0889 20.989
¥ 500 773 067 —2,505 0720 27.690
I 550 823 0281 —1.795 0571 25,667
4 600 873 —0.064 —1.168 0.441 23.873
i 650 923 —0.378 —0.611 0.326 22.269
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log Kpy="" ——3 958 log T —1.039-10~° T+2.667-10~7 T*—4.795:10~"* T*
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i K000 (0= 100z +1) 42 5 E logkK,
|3 log K *=log (100—x)+2 log (1100 —x)+2 log 100 (2n+1)+2x1—5 log x—1.806 : LIRS n=1 A e R
°C | logKpt
{ &5 2 ERCHE 3 @R EXD # \SEE RN LI0ED log Ky Ruf logK,t & 4 2 eSSy CH, CO. He n=15 2 | 3 l 4 I 5
‘ DBl L OWIRERT & DT RBERMDEINZ LD THIEDER T 2T L < B, &L 400 3243 | 545 9.1 364 46.5 400 315 25.5 210
55 1 LN TRILE L QBT 5 4 2 kAR 25 = & 2 A S, Selae SA S GG (T 8810 R I2B A R0 e 101 | 305
; ] i b 500 1410 | 315 | 187 | 548 | 230 | 15 | 110 70 45
1. FAHMOZE G ORER 2~ T 3R 4T80 7052 DEMEHR i 2 72 o D TR 550 0.633 230 15.4 616 15.0 10.0 5.5 30 15
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