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(The English Abstract from the Japanese Oviginal)

THE REACTION BETWEEN METHANE AND IRON
OXIDE, PART 1.

By

Toru OcAwA, Rigakuhakushi
Akio MaTsul
Hidetaka SENoO

Abstract.

We have carried out preliminary investigations on the reaction between
methane and iron oxide under the temperature of 900°—1100°C., in expectation
of obtaining the (CO+2H,) mixture which is commonly used as the raw gas
for the synthesis of petrol or methanol.
The method consists in the reduction of iron oxide by methane and the
subsequent oxidation of the reduced oxide as expressed in the following
formulae ; .
3Fe,0,+CH,=2Fe,0,+ CO+2H,
Reduction Fe,0,+CH,=3Fe0+CO+ 2H,
FeO+CH,=Fe+CO-2H,
Fe+0 (in the air)=FeO
Oxidation 3Fe0+0 (in the air)=Fe,0,
2Fe,0,+ 0O (in the air)=23Fe,0,

The oxidation and reduction being alternately conducted, nitrogen in the
air could be excluded from the gaseous reaction products; on the whole the
reactions carried out may be regarded as those between methane and oxygen.
In these investigations, 200 g of powered iron oxide or crushed bog iron ore
produced from Shinchiku destrict in Formosa were placed in a porcelain tube,
2.6 cm in diameter, which was heated in an electric furnace, and then natural
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gas produced from Kinsui gas field in Formosa containing 972 methane was
introduced at the rate of 2,1. per hour.

From the analytical data we can see that the reaction yields at first CO,
and H,0, are 'then CO and H, at a constant ratio during a considerably long
time. Towards the end of the reaction the concentration of H, increases owing
to the reaction :

CH,=C+2H,.

We may conclude therefore that this method is quite suitable for the
manufacturing ot (CO+2H,) from natural gas when the oxidation of the
reduced iron oxide is limited to an incomplete state,

(Natural Gas Research Institute,

Government of Formosa)
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A a 22 T A GO Ta ALY ML LTHN 34T oFIRIEN L 20
DTHHD A 2 > L ERRRILY & 2 TR Lo T3 LRy 21425 CO & He @
G 7 2 4ok LU SREOE I

A2 2 Lo HRIE L OMOD I 5 BIAEGD RIE S RMBG 22 RO 7~ % i
MY LHTE2ZR T i E&RMEERCATED bie, b C. M. Bouton™ [k s » =%
NG Hematite % Magnetite |\Zi8c¥ A0 RTHIEDHE, C. E. Wiliam, E. P.
Barrett Jz B. M. Larsen IC® 2 KM# 2\2L% Sponge Iron W%, Mayer J
Eilinder BIC™ (& Magnetite 2 Limonite O+ 2 >|2 % 280 WO MR 2470, H. A,
Doerner JC (ZAEAH B2 IO TROCUM 2ATO - MBI Zn0 2 2 2> R NG L T
LRI A A RIND

Zn0+CH;=Zn (gas) +CO+2H.
2 T 5 BRI GO IMRL G B DM A ZH LATRI 2 5 2 L 2 YRR L7

45 LLL RO i S0 (il & UEBRD BV 22 RS RRILAM A I 7z & R LA St & #
2 > ORLEHES AR L4l » DU ZER O TRA VBN ST a b

W B. Neumann €' (3481t LT CuO, Fe.0s, SnO., % ZnO #N{# 2 >
& CHEAE Lob R 7 2 DA 47 U Zn0 OFEITINTOALL LT CO L He 24+ 52
LRRDHTHH, LRI T E. Wilke & F. Fried® B TiO: Z/I CIRHNHRIE
800°C & Cr.0; & MgO ! OWHRAH2MBINRIE 750°C SIRT2 2 >k OiAH
1:2 0 CO & H, %2Wik L Martin de Simo G (% ZnO \ZEKM» » 2 BINRIE 950°-
1000°C DAV AT Lbil MEEDER A 7~ 2 Wil L2k G0 G o Sl & M
LTOREMEATHS
(1) U. S. Bur. Mines, Rep Investigation No. 2381 1922,
U. S. Bur, Mines, Bull, No, 270 1927,

Arch. f. Eisenhiittenw. 4. 357, 1930/31,
U. S. Bur. Mines, Rep. Investigation No. 3071 1931,
Z. Angew. chem, 46, 57, 1933,

L G. Farbenind, D. R. P. 525556, 1929.
Shell Development CO,, U, S. P, 1899184, 1933.
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CH,+H,0=CO+3H, (1) CO, 125
CH,+C0,=2C0+2H, @) I 1%
2CH,+0.=2CO+4H, (3)
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Wil () 017 05 10 1.5 20 25 30 35 40 45 50 55 60 65 7.0 75 80
€Oz (%) 54.0 336 84.4 304 28.6 266 236200 17.8 234 148108 82 76 78 72 64

co » 22 20 16 16 12 10 12 12 12 15 20 22 24 26 24 30 32
Hg n 283 — 04 27 33 18 30 36 43 60 42 75 83 56 72 10.7 9.6
CHy, » 401 635 63.3 65.0 688 70.0 70.6 71.4 75.0 756 79.0 79.1 80.5 830 826 86.0 79.0

98,6 99.1 99.7 99.7 99.9 100.0 98.2 99.9 99.8 98,9 100.0 99.6 99.4 98,8 100.0 98,0 98.5

ABHE CHy 2 (42T CO & He OERA %S, 2R Lizkis CO; ORATIH L

dhd (BEFK 4.3 cc)

® oz #

(iKIE 800°C.,)
Kifi) () 017 05 1.0 15 20 25 30 35 40 45 50 55 60 65 70 7.5 80
CO: (%) 689 60.4 60.2 51.4 48,0 33.2 25.1 20.0 13.4 106 105 101 88 99 68 77 54
CO » 03 14 32 10 08 12 09 18 25 36 34 34 48 37 45 43 52
H: » 05 30 29 43 15 19 43 78 115 80 55 7.1 158 162 102 158 10.1
CH, » 260 35.0 430 258 49.5 63.2 69.6 60.4 71.9 76.7 80.0 780 707 69.7 77.7 721 700
95.7 99.8 99.7 99.2 99.8 99,5 99.9 99.0 99,3 98,9 99.4 99,6 100.0 99.5 99.2 99.9 100.0

(BlHk 6.3cc)
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({6 900°C.)
Bl (%) 017 05 1.0 15 20 25 30 35 4.0 45 50 55 60 65 7.0 75 80
COs (%) 96.4 925 902 83.6 50.4 282 19.0 135 11.2 114 100 92 B8 90 86 86 90
CO » = — 08 0.7 20 B0 130150 133 150 142 122 12.4 133 132 12,3 128

Hs » = — — 20 30136 280204 28.0285 27.3 262 288 266 27.1 24.2 30.3
CH, » — 70 8.1 144 460 47.0 450 414 47.1 450 485 534 510 50.0 51.5 536 50.0
96.4 99.5 99.1 99.7 98.4 96.8 100.0 99.7 99.6 99.9 100.0 100.0 100.0 98.9 99,9 93.7 99,1

(B 96cc)
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05 10 1.5 20 25 30 35 40 45 50 55 60 65 70 7.5 R0

7.
97.0 91.8 90.4 89.0 61.9 12.0 12.2 108 10,6 10.2 10.6 106 94 E6 44 26 18

04 14 16 65208 205 196 19.3 196 13.0 138 19.2 17.0 186 138 10.6
— — — 55372 379 37.0 374 346 350 348 37.6 42.6 47.0 525 520
— — — 256 295 29.6 30.7 32,6 33.0 35.2 35.2 33.5 31.0 20.2 30.1 340
— — — 995995999 98.1 99.9 97.4 98.8 99.4 99.7 9.2 962 99.0 98.6
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900°C DMt & BEII—MI 24 3 & LA WIMIZIT CO+2H, TR LTHS

@# 5 %

(e 1100°C)
Bl (B 017 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
€Oz (%) 97.0 940 97.7 970 768 124 112 100 90 82 76 60 50 28 12 08 10

CO » — 10 01 04 60242 218 206 17.2 156 13.4 11.0 11.4 104 72 56 55
Hs » — — — — 70405 384 450 50.1 55.0 51.5 60.0 61.5 62.2 7L0 71.2 72.1
CH, » — — — — 100200214 20.7 22.2 198 245 280 205 20.7 20.2 20.6 20.5
97.0 950 97.8 97.4 98.8 97.3 92.8 96.3 98,5 98.6 97.0 100,0 98.4 96.1 99.6 98.2 99,4
(Bt 10,6 cc)
w4 [
100
90
80
70|
2
o
R
2
-0
0
20
10
0 1 2 a 4 5 6 7 um
= N m
WIEN 3P CO: OUUIME S 8 . @liis CO: DRt 2w+ LIt H, D EEU A ey

MuTH S

W & 47 ADVEMZ 8T 2RILORIAE 2, 3, 4, BlizaT

i, ADMMIC & 2500

BAFHE UTRRIEAS R 100 g 21RO RIS 1100°C (4R 6 7 AU A Pl 2 VM Tl B
PMAZ & O TR 2 M5 2 7 LADES A i 12

B 6 %
(M 1 Yie)
Wi (15 017 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8.0
CO; (%) B89.2 97.0 97.0 97.8 97.2 03,6 934 974 97.4 964 82.3 23,0 166 154 148 144 140

CO » 06 04 02 06 02 02 02 16 14 15 47 195 200 188 229 226 214
He " T, o E e e B S TR O Y )
CH, » TR S e ety R e 0 TRBIOE R 6 2 198 915 ond

89.8 87.4 7.2 93.4 97.4 YB.8 US.6 99.0 988 99.9 936 100.0 99,5 98.1 97.3 97.0 100.0

S e e et S O e Y S P = i Vi gt

e o R T T T B V= SER

AR v ERLR E o KE . 1

FREEA & 0 CO: D4R+ 5 iz s. CO. D& L Iz kHDRELER L
B2 2 >ORZHMLTHD

w7 %

(Bt 2 Yne)
Wl ()§) 017 05 10 15 20 25 30 35 40 45 50 55 60 65 7.0 7.5 80
CO; (%) 798940 979 970 758 124 11.2 100 90 B2 76 60 50 2B 12 08 1.0

CoO » 34 10 — 04 06242 218 206 17.2 156 13.4 11.0 114 104 72 56 58
Hy » — =— — — — 405 384 450 £0.1 65.0 51.5 60.0 61.5 622 71.0 71.2 72.1
CH; » — — — — — 202214207222 198 245 23.0 205 165 20.2 20.6 205

— — — — — 97.3 92.8 963 985 98.6 97.0 100.0 98,4 919 99.6 98.2 99.4

WARDME LR 24T 5 Lk aIENT CO+2H: DA A DHIF A R LT
(=X}

(HEME 4 Vi)
B (B 017 05 067 10 15 20 25 30 35 40
CO. (%) 804 842 974 B840 90 62 34 42 22 10

Co » 36 32 04 36 204 172 146 138 136 125
He » - - - — 396 412 410 449 461 469
CHy » = = == — 303 352 406 375 380 362

840 874 978 876 994 995 996 994 1000 997
WilE & MDM 2 4i T 5 & CH, Jit% Lo

® 9 B

(HEdlt 8 Ynr)
) () 0,08 025 0.£0 0.756 1.0 1.25 15 1.7 2.0
COs () 98.0 89.9 302 96 22 B4 72 58 42

CO » 0.2 15 166 23,0 214 211 19.8 16.4 14.0
He »n == — 220 30 346 348 348 380 423
CH; » _ — 308 310 346 352 380 398 398

982 914 996 996 998 995 998 1000 100.0
4506, 7. Fe L mglal— Ml AT T A LKA BTN CO: 2R C CH, 2 LTH5
LLLD PR & O W20 5 I CRBILIE BRI & % 4 2 >0 RRICPCRRC 55 TURil e il
DEDWEITIT & MRS TEE L LT COs & H:ODHIRT & ANk ¢ COx
DERIARBZWY T 2220 TIh BN CO & Hy D&RREL <%0, 38IZ COy,
CO, Hy, Bt CHy, ORE—EDI L2 0 ZOJRMEL T < Bl THRAEIZ He OBIERN $HIH
%23 LCH(~C+2H, Din & D % 22521
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8 AN R I W kR R K % 22y LRIER L DK 9

ifi LT CO+2H: Dlt24i ¥ Hila A DS IRIET S TR 5 LIRIE 900°C Pl L
AL L, WG 2 Ve 22 OEMODI DRI TH DR

PERRCOEIT) L SR A B IR AAL IR 7 M LM T # v ¥ — 22 1 ¥ HEE
5 BREMEOBWAEN LI DT, Zhk 4 mesh KISFRFEFICE 0RREL, -0 200g
2O ERe AT Ol
(). #E&k DHERE M L1 3%%0

R DEREI BHRRRIE R S0 2 N L 2 AD LOTID L O (24 2 ~ORRIEIZ 1
UoEEE LTRENAS & ZhS TRIBIZIE SR D55 20 6 4 5 R 2
UL 6 DT EI A HBHEN D & B2 A7 :

05 w7 7 EE, AR U, TRH, IR 2R A TR AT 01,

Low T 2 M

A3 Imm O« 7 7 WA 10-20mm O S\ZY) 0 900°C DOl FATL % N0 ndk
MILL1:5 4D 200g %)) Liz

B 12 %
W§M) (M) 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75
CO; 1) 89,5852 703596 357 126 90 74 65 7.1 58 56 54 47 45
CO =» — 06 162 15.0 22.1 21.4 190 15.7 13.7 15.4 11.0 11.0 12.2 10.3 10,0
H: » — 20 95231 40,0 62,5 685 75.1 77.2 75.3 79.0 79.2 80.0 82.0 840
CHy » 95 80 30 20 20 24 20 L7 26 20 34 34 23 19 13
99.0 95.8 99.0 99.7 99.8 98.9 98.5 99.9 99.4 99,8 99.2 99.2 99.9 989 99.8

BRI COx DA T HATINED & (DB 21 L OWIMSES < 2 He L OBl
Lol

iv. i W Bk
010 % ST LRI R M HE |2 4 B\ B U Fe.0, 6152, SiOy, 21194, MnO,
T e R S R R A 292, ALOs 122, OS2 0EN Lo, B0 HH0E0 L OPR U7-Bn 2K B LY
€O (%) 122 128 182 138 132 16 104 92 12 & B INEHAIGEC & O BB . WINEH Bk LN L 2-3 mesh O 40 & LDz
co » 02 300 204 302 272 234 198 163 b i L=
Hs » 470 49,0 45.0 49.2 52.3 53.6 60.6 64, i = 3
i SRR e R g e 4; (AR 2008 N0 MFEES & 0 SR I0 TRRIE Lizik 2 2 > ORL 21T UADRIRZ

840 058 937 960 965 940 950 946 it

BHESTIW S O CO+2H, DAlhl G2 <WEMOFEMIZD0T He OShnd 2602 5 6
L%

#0138 %
W§M ) 03 10 15 20 25 30 35 40 45 50 55 60 65 7.0 75
CO: (#) 962 454 326 316 152 134 136 14.2 125 116 98 84 76 74 72

A R CO nw  — 60 82 17.0 274 27.0 278 286 24.0 222 296 17.0 140 14.4 140
I6 )y %2« 7 2 BEER & BIBRIRTR L= 4O 200 g 2480 L1z Hy » — 110 163 27.0 42.4 492 50,0 48.1 58.2 61.7 67.0 71.7 730 76.0 77.1
CHy » — 370 420 246 80 95 82 69 41 26 14 14 15 10 10
962 99.4 99.1 100.0 98.0 99.1 99,6 97.8 98.8 98.1 97.8 985 96,1 97.5 99.2
# 1u %
AR S % o e o 5 AT LWL LT COp DEMEEAAEE IFNOFEa T 2 LGS H, O
I X y 2 30 i
COs (56) 132 138 M8 146 162 132 130 SRR
cCO » 268 274 294 204 206 292 291 o) &AL PR 2 RN L 2 2 > OORBILELRRZ2AT- 272 REALISBINIC &2 Tk v 2 0 s
He » 480 495 514 528 530 556 560 2L OHSER S 22 i A RREDOBEMIRE LTGEELS LOTHE D L 2ibi:
CH; » 84 85 33 2.1 11 10 11

94 992 989 985 989 0990 992
w7 HROGE LRR—H A i
ii. O 8K

) R O M W B

FEEDESE L 0 # 2~ & 0IBIEY btz BRILI 2T OZMIC & oRBlk L, ZOWERER
RRILEF UTEHEDMIZATRRIE 2 L H 0 # & = 2% 2O s RMEILHiC X ORRIL L. i b hg
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ACRRDIRIT L kIS DR < MDD AR RN e il 5 LG CO: DEMIZRY < #5L COLH,
1:2 ONAED L ORMEMMER T2 2 £« B0, ZORERTOMM AR AT HBEA R
CEERUh ORR 2R S0 6 4 2 > LI W AT e Luanmafiie Uizl 1:12 O
CO L H. Ola# AL LMot M5 ORM L b WIRDT 68 8% HHEL
1100°C # 2 > 2 Y, 250 20 Yoo ORIEIC TAELAE LA 4T Uz 5 12RO 218
20 G 14. 15, 16, R IOERMOD BN H D 5 % 4 20 2 A DAL AR T 4 OTh &

w14 %
(ECTMYER 11 [e)E)
WO () 05 1.0 15 2.0 2.5
CO, (%) 88 89 6.4 5.0 4.0
co 278 30.1 29,0 27.0 262
H.: " 552 53.0 614 66.0 66.1
CH; » 8.1 74 25 1.3 1.2
99.9 99.2 99.4 99.3 100.0
B 15 »
(B {2 35 k)
() 0.5 L0 15 2.0 25
CO: (%) 5.0 586 4.6 3.4 10
co " 26.4 29.0 298 276 262
H: n 57.6 530 622 62.6 6.0
CH, o 85 10.2 33 4.4 38
975 972 99.1 99.0 99.0
&% 16 *
(BB 48 [o9H1)
L I ) 05 1.0 1.5 2.0 25
COg (36) 4.2 42 a1 3.0 2.6
co " 29.4 30.4 309 312 316
Ha » 585 556 59.0 580 59.0
CH; - n 0.6 6.5 40 1.0 4.0
98.7 . 967 97.0 972 972

TR LGN CEACERON 24 16 OMMIE T2 405 A DHUEDEME % 87 Ui
G ZRIZEOTRPMID S v 2 21 5 = LD st

T I ——

T

ARy LRI DR 1"
i KOK®2 A
90
80
70 )
Y] S Hz
o
= s0
8
(] 3
e co
30}
20
10,
CHy
e e o

0
R (ep)

(IV) Bt @ 15 B i BB

RRILEEANRICE 6 & ~ ABETRR A TR 2MI0 247 T 525, Ak TS KN
T HREE M MR DN L DB L QAR ~6D s b 2D CWRT -2
LB TH &t b iRy BT 2 WS D 5, O HRELHZBHRC LTk LI TR
bhEfSE (i ORERK— AU I AUEANE R LTI L, AL A % = %5
LT OFEHIAE 2 % L1

B 17 #

. 3 I+ A DR

°G = X A 2 v
1,100°C - —
1,150 » — —_
1,200 » - "o e
1,450 » %1bikdt
1,500 » [ S |

N6 17 A d i < 1100°C LLLOMARIEC A TISRRILE 2 I - THII 4 2 Lk
ARIE T B % LITRHRIELL LR TA RN DR A B RBRD Nk e Y I8 5045 H 5
] L]

W2 MRA DML LT 4 2 ~ 25 MRt L CO+2H, DRE #2253 Hkflikic
KOl HRRILE 808N LA DM 2 DRMNZRTIREEE LT CO: & HO O
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