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(54) PROCESS FOR REACTING OXIDAES OF CARBON WITH
HYDROGEN TO GIVE METHANE

(71) We, RHEINISCHI BRAUN-
KOHILENWERKE AG, 2 German body cor-
porate of, Konrad-Adenauer-Ufer 33, 5000
Kpln 1, Germany and FRIEDRICH UHDE
GMBII, a2 German body corporate of, Decg-
ginstr, 10, 4600 Dorimund, Germany, do here-
by declate the invention for which we pray
that a parent may be pranted to us, and the
method by which it is Lo be performed, to be
particularly descsibed in and by the following
statement -— '

This inveation rclates to the reaction of
carbon oxides, in particular carben monoxide,
and Liydrogen to give methage.

The hydrogenation of oxides of carbon to
give methane, in the prescnce of catalysts
which contain metals of the eighth group of
the Periodic Table, in particular nickel, is
known. It has been proposcd to operate the
process with low CO contents in the feed gas,
for czample up to 4% by volume (sec, for
example DOS 2,201,278}, or with 2 large
excess of hydrogen, in order to avoid, during
the strongly exothermic reaction which takes
place, the formation of frec carbon, which is
tevoured as the CO conceptradon in the ret-
action mixrure increases. Thus, for example,
it has besn stated that a rato of Hy:CO of
at least S is desirable. Hydrogen or a hydro-
gen-rich gas was passed through z series of
reactoys filled with a catelyst containing nickel
and sufficient CO or CO-rich gas, for example
water gas, was added to the hydrogen-tich
gas before each reaction so that the ratio of
H,:CO did not fall below § (s, for example,
DOS 2,212,700). If o Jower ratio of FH,:CO
is selected, the reaction is in general carried
out with the addition of steam, in such large
amounts that deposition of carbon on the

catalyst, and hence a deactivation of the latter, .

are firmly prevented. Thus, for example, a
value of 1:5.5 for the ratio of CO:FLC has
been mentioned (see, for example, DOS
2,345,230,

The setting of 2 cerlain CO:CO, ratio has

also been rcgarded as necessary because 2
deactivation of the nickel on the catalyst
occurs if the gas stream which is fed into, for
example, a “wet” methanisation (l.e
methanisation with the additon of steam)
comiains unly carbon dioxide. Against this,
in the ahsence of carbon diozide, there is a
risk of depositing carbon on the catalyst, and
this also deactivates the latter, It has there-
fore been proposed to maintain a ratio of
between about 173 to asbout 3:1, preferably
shout 1:1, between the CO content and the
CO. content of the gas. Merhanisation in the
presence of 2 customary catalyst containing
less than 359 of nickel for a prolonged
period has succeeded only when this ratio has
been set (see, for example, DOS 2,345,230},
In addition to the wet methanisation, a
# dry # methanisation (i.e. methanisation with-
out the addition of steam), has also been des-
cribed, but again only under certain conditions.
Thus, this method of working is used only
in order to increase the methane content of sc-
called rich gas, that is to say & gas which con-
tains about 40—70%, of methanc and which
has been obtained, for example, by an appro-
priately operated reforming of hydrocathons
or by wet methanisation, to, for example,
%0 and above (see, for example, DOS
2,303,895). Furthermore, dry merhanisation
is in general carried out in the low tempera-
ture range of about 200—300° C, preferably
in the presence of a catalyst with 2 high nickel
comtent or of speciaily manufactured cata-
lysts {see, for example, DOS 2,231,316).
Cotalysts containing nickel have frequently
heen described for the reaction of low-boiling
hydrocarhons in the presence of steam
(steam reforming) to give gases conmaining
methane. Thus, for example, catalysts with
25.-65%, of nickel on a silicate support with a
prederermined  intemal surface  (see  DOS
1,545,428) and cmalysts with 10—25% of
nicke! on zluminium oxide, which catalysts
were obtained hy precipitation of the cataiyst
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" 495° C and suhsequent reduction

3—80,

subsiances, calcination at temperatures up t0
; with hydro-
gen, (see DOS 1,770,426), have been des-
cribed. Another catalyst, proposed for stean
reforming und calcined at o(® , consists of
preferably 12—31%,
additions of at least 0.5%, preferably 1—7%s
of a potassium compound on 2 heat-Tesistant
oxide material (see DAS 1,199,427). All
thess catalysts can also be employed” for
methanisation, but if so the pre-conditions
mentioned above with respect to the CO con-
tent or the CO. content and the ratic of
CO:HL0 in the feed gas must be o .
The present imvention provides a modified
process of the type described, which is carried
put at elevaied temperatures, generally from
200° C, to 900° C, in sach a way that the
restrictive conditions which have been cx-
plained can be enrirely, or at least G & large
extent, discegarded. According to the present
invention there is provided a process for the
mamulacture of methane which comptises te-
gcting, at an elevated remporature, hydrogen
und an oxide of carbon in the presence of 2
catalyst which consists of an inert support,
which is based on a metal oxide and is free
from add functions and which contains up to
309, by weight of nickel oxzide, and which
fias been calcined at a temperature of at least
1,000° C. .
Appropriatcly, the support of the catalyst
employed in the process of this invention is

calened before applying a nickel sait, terapéra-

rures of at least 1,300° G, being preferred in

. order to ensuxe that the fupport is inert, Sup-
port materizls which can be used arc, in par-

ticular, aluminium oxides, such as sintered
alumina, and also other refractory oxides or
oxide mixtures, capable of being highly cal~
cined, for example those of magnesium, cal-
Gum and silicon, optionslly if desired with
+he addidon of binders having as neutral a re-
action as passible, such as caldum aluminate
cement. The nickel oxide content of the catd-
lyst is generally from 3 to 30%, by weight,
in particular 5 to 15% by weight. The applica-
sion of the nickel to the support can bc car-
ried ot in the customary manmner, suitably by
jmpregnation with a nickel salt solutios, for
examnple nickel nitrate soluton, and subsequent
decomposition. of the salt; the catalyst can
alss be shaped in the customary MANACE.
Tf necessary, the catalyst can be alkalised in
she costomary manner, preferably by means
of potassium compounds which prodace poras-
sium oxide on calcination.

"The methanisation can be carried out in
known maenner, generally in the temperaturc
range from 330° to 950° C, or above and, if
appropriate, under pressures of up to about
100 bars, particularly when a * wer” methani-
sation is being carried out. It is not usually

necessary w arrange for a circulation of part

of mickel with

vipmally free from

of the product gas since it is possible, with the
catalyst employed according o this inventian,
to proccss feed gases with high CO contents.
Pecause of the nickel content of the catalyst,
the fced gas must naturally have the purity
yequited as regards catalyst poisons, as is cus-
wmary. The feed gas will generally contain
CO; the content of CO in the feed gas is
generally from 3 ro 507, by volume. It is thus
not necessary to redece the CO content before-
hand by shift conversiom, as has been usual
in the past. The CO, content of the feed pas
has no essential impaortance. Gases which are
, can he processed. '
It is » particilar advantage of the process
according to this invention that the addition of
steam to the feed gas can be kept very low,
that is o say the large excess of steam cus-
tomarily employcd is not Neccssary. I hydro-
gen js present in i
which is at least stoichiometric with respect
to the carbon present, an addition of less than
0.1, in particular less than 0.07, volame of
steam per volume of dry feed gas suffices, in
general, to ensure that there is no deposiidon
of carbon on the catalyst. 1f hydrogen is pre-
sent in a lcss than stofchiometric amount, it is
appropriore to add more steam. Hgwever, this
adedition can in all cases be no morc than 03
volume/volume of dry feed gas, that it to say
considerably lower than is customary. Com-
pared with known pracosses, this enables one 10
nglise the catalyst volume substentially better,
in particular since the conversions over ihe
catalysts employed according this mvention
are in general higher than. those over the
merhanisation catalysis used othcrwise,
According to & further embediment of thiz
invention, the mcthanisation is carried ont

_withouz the addition of swam, that is to say

dry; thus, it is not necessary for the feed gases
to contain about 40%, by volume or more of
methane, such as is the case with rich gases. Tn
this procedure, it is also passible to recycle
part of the product gas into the methanisation
reactor by circulation in known manner, but in
pencral this is not necessary. With the catalysts
used . according to this invention, in dry
methanisation the reaction equulibra arc Ser
ups in a surprising memmer and to 4o exient
which largely corresponds to that theoretically
expected, over the entire tempergture range of
200° to 900° C, the process int general being
cartied out fn the temperafure TANEC from
350° to 700° C. It is particularly surprising
that, even in dry methanisation, the formation
of carbon and & fall in ihe activity of the
catalyst do ot oocur.

Tn this way, it becomes possihle to eliminatc
any adverse influence of the added steam on
the formation of methane and on the fmal
concentration of methane and, at the same
time, te obtain 2 geaction gas with a high

_final temperature.

the feed gas in an amount
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The possibility of being able o carty out
ihe methapisation without the addition of

EXAMPLE L

(Gas mixtures, such as arc obtziped by the

stcamm, uSing the CuSTOMATY Leperatire Fanges gasification of brown coal (Hignite) or heavy

nd with virtaally any feed gas composition, oils after appropriate processing and purifi-

5 provides a substantial reduction techpical  cation, werc methanised wunder 2 of 15
“osts and hence a higher profitsbility for the 30 bars over a catalyst which contained 14%
process for the formation of methene from  of nickel on aluminium ozide and which had
oxides of carbon and hydrogen. been calcined at a temperature irom 1,300°

The following Examples further ifustrate 1o 1,350° C. In each casc, the gas was passed
10 the present invantion. ‘oto the reactor at en initial temperamure of 20
' 350° C. '
Inlet gas Qutlet gas
I I 11 1v I . I i1k v
Final reaciion
tempesaiure °C
(% by volume) 620 550 600 425
H, 72.8 6L7 50,0 72,1 36.2 22,8 le.l 119
CoO 2.0 152 50,0 22,0 2.0 1.1 5.2 0.3
co, 41 179 0O 3.3 ] 10,1 32.2 42,1 8.5
CH, 21 22 0 2.8 5t 43,9 36.6 79.3
steam addition
volume/ volumes
of gas 0.1 0.3 03 0l
Aftar 2,000 hours of operation, there was  an alumina/silice miztare with 12.5% of
na fall in the achvity of the catalyst in any  nickel, which caralyst had been calcined at.a 30
25 of the cases. temperature from 1,275° to 1,300° C, without

EXAMPLE 2.
Various gus mixtures were reacted undey
a pressure of 30 bars over 2 catalyst based on

the addirion of stzam. The sesults thus
ohrained are summarised in the Table which -
follows:

Gas iem-

petature “C Inlet gas tn % by volume Dntlet gas in % by volume

Infet Outict| Cly co . H, cu, ©Co  Co, H,
490 600 - 24.8 — 732 0.4 0.8 7.2 3.6
400 550 - 14.6 - 7504 67.7 0,7 5.6 26.0
250 300 | - 551~ 749 | 951 02 0.8 1.9
480 620 4,0 19.1 3.9 73.0 Gl.B 1.5 6.9 1l.6
450 630 41.6 5.2 7.6 45.6 56.4 1.7 7.3 34,6
4350 725 26.4 16.2 5.8 57.6 10.6 5.3 7.7 46.4
244} 300 ®3.0 0.1 3.2 13,7 26.1 0 0.8 EN

Each of the experiments lasted R00 hours, withoat a fall in the activity of the catalyst

being cbeerved.

WHAT WE CLAIM IS:—
1. Process for the manufacture of merhane
which comprises reacting, at an elevated tem-

peratare hydrogen and an oxide of carbon in
the presence of a catalyst which com{prises an 40
inert support which is a metat oxide free from
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acid functions and which contains up to 30%
by weight of nickel cxide, said support having

been calcined at a temperawre of at Yeast-

1,000° C.

2 Process according to claim 1, in which
the mert support Is aluminium oxide.

3. Process according ta claim 1 or 2, in
which the calcination is carried out at  tem-
perature of at least 1,300° G

4. Process according te any one of claims
{ 1o 3 in which the catalyst contains 5 o 5%
by weight of mickel oxide.

5. Process according to anmy one of the pre-
ceding claims in which the catalyst also con-
tains potassium oxide. -

6. Process according 1o any one of the pré-
ceding claims which is carried out in the pre-
sence of not more than 0.3 parts by volume of
steam. per part by volume of dry feed gas.

7. Process according to claim 6, which is

carricd out at & temperature from 350° to
950° C.

8. Process avcording te amy onc of claims
1 to 5, which is carried out without the addi-
tion of steam.

9. Process according to claim 8 which is
carried out at a temperatore of 250° to
700° C. )

10. Process according to claim 1 substan-
tinlly as hereinhefore described.

11. Process according to claim 1 substan-
tially as descrived in either of the Examples
or part thereof.

15, Methane whencver mannfactured by &
process as claimed in any one of the preceding
clajtns. :

J. A. KEMP & CO,
Chariered Parent Agents,
14, South Square,
Gray’s Inn, London, WCIR SEU.
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