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PATENT SPECIFICATION

We, Brrrisg Crraxess LowTep, o
Compuny incorporated in aceordance with
the laws of Great Britain, of Celanese
House, 22 & 28, Hunover Square, London,

5 W.1, Rovarn ¥ioe and Evwann BosneN
Tromas, both sabjects of the King of
Gregt Britain, of the Works of British
Celanese Limited, Spondoen, near Derby,
do hereby devlare the nature of this inven-

10 tion to he ag follows:—

This invention relates lo the manufac-
ture of methane hy reaction bebween
carhon momoxide and hydrogen.

Acvording to the invention metbana is

15 preduced by subjecting a mixture compris-
ing carbon imonoxide and hydrogen to
elevated temperatures in (he presence of a
shaned catelyst mass comprising metallic
nicke! and slumina.

20 The nickelalumina cufalysl may he
prepared by adding a solution of nickel
nitrete and alvminium nifrate in the
desired proportions to a solution of sodinm
carbonatle in order te precipilate togeiher

a8 nickel and alwminium oxides, separating
and washing the precipitaied oxides from
the sodiwm nifrate solution so fermed, and
redueing the nickel oxide in the mixture
to moetallis nickel, for example by heating

30 the mixture of oxides in a curreni of 2
reducing gas suck as carhon monoxide vr
hydrogen, or a mixture comprising these
gases, Por instanee the reaction ges mix-
tnre itself may be cmploved fo reduce the

35 nickel oide: thus the reduciion may take
place during the first stages of the
synthesis,

The shaped catalyst mass is preferably
prepared at low lemperatures, for examble

40 as is deseribed in Specification No. 854,361

' of British Celanese Timited and others.
Thus the oxides of nicke] and aluminiogm
may he precipitated together from. a solu-
tion of the enrresponding nitrates, freed

45 from the sodium nitrate selution remain-
ing as far as possible by pressing, drain-
ing, centrifuging or the like at ordinarv
temperalures, thoroughly washed, and
 formed ’* into the desived shape. e.g.

50 inty rods, tubes, * mecaroni * or tablets,
for example hy stemping or extruding.
The shaped catalyst mass max then be
{'horouz:_r}_]_lg__grigfi, preferably at ordinary
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temperatures. The final reduction of the
nickel oxide lo nickel is alco advantage- 535
ously carrvied out ab relaiively low
erperatures. :

Tor example, to preparc a very active
eatalyst, a eold agueous solutivn of about
4 paris of nickel nitrate to 1 part of 60
aluminium nilrale may be added, to a cold
solution of sodium carbunate jo preduce
o gelatinous or colleidal type of precipi-
tute., The preeipitate may then e
pressed, drained or -cenirifuged and 65
washed free from sediuma nifrats with ecold
water, after which it may be compressed
and extruded in the form of rods or other-
wise shaped, The remainder of the water
may then be removed, for instance by 70
evaporation at & temperature below aboni
30°°C. The dry shaped caialyst may then
ha reduced, for example by heating it in
carbon monoxide or hvdromen to a tem-
peralure of the order of 250° . Th

Althouph it is preferable to earry ont
the preparation of the catalyst al low
temperabures, higher temperatures muy be
employed if desired. However the catalyst,
while: sl heing highly uctive, will then 80
be abtained in a more or less powdery form
which is much less uscful than is the
formed catalyst prepured ad low tempera-
{ures, ' '

The starting materials for the veaction 85
may eonsist of a mixiure of substantiaily
prre carbon moneside and hydrogen. If
desired however the mixture may contain
othor gases such as nitrogen, carbon
dioxide, and even methane itself. Thus 90
for example 2 blus water pas may be
used, as may ordinary coal mas to which
further quantities of carhon menoxide
have heen added, or other indusirial
gascs containing hydrogen and carbon D3
menoxide may be emploved, The zag mix-
ture may contain approximaltely cqual
proportions of earhom  monexide and
hvdregen., but belter resulis and o longer
catalyat life may usunally be attuined by 100
emplovingy cxoess hvdrogen, for
example 2, 8, 4 or even more volumes of
hvdrogen for each +volume of curbon
monoxide.

Whils the shaped nickel-alumina 108
catalyst shows a remarkable resistance to
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sulphur poisoning, it is advisable o
remove swiphur from the reaction gases so
far as dis conveniently possible. ot
instunce, the gas (e.g. coal gas With added

5 earhon monoxide) may ba admized with
steam and passed over a suitable cafalyst
at a high temperature. for example the
gases may be passed over a iron-zine
axide catalyst ot a temperature of the
order of 500° 0. The treated gases may
then he washed with an alkali sach as
gsodivm hydroxide to remove the hydeogen
sulphide formed in the purification reac-
tion; the alkali wash also hus the advan-
tage of removing carbon dioxide if this gas
js present,

To eftect the conversion of the carbon
monoxide and bydrogen info methane, the
gas mixture may he passed over the niclel-
Slumina catalyst at an elevated tempera-
fure and prefecably under “wimospheric
presiure, Or- 3 pressure nob greatly in
excess of atmospheric. For cxample, the
gases may be heated in the presepco of the
25 catalyst to u lemperature above ahout 250°

(., for example between 256° C. and 700°
G Preforably temperatures bebwean
about 300° aand 450° or 5007 ©. are
employed, femperatures of the order of

30 330° +o 380° or 400° C. being particularly

useful. L
The gases jssuing from the catalyst zone

may contain up %o 70% or more of

methane; the other most important consli-

85 tuents are unchanged earbon monoexide

and hydrogen, and carbon dioxide. Ti

10

15

20

desized the latter gas may be removed from
the mixture by inlensive cooling or wash-
ing or in any olher suitable way;: other
impurities may also be removed if desired,
either with or separately from the curbon
dioxide, For many purposes, however,
for example for the conversion of the
methane by heat treatment into ethylene,
acolylene, or other hydroearhons, the gus 45
mixturs may be nsed without purification. “
The sheped nickel-alumina cafalysis
possess 2 high ectivity coupled with =
remarkably long life and resislanec fio
poisoning, TFor esample, » cafalyst of 50
this kind may be employed econtinmously
for a period of days withoyp substantial
loss of aclivity ander condilipns which
put & nickel on pumice cefalysh out of
action in & few hours. bb
If desived the alumina of the catalyst
may be wholly or partly replaced by
magnesia or other dehydrating eetalyst—
especiaily an oxide dehydrating cadalyst.
Moreover, fhe nickel-alumine ar other 60
catalyst may, if desived, be employed in
assoviation with a carrier; for example, it
may be deposited on charvosl, silica gel,
pumice, ashestos or the fike, although as
plready stated, such a cabalyst mass s
much less efficient than is a shaped
catalyst. .
Dated this 28th day of Otoher, 1935,
STEPHENS & ATLEN,
Churtered Patent Agents, -
Oelaness Houose,
99 & 28, Panover Square, London, W.1.
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We, Bririse CELANESE TaMITED, »
Compeny incorporated in accordanecs with
fha laws of Grezt Britain, of Celanese
House, 22 & 23, Lanover Bquare, Londen,
W.1, Rowarp Pagr and Eowann Bospmy
Tmanas, both subjects of the King of
Great Britein, of the Works of Brifish
Celancse [imited, Spondou, near Derby,
-do hereby deelars the nature of this inven-
tion and in whet manuer the same is 10
e performed, o be particularly described
and ascertained in and by the following
80 statementi:— _ :

This invention relates to the maanufac-
ture of methene by reaction befween
earbon moenoxide and hydrngen. .

According to the invention methane is
produced by subjecting 2 migture com-
prising carbon monoxide and hydregen fo
slevated temperatures in contack with, &
chaped cetalyst mass comprising metallic
njcicel and alnmina and produced by preci-
pitating together in the cold nickel oxide
ond aluming, forming the precipiiate into

70

76

85

90

a2 shaped mass and subsequently reducing
the nickel oxide. In practics the wickel
exide is nsually precipitated as hydroxide

or carbonate, and the alumina as 95
hydroxide, bui- these compounds break
down at the temperatures employed for
the reduetion te yield the oxides. We have,
therefore, for the sake of hrevity, referred
throughout the Specification and elaims 100
{p the. precipitation of oxlides, but it is to

ha understood that this includes the preei-
pitation of hydroxides and carbonales
which give oxiées on heating.

The nickel-alumina catalyst may he 105
prepared by adding a setution of miekel
nitrate and aluminium nitrate in the
desired proportions to a solution of sodinm
carbonate in order to preeipitate fogether
nickel and aluminium oxides, separating 110
and weshing the preeipitaled oxides from
the sodium nitrote solution so formed, and
roduring the nickel oxide in the mixture
‘to metaliic niekel, for example by heating
the mixture of oxides in a current of a 115
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reducing gas such, as warbon monexide or
hydrogen, or a mixture comprising these
gases. For instance the reaction gas mix-
fure iteelf muy be employed to reduce the
5 pickel vxide; thus the reduction may take
place during the first stages of the
synthesis,
"he shaped cotalyst mass may be pre-
parced at low temperatures throughout, np
10 te the reducton stage, for example as is
described in Specification No. 354,361 of
PBritish Celanese Limited and clhors, Phus
the oxides of nickel and aluminium way
be precipitated together {rom & solulion of
15 the corresponding nitrates, freed from the
sodium nitrate solubion remaining as far
as possible by pressing, draining, eentri-
fuging or the E,ikc at ordinary fempera-
tures, i.¢. at temperatures of the ovder of
20 30° Q. or less, thorvughly washed, and
formed inin the desired shape, e.p. inte
vods, tuhes, °° macaroni’’ or tablets, for
example by stamping or extruding. The
shaped catalyst mass may then bp thor-
94 oughly dried ub prdinary temperaiures.
The Anal reduetion of {he nicke! oxide o
nickel is advantageously carried eut wh
relatively low temperatures.

For sxample, to prepare a very active
catalyst, & cold agqueons sclution of aboul
4 parts of nickel nitrate o 1 part of
sluminium nitrate may be added fo a cold
solution of sodimm carbonuts o produce &
gelatinons or rolloidal type of precipifate.
35 The precipitate may then be pressed,

drained ov centrifuged and washed frec
#ram. sedinm nitrate with cold water, after
which 1 may be compressed and cxtruded
in the form of Tods or otherwise shaped.
40 The remuinder of the water may then he
remaved, for instance by evaporation at u
temperature below abont 80° C. The dry
¢haped catalvst may then he vedueed, for
example by heating it in carhon monoxide
45 or hydramen to a temperature of the grder

of 250° C.

The starting materials for {he reaction
may consist of & mixture pf gubstantially
pire catbon monoxide and hydrogen. 1f

50 desired however the mixture may eontain
other gases such as_ nitrogen. earbon
diovide, and even methane itself. Thus
for example a bl water gas way be nzed.
as muy ordinary coal gus to which further

b5 quaniities of earbon momoxide have been
added, or other indnstrial gases eontain-
ing Livdrogen and carbon monoxide may
he amploved, 'The gus mixiure muy con-
tain approximetely equal proportions of

&0 enrbon menoxide and hydrogen, but hefter
cesults and @ longer catalvst 1ife may
ueually be attained by emploving exvess
of Tixdrogen. for example 2, 3. 4 or aven
more volumes nf hydrogen for each volume

65 of carbon moncxids,

80

While the shaped nickel-alumina
catalyst vhows s remarkable resistance fo
sulphur poisoning, it is advisable to
remove sulphur from the reaction gases so
far as is conveniently possible,  For 70
ingtance, the gas (a.g. coal gas with added
carbon monoxide) may he admixed with
stegmn and passad over u suitable catulyst

at o high temperature. For example the
grases may be possed  over au iron-zine 75
wxide catalyst ai a temperature of the
order of 500° I, The trented gases ma¥y
then be washed with an alkall such as
sodium hydroxide to remove the hydrogen
sulphide formed in the purification reac- 80
tion ; the alkali wash also has the advan-
tage of removing varbon diexide il his

gad Is present,

'y affect Lhe conversion of the earbon
monoxide and hydrogen into methane, the 85
2as mixinre may be passed over the nickel-
aluming eatalyat at an elevated tempera-
ture and prefevably under atmospheric
pressure, or a pressure not greatly in excess
of almospherie. For exumple, the gases 00
may he heated in the presence of the
eatalyst to a temperature abhove about 250°
(3., for example between 250° C. and ron®
(. Preferably temperatures between
sbout 800° and 450° or 500° €. arc 95
employed, temperaiures of tho order of
330° to 880° or 400° C. heing particularly
usedul, .

The mascs issuing from the catalyst zone
may contain up to 70% or mure of 100
methane ; the other most important nonsti-
tuents are unchanged carbon monoxide
and hydrogen, und carbon dioxide. It
desired {he latter gas may be removed from
the mixture by inlensive cooling or wash- 105
ing nr in any other suiteble way; other
impurities may also be romoved if desired,
either with or separately from the carbon
dioxide. For many purpases, however, for
example for the conversion of the 110
methana by heat treatment inte ethylene,
acetylene, or other hydrocarbons, the gas
wixture may be used withoat purifieation.

As compared with nickel-alumine
eatalysts deposited on carriers, the shaped 115
nickel-alumina eatalysts possess o high
activity coupled with a remarkably leag
Tife and resistunce to poisoning. For
example, & catalyst of this kind may he
employed continnewsly for a period of 120
dave without substeniial Joss of activity
under comditions which put a nickel on
puimice entalyst out of action in a fow
hours. - o

1£ desired the alumina of the eatalyst 125
may be wholly or partly replaced by an
oxide debvdraling or debhydrogenating
cafalyst, Thus, for example, {he eatalyst
way eomaprise 'magnesia, thoria, the so-
called Blue oxide of tungsten or titania. 180
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The followiug Exsanples illustrate the
invention withowt in any way lizuiting i

Exaurrn 1. .
A cold aqueous solution containing 4

5 purts of nickel nitrate to 1 part of alumi- -

nium nitrate is wdded o eold sodium car-
bonate solutien. The precipitate formed
i first washed with cold water nntil it is
substantially fres from sodiom nitrete,
10 and is then drained and pressed, and

extrnded through a die in the form of

rods. 'The shaped mass is then kepl at a
temperature below 30° (. unlil it is prae-
. tically dry, after whick it is heated to 260°
15 0. in g current of hydrogen or of o mixz-
ture containing bhydrogen and carbon
monoxide until the nickel oxide which
it contains is reduced to the metal,

mixture of 3 parts by volume of -

A
20 hydrogen with I port of earbon monoxide
is passed aver the catulyst so prepared at
2 temperature of about 350° ¢). gnd undey
atmospheric pressure. The gases issuing
from the catalyst wome comtain a good
25 proportiva of methane and only 3 small
ampnnt of carbon monoxide,

. Fxawer® 2,
A mixture of carbon monoxide and coal
Zas is treated so as to remove much of the

30 sulpbur from tho eoad gas. Fhe resulling
gas, consisting mainly oarhon
monoxide, hydrogen and mefhene in the
approximate proportions 1:2:1, and stll
econtaining about 46 mg'{ litre of sulphur,

8% is passed over the catalyst desczibed in.
Exwmple 1 ol about 360° {J, ; the resubiing
gas containg over 50% of mebhane, The
calalyst retaing its activity even affer
many houra.

40 MHaving now particularly described and
azcertaived. the nature of pur said inven-
tion sud in what mapner the seme ik o
be performed, we declare thal what we
elaim js:-—

45 1. Process for the manufscture of
methane, which compirises subjecting a
mizture comprising earhon monexide end
hydrogen to ¢levated temperatures in con-
tact with a shaped catalyst mass produced

50 by preeipitating together in the cold
nickel oxide and alumina, forming the
precipitates into a ghaped mess, aad sub-
seyuently reducing the nickel oxide.

2. Process fur +‘he menufacture of

55 methans, which comprises subjecting a
mizture comprising carhon monpexide and
hydrogen to elevaied {emperatures in
contact with a shaped catalyst muss pro-
dueed by precipitating together in the

60 cold nickel oxide and o mefal oxide which:
iz 2 dehydraling or dchydrogenating
catalyst, forming the precipitales info a
shaped mags and snhasquently reducing

the nickel oxide. -

8. Propess according to Claim 2, where~ 5
in the catalyst mass comprises nickel and
ut lenst one of the fellowimg: thoria, blne
ozide of tungsten, titania, magnesia.

4, Process according to any of Claims
1—3, whevein prior to the reduction step 70
the temperature of the mixiure of oxides

“does noj af any e exeesd 30° C,

5. Process according to Claim 1, 2 or 3,
wherein thes reduction of tha nickel oxide
is cffected at a relatively low temparaiure, 75
8. Process aceording to nny of the pre-
ceding claims, wherein the guses are
bhronght into contact with the eatalyst
mess et 8 tomperature between ghout 250
arnd 700° 0. 80
7. Process aecording to any of the pre-
ceding claims, wherein the reaction is
carrie% out under atmospheric pressure or
& pressurg not greatly exeesding atmn-
spheric. 85
8. Process according te any of the pre-
ceding claims, wherein the gas mixture
contains et lewst about twice .us much
hydrogen by volume as carbon monexide.
9. Procesz for the manufactnre of 90
methane substantially as lbereinbefore
deseribed,
10. Methane and gag mixtures contain-
ing it whenever prepured by the process |
of any of the preceding claima, 95
11. Process - for preparing a shaped
cabalyst mass for use fn the process of any
of Claims 1—89, which comprises pracipi-
tating togother in the cold nickel owide
and alumina or another metal oxide which 100
is & dehydrating or debydrogenating
cotulyst, lorming the precipifates inlo o
ghaped mass, and svubhsequently reducing
the nickel exide,
12. Provess for preparing a shaped 105
aatalyst mass for use in the process of any
of Claims 1—8, which comprises precipi-

tating toyether nickel oxide and alumina, _

washing the precipitate, extruding,
stamping or otherwise forming the preci- 110
pitate Info a shaped mass, drying the
shaped mass, and reducing the nickel
oxide, all eperatinng wp te and incloding

the drying of fhe sheped mass being
ean’igr? out at & temperatare not exeeeding 116
30° G,

13. Process according to Claim I1 or -
18, wherein the raduction of the nickel
oxide iz eflceted at a temperature of the
erder of 200° C. 120

14, Process for prepaving a shoped
catalvet mess Tor use in the proeess of any
of Claims 1—9, substaniially as herein-
hefora deseribed,

15, Shaped ealalyst maesses whenever 125
prepaved by the process of sny of Cluims
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STEPHENS & ALLEN,

Dated this 8th day of October, 1938. Chartered Patent Agents,
Celanese House,

92 & 23, lanover Square, London, W.1.

Leamingion Spa: Printed for His Majesty’s Stationery Office, by the Courder Press.—1987.
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