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A process for the Synthesis of Hydrocarbons and Oxygen-
Containing Organic Compounds

We, UBEINPREUSSEN AKPIBNGEYELL-
suMArT rix Brsusav vvo (mrns, Hom-
berg/Niederrhein, Germany, u Germasu
company, do hereby declare the invention,
for which we pray thal u patent may be
grented to us, and the method by which
1t is to be porfurmed, to be particularly
described in and by the following stale-
ment:—

This invention relates to o process for
the synthesis of hydroearbons and oxygen-
containing organie compounds, -

T Patent Applicalion No, M728/H0
(Serinl No, 707.972) there i described a
process for the produetion of hydru-
carbony und oxygen-confaining organic
compounds from  carbon monoxide und
water vapour by passing g mixture of
carbon monoxide and waler vapour con-
teining at least {wo volumes of curbon
menoxide for each volume of water
vapour, at temperatures of from 153° to
860F C. and at normal or clevated pres-
sure up to 1{ atmospheres over u catalyss
of which the main meatallic constituent is
a metal of the cighth group of the
periodie system previously activated by
ireatment with carbon monoxide and [hen
wilh hydrogen, or with a mixture of
carbon monoxide and hydrogen, at g tem-
perature of from 130° te 360° C.

I has now been found that the syu-
thesis of hydrocarbons and oxygen-con-
taining vowpounds {run carbon monoxide
and water vapour may be effected w@t.h.
partivnlar advantege with thic use of »
eatulyst contalning iron, cobalt, nickel or

-ruthenium, in which the metal is present

to a large extent in the form of a nitride
or nitrides, _
According to the invention, u process
for the synthesiz of hydrocarbons and
oxygeu - containing orgenie compounds
comprises contacting a mixiure of earbon
monoxide and water vapour containing st
least 2 volumes of carbon monoxide per
volome of wuter vapeur, ut ¢ temperature

e —— ——

between 1507 ¢, and 350° €. and at o

pressure from normal atmospheric pres-

sure to about 100 atwospheres gauge,
with a cutalyst, the main wetallic cone
stitucnt of which is iren, cobalt, nickel or
ruthenium, which inetal is present in the
form of & nitride to the extent of about
0% or more. The temperature at which
the mixture of carbon monoxide and
water vapour
catalyst, is preferably within the rauge
1807 — 280° G, The preferred,
metallic vonstituent of the catnlyst 1s
iron.

When the catalyst is prepared from
material in which the iron, cobalt, uickel
or ruthenivm iy in oxidic form, the
material iz redueed prior to ennversion of
the fron, vobull, niekel or rathenium into
aitride, "Phe reduction is
effected by muans of hydrogen or 2
tiydrogen-vontaining gas.

The metal may be converted inko n
nitride iu kuown manner, for example,
by reavtion with ammonia. When redue.
tion of the metal has to be effected, the
reduclivn  angd
may be carried out simultansously by the
uge of » gus mixture covtaining hydrogen
and ammoniy,
ture 14 used, it Iy advantagerms that it
should pot vontain such » proportion of
vurbon  monoxide as
formation of ammmonium  carbamate in
sny uppreciable quantity,
amumunium carbamate wonld be deposited
in the cooler parts of the apparatus and
would lead to the plugging of the Jines.

As  compared with the
hitherto used, the eatnlysts used in the
proress aceording te the invention give
the great advantage of reducing the un-
desirable separation of elementary carbon
through which the setivity of the catalyst
i# prematurely reduecd or deslroyed. The
particularly advantageous hehaviour of
the nitrides iun the process according to
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the invention was in no way o be fore-
seen ; rather was it to be asswmed that the
nitrides, for caampls the nitride of iran,
would he largely hydrolysed by the waier

¥apour or steam under the synthesis .

reaction conditions. — - -

The catulyst may contain onc or mare
promoters, selected from those given in
the following groups:—

(2) exides, bydroxides and salts of

alkali-metals and of alkaline aarth

metals fucluding magmesinm :

oxides which are diffienlt to reduce,

such as thorinm oxide and cerium

oxide; -

(¢} sluminium oxide and chromiom
oxide;

(@

compounds of - manganese, vana-
dium ang: boron; and I

(&) compounds of copper, nieckel, silver
and gold. o .

(b)

The calalyst may also contain a carrier
such as kiesclgubr, tale, dolomite, Itme-
stone, activaied carbon and pumice, .

It is preferred lhat the GO {H,O ratio
in the synthesis gas should he betwaen
2 angd -3:%.)}' volume. . - .

The space velocity (expressed in

volume of gay per hour relative to ainit
volume of catalyst) of the cyrbom mon-
vxide/water vapour mixbure ay with
advontage be at leust nine times the
numerical value of the operafiug or SyT-
thesis pressure expressed in atmosphercs.
Partiewlarly advantageous resully are ob.
tained when the space velocity ig main-
tained betwoen nine and fouricen times
the numerival value of the aynthesis
pressure, _
- The quantity of, waler raquired for the
reactinn with earhonm monoxide can be
injected into the reaction space in the
liquid statc. This method sffords the
grent advantage that the grester park of
the reaction hest evolved during the re-
action Dbefween sarbon monoxide and
waler vaponr iz consumed. in the conver-
sion of the water from the Hquid state
inte the vapour state, that is ta BAY, may
be dissipated from the system in the form
of heat of vaporisation. -

Though it is known from the literature
o wse hiquid water for the dissipation of
the reaction heat in vurivus other sy~
thesis, this water does not participate in
any way in the synthesis, und in many
cases constitutes a bindramce to the
desired reaction. In the process aceord-
ing to {he invention, the uhilisation of the
heat of vaporisetion of a reaotion  com-
ponent for the dissipation of the resction
heat is whuolutely new and was Toi te he
foreseen In any way., A ceonsideruble

‘phase, that iste

technioal advantese is obtained in thai
the cooling deviess required for the dis-
eipation of heat are wholly or partly
dlspcnse_d with.

The iuvention iy noy limited to ome
determined menger of carryng out the
synthesis from water vapour and cachon
wenoxide. Tt may be used hoth with
fized-bed catalysts and lso in the liguid
say, when the cafalyst
Is & fille suspension in oil, and also in the
so-cullad ¢ flyid-hed * eatulysis inwhich
the tatalyss ig maintained in suspension
m the pas-siream, - It ig parhicularly
advantageous, however, 10 carry ouf the
synthesis according {0 the invention i
liguid phese operation.

The injection into the reachion spaece of
the amount of lguid wabe required for
the reaction with carbon. monoxide, may
be efectsd ixn one o tation or in deber-
mined amounts ab %ﬁ‘i’erent positions of
the regution tpace. It is datermined by
fht, operating conditions provided af (he
Ime. .. )

The synthesis may be carried: out in
two or more stages; the cxib mases may
also be resyoled. The carbog diaxide
formed in the synthesis ia advantageously
separated from the produets and reduced
1o carbon monoxide, and the carbun mon-
oxide so obtained may then be fed to the
synthesis.

Hydrogen mag( also be added to ilhe
waxinre of carboy monoxide and water
vapour which is contacted with the
catalyst. In smeh case, synthesis praducts
are producad by the vesction of carbon
monoxide sud Eydrogen stmultaneously
with those produced by the reaction of
carhon monoxide and water vapour. .

The invenmlion is illustrated by the
following example, :

] . Xﬂd:e.l:.u..._'.__':'

Electrolytic bydrogen wes passed first
for thres lours at 400° G, et & spoce
veloeity of 1000 over an allialised Fe-(in
catalyst.” The calalyst wos-fhen freated
for threa hours with ammonia 4t 300° C.
and at g space velocity of 1000. Ty this
wogy a catalyst was obbained which eon.
sisted of 50% nitride of the empirical
formuly Fa, N, When this catalyst was
troated at 10 atmospheres gauge pressure
with s CO/H,0 vapour mixiure in the
rotio §:1.25 thers wag obbained over un
operating period of 300 hours at 2807 ¢,
& constant GO conversion of 95%, and st
the end of this period ths catglyst had a
carbon conbent of 6.5:% .

When, in & comparative ray, under
otherwise the same conditions, the catalyst
wag not converted: inko nitride, huy was
pre-treated with OO and then with H,,
the temperature had to he Tagreased “from
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2307 C. o 240° C. in order o maintain
& constant () conversion of ¥3% for 300
hours. In addition, the catalyst had at
the end of this period a carbon content
of 15.4%.

‘What we claim iz:—

1. A process for the synthesis of
bydrocarhons aud oxygen - containing
organic compounds, whick comprise eon-
tacting a mixture of carbon mnnoxide
and water vapour containing at lenst 2
volumes of varbor monoxide per volume
of water vapour, af a temperature between
150° 0. and 860° C. and at s pressure
from normal atmospheric pressure to
about 100 atmospherss, with u calalysi
the main metallic constiluent of which is
iron, cobalf, nickel nr rutheniwm, which
metal is presant in the form of a nitride
to the extent of about 54% or more.

2. A procesz ascording b claim 1, in
which the carbon monoxide water vapour
ratio iz not greater than 3.

3. A process gecording to elaim 1 or
claim 2, in which the carhon myunexide |
water vapour mixture is cuntactad with
the catalyst at a space veloeity which is
noi less than nine $imoes the numerical
value of the synthesis pressure expresyed
in atmospheres.

4. A process according to elaim 8, in
which the spuce velocity is not greaber
than fourieen times the mumcrical value
of the synthesis pressure expressed in
atmospheres.

3. A process according to any ome of
the praceding elaims, in which the water
in inbroduced into the reaction space in
the liquid stats,

8. A proecsg according fo claim 5, in
which the water is fed into the reaction
space at more thanm ene position,

7. A process avcording to any one of
the preceding claimg in which tke rix-
tura of carbon monoxide and water vapour
iv contacted with the catalyst at a fem-
peratnra within the range of 180°—
e80° O,

8. A process according to any one of
the preceding claiws, in which the
catalyst contains one or more promoters
sefectad from the following groups: —

(2) oxides, hydroxidea and salts of
alleeli-metals and of alkaline earth
metals including magnesium;

(h) oxides which are difficult to reduee,
such as thorium oxide and cerium
oxide;

728,602

{e) alumivium oxide and chromium
axide; .

{d compounds of lnulranese, veng-
divm and! buron; and

(e) eompounds of copper, nickel, silver

and gold, _

9. A process gsocording to eny one of
the preceding claims, in which s rarrier
stch as kieselguhr, dolomite, talo, lime-
Atone, activated carbon and pumice, is
incorporated with the catalyst.

10. A process according fo nny one of
the preceding claims, in which the gyn-
thesis is carried oul in two or wmure
stages,

1L. A proress aecording to any one of
claims 1 to 9, in whish cxit gases are
racycled to (he synthesis.

I2. A process nccording to any one of
the preceding claims, in which the SYh-
thesis is carried out wilh fthe catalyst sua-
pended iu a suitable liguid medium,

13. A process sceording to any oue of
claims 1 40 11, in which the synthesis ia
carried out with the catulyst in o linely
divided rondition suspended in the syn-
thesis gag,

14. A process according to any oue of
the preceding claims, in whick earbom
dioxide formed in the synthesis ig separ-
ated from the proeducts and is reduced o
carbon monoxide, the carboy monoxide so
obtained being fed to {he synthesis.

15. A proeess uccording to any ona of
tha preceding claims, in which the main
metellic constituent iy iron,

18. A provess according to any ons of
the preceding claims, in which hydrogen
is _a-gd:ed to the mixtura of carbon mom-
uxide and water vapour whereby synthess
Produels are produccd by the resction of
carbon monoxide and hydrogen simul-
taneously with those produced by the
reaction of ecarbon morewide and water
vapour,

17. A process for the synthesis of
hydrocarbons and axygen - containing
organic compounds, substantielly ag
hereinbefore described in the Egample,

18. Hydrocarbons and oxygen-contain-
Ing organic compounds whenever pro-
dflqad by the process of any preceding
olaim, .

EDWARD EVANS & 00,
14—18, High Helborn, Tondon, W.C.1,
Agenis for the Applicanta,

Leamington Spa: Prinded for Her Ma_jest-y’s Btaticnery Offica, by the Courier Pross.—1955.
Published at The Patent Offics, 25, Southampton Drildings, London, W.C.2, from which
copies may he ohtained,
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