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COMPLETE SPECIFICATION

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

We, RHEINPREUSSEN ARTIENGUSELLSCHAFT
FUER BERGEAU UND CHEMIE, of Homberg
Niederrhein, Germany, a German Company,
do hereby declare the invention, for which we

5 pray that 2 patent may be granted 1o us, and

the methed by which 3t is 1o be performed, to

- be particularly described in and by the follow
ing statement : —

‘This invention refatcs to a process for rhe

10 synthesis of hydrocarbons and OXYEEn-Contain-
ing organic compounds,

In the copending Applcarion No. 16728/50
(Serial No. 707,972) there is described a pro-
cess for the production of hydrocerbens and

15 oxygen-containing organic compounds from &
mixture of carbon monoxide and water vapout
conteining at least two volumes of carbon
monaxide for czch volnme of water vaponr, by
contacting the mixture at tempearatures of from

20 150° to 330° C. and at normal or clevated pres-
sure up {0 100 atmospheres gange with a
catulyst the main metallic constitatent of which

s 2 metal of the eighth group of the periodic
system, the catalyst having been previously

25 activated by treatment with carbon monoxide
and then with hydrogen, or with a mixtore of
carbon monoxide end hydrogen at a tempera-
tare of from 150° to 350° C. . .

The present invention is en improvement in

30 or modification of the process claimed in the
co-pending Application No. 10728/50 (Serial
No, 707,972). _

It has been found thae the space velocity of
the carbon mopoxide/water vapour mizmre 1o

35 be reacted can be cotsiderably increased when
the operating pressure is increased at the same
time.  According to past experience, for
cmample in the hydrogenation of carbon
monoxide with hydrogen according to the

40 Fischer-Tropsch process in the presemce of
fized-bed catulyst, it was by no means 1o be

- foreseen that the teaction performance of the
catalyst would be dependent on the Tressure
cmploved; rather was it 1o be assumed in the

43 light of past experience and from the literature

—“—'——-'—-4_2'1_,__ -

on the subiect, that the performance of the
catalyst with regazd to the hydrogenation -of
carbon monoxide would not b affeeted by the
pressure.  Not only is the present Invention
CORIIary to past experience, but there is glsn 50
the surprising factor thar there is EYED 2 certain
regularity n the relotion between the opera-
tng pressure used and the magimum possible
space velocity with the same conversjon of
carben monoxide, 55

It has been found that the space velocity
{expressed in volume of £as per hour relatively
o unit volume of camlyst) of the carbon
monoxide/water vapouwr miztire may exceed
wne times the numerical valve of the operating &0
pressute {expressed in stmospheres) without
the conversion. of carbon monoxide twith watsr
vapour falling 1o below 909,

According to the present invention therefore,

@ process for the synchesis of hydrocarbons znd 85 -

Oxygen-containing onganic compounds com.
Drises eontacting 2 mixtnre of carbon monoxide
and swater vapour which contains at least 2
volumes of corbon monoxide per volume of
Walet vapour, at a temperatire between 150° 70
C. and 350° C, and at 2 pressuze from normal
atmospheric pressure to abonr 100 attnospheres
gauge, with a cawmlyst the main merallic con-
stitient of which is a metal of the 8th group
of the perindic system, the catalyst having pre~ 75
viously been activated at o temperatete in the
rarge 150°—350° C, by treatment with car~
bon monaxide and subsequently with hydrosen
or by treatment with a CO/H, mixture, the
carbon inonaxide fwater Tapour mixtire in the 80
synthesis being contacred with the catglysr ar o
space velocily which is not Jess than nine times
the muperical value of the synthesis pressnre

"in atmospheres. The catalyst is preferably

activated at z temperature wi the range g5
230°--300° C, and the synthesis is preferably
carried out at a temperature within the range .
180°-—280°

It is preferrad to maintain the space velocity
between nine and fourteen, times the numerical 90
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value of the synthesis pressure in atmasphetes.

When operating with a space velocity which
is less than nine times the opereting pressure,
the catalyst, or the catalyst space, is utilised to
4 very incomplete extent, and, due jo the yary
short contacting time, there is the danger of
the carbon monoxide being decomposed to
carbon.  Undcr- these operating  conditions,
the catalyst is moreover liable tp form methane.,
K the space velocity used relatively to the
pressure is excessive, the conversivns of the

carbon monoxide with water VApour are up-

satisfactory. o

By w0 a
working pressure, an optimun: -utilizarion of
the catalyst space is rendercd possible with
optimum, gas throughout and a very good con-
versien of carbon monoxide, so thar optimum

results are obtaited in respect of the

The carbon menoxide/water vapour ratin
in the synthesis is at Jeast 2 and js advan-
tageously not greater than 3. IE jt is desired
to produce predominantly hydrocarbons, it is
advantageous for the carbon monexide fwater
vapour ratio of the resctants to be about 3, If
it Is desired that the synthesis product should
contain an. appreciable amonnt o alcohals, then
the carbon monoxide/water vapour ratio in
the synthcsis feed mixture js Jess than 3;in
addition, the use of pressures exceeding 20
atmospheres is advantageons,

Water which, in its vapour form, constimtes
une reactant in the process according to the
invention, may be introduced into the reaction
zone in the liquid state instead| of in the vapour
stave. ‘Fhe injection of this reactsnt into the
reaction zone in the Yquid siate affords the
great advantage ghat a large part of the heat
evolved during the reaciion between the carhon
monoxide and the water vapour is dissipated jn
converting the water from the liquid stase into
the vapour state, that is to say, a large part of
the rcaction. heat is dissipared in the form of
the latent heat of vaporisation of water.

Though it is known from: the literature to
use liguid water for the dissipation of the reace
tion heat in various other syntheses, this water
does mot participate i any way in the
synthesis, and in many cases ‘constimtes 2
hindrance to the desired reaction. ' Tn. the pro-
cess according to the invention, the utilization
of the heat of vaporisation of a reaction come
ponent for the dissipation of the reaction hear

55 is absolutely new and was nof to be foreseen

in any way.” According to the invention, a con-

siderable technical zdvantage is obtained in

that the cooling devices required for the dissh
pation ‘of heat are wholly or partly dispensed
i _ L
The injection into the teaction space of the
amount of liquid water required fof the reace
tion with carbon monexide, may be effected in

_one operation or in determined amounts at

different positions of the reaction space, It

dapting tﬂéuél:;abé- velocity to the

spage-

is determined by the operating conditfons pro-
vided at the time,

out- with the catalyst

The process of the invention may be cerried
in a fized-bed, with the

catalyst suspended in a svirable liguid mediam, 70

for cxample, an ofl,

or with the catalyst in g

finely divided condition suspended in the syn-

thesis gas stream
synthests may be effected in

(fluidised catalyst).  The

e or mors

RIAZes; exit gases may also be recycled where 7%
necessary or desired.

from the reaction
from such gases and be
monoxide,
ohtained

Carbon dioxide present jn the exit fases
zone may be separated
o carbon
and the carbon monoxide so 80

may be used as part of the gas fed

to the synthesis,

Hydrogen may also be introduced into the

reaction spagce in addition 1o the CO 2nd .0,
whereby synthesis products erc Produced by 85

th

e reaction, of carbon

monozide with hydro-

gen ‘simlizneously with those produced by

the reaction of carhon
vapour,

is preferably jren.

menoxide with water

The metal of the 8th group in the catalyst 90

It may, however, be

anorher of such metals, for example, cobalt,

aickel or ruthenjum,

which are known to be

effective in the Flscher-Tropsch  synthesis.
‘The carglyst may contain one or mere pro- 95

moters selected from
lowing groups (2) 1o =

those giver in the fol-
{2} oxides, hydroxides and salte of alkali-
mgluﬂdsmg and of alkaline earth metals
futelu magnesiurm; .
{b) cxides which are difficult to reduce,
- such as thorium oxide and ceriom oxide;
(¢) aluminives oxide and chrominm sox.
© quioxide;
(d) compounds of manganese, vanadium 105
© and boron; and '
(e) coil:é:l.pouuds of copper, nickel, silver and

100

go
The catalyst may alsp be supported onm g

carrier such as Kieselguhr, dolorite, talc, lime- 110
ce,

stone, activated carbom,

The invention is illnstreted by (ke follow-

ing example.

A mirtore of carbog mondxide and waer

vapour iu the ratio 3:1.25 was passed at 230° 115
C. over un Fe-Mg-Kieselguhr ‘caralyst which
bad been reduced for 72 hours at temperature

of 200°-—260° C, with

4 gas mizture consist-

ing of one volume of #afhon monoxide and two

volumes of hydrogen. The
SUre wes incrensed, in steps

" pheres, from 10 to
space velocily was’
advantageously to
aperating pressure,
ing tabie, the carbog
did not fall below 90%,
:hes%%acc vclocity from 175 at 10 atmospheres
o ;

operating pres- 120
of 10 atmoes-
70 atmospheres, and the
_adjusted to nine times,
mne to fourteen times the

As shown in the follow-
monoxzide conversion
in spite of increasing

125

at 70 aimosphergs,



Pressure in atmospheres -~ 10 20 30 40 50 60 70
Space  velotity wumits by

volnme of gas per hour

relatively to unit volume :

s of catalyst - - - - 175 240 350 420 610 720 800
* Space velocity 1 —

pressure - - - . 7.5 12.¢ 11.7 10.5 12,2 12.0 114
Carbon monoxide conver- ' ' '

siom, %' by volume- - 905 9.8 915 92,3 06 M4 913

30 What we claim s

L. A process for the synthesis of hydrocar-
hons and oxygen—contaming organic com-
pounds, which corprises comtacting a mix-
tre of carbon monoxide and water yapour

15 containing at least two volimes of carbon
monoxide per volume of wrater vapour with a
catalyst the majn metallic constitvent of which
is ametal of the Sth group of the periodic
system, which catalyst has been previgusly
activated at a temperature in the rauge 150°—
350" C. by treatment with carbon menogide
and subsequently with Lydrogen or by treat-
ment with & CO/H, mixtme, the contacting
of the carhon monoxide and water vapour with
25 the catalyst being carried out at 2 tempergture
between 150° €. and 350° C, and at & pres-
sure from normal atmospheric pressure  to
zbont 100 atmospheres gauge and at g spave
velocity which is not less than nine times the
A0 numerical value of the synthesis pressure in
almospheres.

2. A process according to Claim 1, in which
the space velocity is ot greater than fourteen

__ times the numerical value of the synthesis
35 pressure in atmospheres.

3. A process according to either of the vre-
ceding claims, in which the carbon rnonoxide/
Water vapour ratio is not greater than 3,

4. A process according to any ome of the
preceding claims, in which the water vapour
regeied with the carbon monoxide is infro.
duced into the resction space in the liguid
state,

5, A process according to Claim 4, in which
45 the water is fed into the reaction Space 4t more

than one position.

6, A process according to any one of the
preceding claims, in which the mixmmre of car.
bon monoside and water vapour is contacted

50 with the caralyst a¢ a temperature within the
range 180°—J80°
7.Aproccssaccordingtoanycncofﬂ1e
preceding claims, in which the catalyst is
activated ar a tomperature within the tange
3% 230°-300° G,

8. A process according to any one of the
preceding claims, in which the catalyst con-
Tains one or more promoters selected from the
following groups:—

40

{4} oxides, hydroxides and salts of alkali- &0
metals and of alkaline earth metals
including magnesium;

(b) ozides which are JifFcult to rednce,
such, as thorinm oxide and cerinm oxide;

(c) alumjnium oxide and chrominm ses- 63

quioxide;
{d) compounds of manganese, vanadinm
and boron, and ’

(e} compounds of copper, nickel, silver and

gold. 70

9. A process according to any one of the
preceding claims, jn which a carrier such -as
Kieselguhr, dolomite, tlc, limestonc, activ-
ated carbon and pumice, i incorporared with
the camlyst,

10, A process according 10 any vnc of the
preceding: clajms, in which ¢the synthesis iz
carried out in two or more stapes,

11. A process according to any one of
Claims 1 to 10, in which exmit gases are BO
recvcled fo the reaction space. :

12, A process according to any one of the
preceding claims, in which the synthesis is
cartied out with the catalyst suspended in a
suitable liqnid medium. _ 85

13. A process according to any ome of
Chims 1 10 11, in which the synthesis is
cauried out with the catalyst in o finely
divided condition suspended in the synthesis
2as.

14. A process according to any one of the
Preceding claims, in which carbon dioxide
formed in the synthesis is separated from the
products and is reduced to carbon monoxide,
the carbon monoxide yo obrained being fed to 95
the synthesfs,

15. A process according to any one of the
preceding claiims, jn which the metal of the
Sth group in the catalyst is fron.

16. A process according to any one of the 100
preceding claims, in which hydrogen is added '
to the mixtute of carbon monoside snd water
vapouwr whereby sputhesis products are pro-
duced by the reaction of carbon monoxide and
hydrogen simultanecnsly with those prodoced 105
by the reaction of carbon monozide snd water
vapour.,

17. A process for the synthesis of hydro-
catbons and ORygen-containing organic ‘com-

75

90
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pounds, substantially as hereinbefore described EDWARD EVANS & Co,,
in the example, 14—18, High Holborn, London, W.C.1,
18. Hydrocarbons apnd Qygen-coniaining - Agents for the Applicants,

organic compounds whenever produced by the
5§ process of any peeveding claint,

Leamington Spa: Printed for Her Majestv's Stationery Office, by the Courder Pregs.-—1956.
‘Fublished 2t the Patent Office, 25, Southampton Buildings, London, W.C2, from whick
coples may be ohtained.




