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We, RHEINPREUSSEN  ARTIENGESELL-
SCHAFT FUER BERGBAU UMD (CHEMIE, ITom-
borg/Niederrhein, Germany, 2 {German
Company, do hereby declare the invention,
for whict we pray thar a pawent may be
granted to us, and the method by which it is
1o he performed, to be pariicularly described
in and by the following statemnent: —

This invention relates to a process for the
synthesis of hydracarbens and oxygen-con-
taining crganic compounds,

Tn the co-pending Application No. 10728/
50 (Serial No. 707,972) thers is described 2
process for the production of hydrecarbons
and oFygen-containing organic compeunds
from carbon monoxide and water vapour by
passing  mixture of cerbor monoxide and
water vapour containing at least two volumes
of carbon monozide for each volume of water
vapour, at temperatures of from 1507 o
350°C. and azt normal or elevated pressure
up e 100 amospheres gauge over a catalyst
fhe main metallic constituent of which is a
metal of the eighth group of the periodic
system, the catalyst having heen previonsly
activated by treatment with carbon mogpoxide
and then with hydrogen, or with a mixture of
carbon monoxide and hydrogen, at & tem-
perature of from 150° w 350°C.

The present mvention is an improvement
in or modification of the process claimed in
the co-pending Applicarion Ne. 10728/50
(Serial No. 707.972).

As stated in the specificadon of Application
No. 10728/50 (Serial No. 707,972), there is
z relatively rapid fall in the activity of the
catalyst when the mofar ratic of carbon mon-
oxide to water vapour n the feed gas is
below 2.

Tt has now heen found, that for high,
averall yields of hydrocarbons and alcohols,
the molar ratio of carbon monoxide to water
vapour in the feed gas should not exceed 3.
The molar ratio of carbon monoxide 1o water
vapour in the feed gas is thus to be main-

TPrice 3s. 04.]

tained in the narrow range of from 2 to 3.
According o the present invention there-
fore, a process for the synthesis of hydro-
carbems and exygen-containing organic com-
pounds comprises contacting a mixmre of
carbon monoxide apd water vapour in which
the molar ratic CO/H,Q is within the limits
2:1 and 3:1, with a catalyst the main

metallic copstitnent of which is g metal of the

3th group of the pericdic system at a tem-
perarure within the range 150°—350°C. and
dt a pressure from normal atmospheric pres-
sure o about 100 atmospheres pange, the
catalyst heving previously been activawd at
a temperature in the range 150°—3350°C, by
treetment with carbon monexide and subse-

quently with hydrogen or by treatment with

a CO/H, mixtore.

If It is desired to produce pradominantly
hydrocarbons, it is advantageous to seleot the
upper Hmit, that it to say, & carbon monexide/
water vapour ratio of 3:1. Hawever, if it is
desired to produce predominanily alcohols, it
s mecessary fo use a synthesis mixture, the
carbon monoxide fwater vapour ratio of which
is Jess than 3:1. In additfon it is then adwis-
able to empley pressures exceeding 20 atmo-
sphepes, '

1f the mtio of the carbon monexide/water
vapour migrures used is Tess than 2: 1, that is
o say, is outside the stated Ihnis, for example
1:1, the yield will be considerably reduced
cven with a high CO-conversion and even
when, the CO/H,O mixwure is complerely
convertred.

Tt has also been found that, to obtain maxi~
mum yields, not only is it nocessary to keep
within the stated limits of the CO/H,OQ ratio
of the gtarting gas, but beyond this, it is only
within this range that fhe calalyst can operate
refiably. If the CO/ILO rado used is mare
than 3, that is to say, outside the limit, CO
being thus present in excess of the [imit, the
result after prolonged operaiion will be the
separation of carbon mnd the cbstruction and
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deactivation of the, catalyst. If the CO/H,O
ratio is less than 2, that is o say, if on the
other hand the ratio i5 less than the lower
limit according to the invention, water vapour
being thus present in excess of the limit, the
catalyst 15 destroyed or deactivated by oxida-

© tion by water vapour. It {5 thos necessary o

adjust the CO/FL0 tatio in the synhesis
mixture in such manner rhat the reduction
valug of the catalyst, or its comtents of matal
and compounds of memllic character—which
is of decisive importance for its activity—dis
not made less and that a determined carbon
comtent of the catalysr is mor exceeded, This
Is attained by adjusting the synthesis mixture
within the siated lmits.

The effect of the proportivn of water vapour
present in the carbon monoxide/water vaponr
mixtare on the oxidation cffect thereof, has
been examined in the presence of a carrier-
free, reduced Fe-Cu-alkal cataiyst. The Fe-
Cuo-catalyst uscd was free from carrler
materials and coptained 0.1 parts by weight
of copper and (.25 parts by weight of potas-
sium carbonate {or every 100 pats by weight
of iron. Ir was produced by precipiratng an
aqueous sclalion of Fe(NO,), and Cu(NO,),
containing 5% by weight of Fe, ar the bodl
with ihe stofchiometrical amomm: of sodinm
carbonate in aqueous solution, The precipi-
tated mizture was brought 1o the koil for a
short time (a few minuws), fileered and ihe
precipitate washed with 70 to 90 times the
amount of hoiling water (relatively to the
amount of iron). The residuc was then mede
into a paste with a lile water, thoronghly
mixed with an aqueous sofution of potassium
carbonate (0.25 parts by weight of K,CO, for
100 parts by weight of ¥e) and dricd ar
118°C,

Fur converting the catalyst into the active
state, CO was passed over the catalyst at
276°C, for 24 hours av a-space velocity of
100, und then, also for 24 hours, hydtogen at
the same {emyuerature, ar normal pressure and
moimal space velocity, The reduction value of
the catalyst, that Is to say, its content of
wetallic iron relatively to its total comtent of
iron, in its dopendence op the carbon

monexide/water vapour ratio in the starting

mizmre was determined each time after an
operuting period of 70 hours at 235°C. and a
space velocity of 100, The reduclion value of
the catalysr was taken as 2 measire of its
activity. When the reduction value falls, this
indicates an oxidation of the catalyst which
goes hand in hand with o reduction of irs
activity, as, in that case, the carbmm monogide
acilvation takes place only with compommds
having a metallic character. In these experi-
ments, the reduction value of the catalyst fell
to 8% fromn am original value of 73%, when
the carhon monoxide/water vapanr ratio was
3:3. Fven at g CO/H.O ratia 3:1,75, 2 con-
siderable ozidation was noticeable, the reduc-

tion value dropping to 649. Tt is only when
starting from proportions of water vapour of
Irom 1.5 per 3 paris by volume of carbon
monexide thar the reduction value was not
reduced and exidation does noi occur to any
substantial exient,

It has also been found that the quartity of
water required for the reaction with carbon
maonoxide cag be injected ini the reacdon
space in the liquid state. This process accord-
ing to the invention affords the great
advantage that the greater part of ilie rezcrion
Tieat evolved dmring the reaction between
carbon monoexide and water vapour is con-
sumed in the conversion of the water from
the fiquid state into the vapour state, that is
W say, may he dissipated from the syStemn in
the form of heat of vaperisation. )

- Though ir is known from the literaiure to
use lguid water for the dissipation of the
reactivn heat in various other syntheses, this
water does not participate in any way in the
synthesis, and in many cases constitutes a
hindrance to the desired reaction, In the pra-
<ess according to the invention, the utitisation
of the heat of vaporisation of a reaction com-
ponent for the dissipation of the reaction hear
is absolurely new and was not 1o be forcscen
in any way. According to the fuvearion, 2 con-
sidereble technical advantape is obtgined in
that the cooling devices resuired for the dissi-
pation of heat are whally or partly dispensed
with,

The injection fnto the rcaction space of the
amount of liquid water requived for the re-
action with carbon monoxide, may he effecied
In one operation or in determined amounty at
different positions of the rcaction space. It
is determined by the operating  conditions
provided 2t the {ime,

The invention is nor limited ro- one detcr-
mined mammer of carTying out the synthesis
from water vapour and carbon monoxide: It
may be used both with fixed-bed catalysts and
also in the liquid phase, that is o say, when
the catalyst is a finc suspension in a srtable
Lgnid medinm, such as a bydrocarbon oil,
and also in the so-called “ flujd-bed ¥ catalysis
in which the catalyst iy muintained iy suspcn-
sion In the gas-stream. It is ‘particularly
advantageous, however, to carty out the
synthesis according o the invention in Liguid
phase operation, -

The synthesis may be effected in oue or
mere stages; exit gases may alse be recycled
where necessary or desired. Carbon  diozide
preseng in the exit gases from the reaction
zone may be separated-from such gases and
be reduced- o carhon monoxide, and the
carbon monoxide s obtained may be used as
part of the-ges fed 1o the synthesis,

Hydrogen may slso be introduced - into the
reaction space in addition to the CO and H,O,
whereby synthesie products are produced by
the reaction of carbon mopoxide with hydro-
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gen simultanconsty with those produced by
the reaction of carbon monoxide with the
water VApour.

The metal of the 3th group in the catalyst
is preferably iron. It may, however, be another
of such metals, for example cobalt, nickel or
ruthenium, which are lnown to be effective
in the Pischer-I'ropsch synthesis. The catalyst
may conrain ope Or maore promoters selecred
from the following proups () to (&)1 —

{a) oxides, hydroxides, and saits of afkali-
metals and of alkaline carth mctals including
tagnesimm; .

{(b) oxides which are difficult to reduce,

such as thosium oxide and cerium oxide;

(c) aluminiom oxide and chromium sesqui-
oxide;

(d) compomnds of manganese, vanadium
and boron; and

(2) compounds of copper, nickel, silver and

1d.
gﬂ’l‘hc catalyst may also be supported on a
carrier such s Kieselguhr, dolomire, tale,
limestone, activated carbon and pumice.

The invention is illustrated in ihe two
following cxamples. Both examples Hlustrate
the formation of hydrocarbens; in Ezample 1

" the catalyst is used in a fived-bed and the

H,0 i3 fod into the reaction spucc in the
vapour state, whilst in Example 2 the catalyst
is wuspended in 2 Hquid phase and the H,O
is injected in the lguid srate ar two different
positions into the catalyst suspension.

EXAMPLE 1
The caralyst used was an Fe-Cu-Kelselguhr
catalyst, alkaliscd with potasshim carbonate
and containing 10 parts of magnesinm, 10
parts of copper, 60 parts of Kiesslpuhr and
2 parts of EK,CO, for 100 parts by weight of

CO/H,0 in the

fron. It was produced from an agqueous solu-
ton of Fe(NO,)., Mg(NO,), and Cu(NO,),
cotitaining 5% by weiglg of irom, after the
addition of 60 parts of Kieselguhz, by precipi-
tation at heiling temperatwe with the
stoichfomerrical quantity of sodium carbonate
in aqueous solution. The precipitated mixtire
way quickly brought to the bail, filtered, and
the precipitate washed with 70 to 90 times the
quantity of boiling water relatively w the
amount of iron. The residue was Immediately
afrerwards made info a pasic with a litte
water, thoroughly mixed with an aqusous sofu-
ton of potassivma carbonate (2 parts by weight
of K,CQO, for 160 parts by weight of Fe) and
dried at 110°C.

The catalyst must be activated before being
used. For this purpose, a CO/H, mixture
containing two volumes of hydropen for each
volume of carhon monoxide was passed over
the catalyst for 24 hours ar a temperature of
270°C, ar mormal pressurc und a2t a space
velocity of 100, that is w0 say, 100 normal
cubic metres of CO/H, mizame per cubic
metre of cataiyst space per hour, '

A carbon monoxide/water vapour mixture
in whick the molar rativ CO/H,O was 3:1,
and thereufter a similar mixture in which the
moalar ratioc was 1.15:1 was passed 2t a
pressure of 10 atmospheres over the catalyst
80 pre-rreated, The temperature was 230°C.
and the space wvelocity was 100, that is o
say, 100 cnbic metres of CO—ELO mivtome
per cubic metre of catalyst volame per hour.

The results of the twe runs are compared
in the following Tahle: —

Dependence of the hydrocarbon vield in the
synthesis from water vapour and carbon mon-
ox.icle on the CO/H.O ravio in the starting
mixture: :

Yield of hydro-
carhons, grams

CO-~conmversion CO/H,0 per normal euhic
synithesis mixture % by volume consumption metre CO
3:1 94.5 3:1 1853
1.15:1 93.5 1.15:1 95.1

When the CO conversion Is abour the same
and the CO—{,0 mixture is completely
worked up, the hydrocarbon vield #s reduced
from 185 grams o 95 grams, i the CO/H.O
rativ of the starting mixtare is decreased from
3:1t0 115: L

Examprr 2

Approximately 600 grams of a carricrfree
Fe-Cu-alkali catalyst, the composition and
preparation of which have been hereinbefore
described in connection with the examination
of the influence of the proportion of warer

present In the CO/water vaponr misture on
its oxidation effect, were ground in a ball-mill
into fine dust #nd suspended in approximately
4 kg. of Fischer-Tropsch oil boiling in the
ronge  300°-—=340°C. ¥or the actvation of
the catalyst, 400 litzes of CO were passed per
hour ar 4 zmmospheres and 270°C, Tor
approximately 20 hours through this camlyst-
oil suspensiom, which was contained in =
vertical reaction tube of abott 4 metres in
lengrh, afrer which 800 litres of hydrogen were
passed through the suspemsion for the same
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period mmder the same conditions of tempera-
ture and pressure. The tcmperamre of the
suspension. was then lowered to 240°C., and
CO was passed through the suspension at the
rate of 100 litres per hour uader a pressure
of 11 atmospheres, liquid water at 4 tempera-
tare of 30°C. being simultancously injected
into the reaction space at ithe rate of I8
grams of watcr for every three mals of carbon
menoxide, Two-thirds of the water was
injected ar the hottom and one-third in the
middle part of the reaction space. 94% of the
carhom moncxide reacted with the water thus
forming 189 grams of hydrocarbons per
normal cubic metre of carbon monoxide,

What we <laim is:=— )

1. A process for the syathesis of hydre-
carbons and oxypen-comtaining organic coni-
pounds, which comprises ¢éntacting a mizture

"of carbon monoxide and water vapouwr in

which the molar ratio CO/H,O is within the
limits 2:1 and 3:1, with a catalyst the main
meiallie constituent of which is a metal of the
8th group of the perfodic gystem af o tem-
perature within the range 130°--350°C. and
at a pressire from normal atmoespheric pres-
sure to zbout 100 atmospheres gauge, the
catalyst having previcusly been activated dt 2
temperature in the range 130°-330°C. by
twealmene with carbon monoxide and sabse-
quently with hydeogen or by trentment with a
CO/H. mixture.

2. A precess gccording to claim 1, in which
the molar matio CO/ILO in the feed is
approximately 3:1 to give a synthesis product
rich in hydrocarbons.

3. A '‘process according to claim 1, in which
the feed containg less than three volumes of
carbon munoxide per volume of water vapour
and the synthesis pressore excesds 20 atmo-
spheres, whereby a product rich in alcohols is
obtained.

4, A process accerding to any one of the
preceding claims, in-which the water vapoar
reacred” with the carbon monozide is intro-
duced inlw the reacton space in the Ygnid
state. . :

5. A process according te claim 4 in which
the water is fed into the resvlion space at
mare than one position,

6. A process sccording to smy onc of the
preceding clalms, in which the mixture of
carbon monoxide and water vapuur is cen-
tacted with the catalyst at a temperatgre
within the zange 180°—280°C. :

7. A process according to any one of the
preceding claims, in which the catalyst is
activated ar a temperatire within the range
230°—300°C. o

8. A process according to any ome of the
preceding claims, in which the- catalyst con-

talns one or more promorers selected from the
fotlowing groups; —

(u) vzides, hydroxides and salts of alkali-
metals and of alkaline earth metals
inchuding magnesium;
oxides which are difficult to reduce,
such as. thorfum oxide and cerium
oxide;

(¢) aluminium oxide and chromivm sesqui-

oxide; : .
© (d) compounds of manpganese, vanadium
- dnd horon; and o

() compounds of capper, nickel, silver

and gold.

9. A process according to any one of the
preceding claims, in which 2 carrier such as
Kieselgahir, dolomite, tale, lmestonc, actie
vated carbon and purnice, is incorporated with
the catalyst,

10. A process according to any one of the
preceding clalmy, in which the synthesis fs
carried out in twn or more stages.

‘11, A process according o any one of
claims 1 to 8, in which exit gases are recycled
to the reaclion wpace, ' :

12. A process according t any one of the
preceding ¢laims, in which the synthesis is
carried out with the catglyst suspended in 2
suitable liquid medfum,

13. A process according to any one of
claims 1 f0 11, in which the synthesis is
carried out with the catalyst in 2 finely divided
condition suspended in the synthesis pas.

14. A process aceording to sny 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 carbbn monaxide so obtained being fed to
the synrhesis. :

15. A process according to any one of the
preceding claims, in which the meral of the
8th group in the caealyst is fron. '

16. A process according to any ons of the
preceding claims, in which hydrogen s added
to the mixture of carbon monoxide and water
vapour whereby synthesis produces are pro-

O

-duced by the reaction of carbon monoxide

and hydrogen simultanconsly with those pro-
duced by the reaction of carbon monoxide and
weler vupour.

17. A pracesy for the synthesis of hydro-
carbony and ozygen-conraining organic com-
pounds, substantially as hereinbefore described
in Example 1 or Hxamiple 2.

18. Hydrocarbuns and  oxygen-cotiraining
organic compounds, whenever produced by the
process of ‘any preceding claim, -

EDWARD EVANS & CO,
14—38, High Holborn, Lundon, W.C.1,
- Agents for the Applicants,

Leamingion Epe: Printed for Her Majesty's Stationery Office, hy the Courier Press.—I1956.
Publizhed st The Putent Office, 25, Southampton Duildings, London, W.0.2, from which
copies may he phinined.
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