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COMPLETE SPECIFICATION
Process for the Catalytic Hydrogenation of Carbon Monoxide

We, RURRCHEMIE AKTIENGESELLSCIAFY, of
Oberhaunsen-Holten, Germany, a German
Company, and LuRet GESELLSCHAFT FUER
WarRMETECHNIK. mM.EH., of Frankfuct o

5 Main, Germany, a German Company, do
hereby declere the invention, for which we
pray that a patent may be granted to us, and
the method by which it is to be performed,
to be partcaledy. desceibed in and by the
following starement:—
The invention relates to a process for fhe
culalyiic hydrogenation of carbon menoxide.
The catalytic hydrogenation of carbon mon-
oxide is well known. In such a process, a
15 synthesis gas containing carbon monoxide {or
example, a synthesis gas conraining carbon
monoxide amd hydrogen is conmacted under
gynthesis conditions. of remperatuze and pres-
sure with a cotalyst effective for the hydro-
20 penation of cerbon monowide, The synthesis
products cbtained, which may, for example,
consist predominanily of hydrocarbons or of
hydrocarbons and ozygen-Conkong OLganic
compounds, ave then recovered. The scveral
25 synthesis conditdons, hiciuding the verious
catalysts which may be used, the preparation
of the catalysts, the composition of the sym-
thesis gas, the synthesis conditions of rempera-
ture and pressure, and the like, are well knowm
30 and have been repsatedly described in the
literature, .

It is known, in the catalytic hydrogenation
of carbon monoxide, to recycle a portion of
the gas leaving the synthesis reactor back o

3% the reactor for conversion, after more or less
extensive seperation of the syuthesis products
from such recycle gas and affor admixiuee with
fresh syathesis gas. Ik is also knowm in
“recycle synrhescs ™ of this ¥ind to remove

40 the carbon dioxide from the gas which is to
be recycled, since the carbon dioxide cffects
an undesitable dilution, of the synthesis gases.
By removing carbon divside [rom the recycle
203, the rate of conversion can be jncreased.

45 This method of operation, however, has the
disadvaniage that large quantities of gas must
he treated by means of Hyuids effective for the
absorption of the carbon dioxide,

10

It is an object of the invention fo obtain
high rates of conversion in the catalytic hydro- 50
genatien. of carbon monoxide with recycling
of exit gas from the synthesis reactor.

It bas now been found, according to the
invention, that high conversion rates may be
obrained in the camlytic hydrogenation of 55
carbon monoxide with camalysis by means of
which ‘CO, is formed as a by-prodoct of the
synthesis and with the known recycling of exit
gas fromn the synthesis reactor, if the gas o
be secveled is divided into two sitrcams, ome &0
of svhich is returned to the synthesis reactror
without temeval therefrom of ire content of

‘carbon diczide, whilst the carbon dioxide fs

removed as Tar as possible from the other
sttcam which is then combincd with the g5
incoming fresh synthesis gas.

The part-streem of exit gases from the
rcactor which is oecycled without removal
theérefrom of its content of carbon diozide is
reeycled after condensation of the synthesis 7q
products but prior to the fingl oil scrobhbing,
low temperature cooling or active carbon
treatruent, and is hereinafter referred to as
“ roeycle gas 17, whilst the ether part-stream
which is recycled after separation of the syn- g5
thesis products and the removal of carbon
dioxﬁe, Is hereinafter referred to as “ recycle
gﬂs 33'

1= volumes of recycle gas 1 may be used
per volume of fresh synthesis gas, whilst as gg
wmeh as 15 volumes of recycde gas I froed
from carbon diozide are used per volume of
fresh synibesls gas. Pecycle gas II is prefec-
ably vscd in an amounnr of 0.3—0.9 volumes
per volume of frash synthesis gas. The carbon gs
dioxide contained in recycle zas II is removed
as far as possible, ag loasr to 2 residual content
of 1-—3% by velume by washing rhe gas with
water under pressure or with soitable absorb-
g soluticas. 90

Two metheds of operation according o the -
invention are illustrated in the flow diagrams
shown In Figures 1 and 2 of the accompany-
ing drawings.

In the mcthod illustrated in Figure 1, fresh 98
syntliesis gas is passed through conduit 1 to
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a synthesis reactor 2, The composition of the
syothesis gas, construction of the synthesis
reactor, tie catalyst contained therein, and all
of the synihesis conditons of temperature,
8 pressure, toroughput, and the like, are wel
ﬁmwn in the art.  Any carbun monexide and
hydrogen-containing gas which s suitable for
the caralytic hydrogenation of carbon mon-
oxide may be nsed as synthesis gas for the

10 process of the invention, OF particular advaa-
tage is the use of gases which are, for example,
obtained by pressure gasification of carbon-
aceous muterials with the use of oxygen. Gases
which have been produved by the cracking of

15 hydvocarbons may alse be used. |

Any operational method known for the
catalysic hydrogenation of carbon mesnoxide
may be used for catulytically reacting these
synthesis gases. It is possible Yo operate with

20 fined-bed cutulysts with fuidized catalysts,
with catalysts, which are suspended in liguids,
or with catalysts which are moved contimu-
ously dowrmwardly through the synthesis zone.

The hydrogen to carbon monoxide ratio in

25 the synthesis gas may vary within wide Limirs;
thus it 35 possibls to use synihesis gases which
contain frem G.7 to 3 volumcs of hydrogen
per. volume of carbon monoside. The tem-
peratnre used in the synthesis zone may lie

30 between 170° €. and 350° C, the preferred
remperature range being 200°—280" G, The
gas pressure in ihe synthesis zone rmay lic
berwaen 5 and 100 kg fsq. con. and is prefer-
ably within the range 10—40 kg./sq. cm.

35  After passage through the synthesis reactor
2, the hot exit gas from the reacror is passed
via conduit 3 through a Leat éxchanger 4 of
known constraction and thereafter condensa-
tion of the synthesis products is efected in

. %0 known manner in a condemser 5. After
passage through the condemser 3, a part
(recycla gas I} of the clluent gas from the syn-
thesis reacror is recycled via conduits 6 and 7
through the heat exchanger 4, where it is

45 hearad by heat-exchange with the hot exit gas
from the reactor, and thercalier passed back
for admixmure with rhe fresh synthesis gas
stream fed into the synthesis reactor 2 through
the conduic L. The remainder of the gas from

50 the condenser 3 passes to an oil scrubbing tnit
8 or similar device which is suitzble for the
scpurstion of the synthesis producrs  still
presen: therein. The gas Is withdrawn from
the unit 8 throtigh 2 conduit 9 and a part of

58 the gas is withdrawn from the system as fail
gas through a conduit 10. The remainder of
the gas, constituting recyels gus 1L, is pagsed
t0 a carbon diozide scrubbing unit 11 of
kmown construction, wherein the carbon

60 dioxide is removed by scrubbing with a known
absorbing solution or with water umler pres-
sure. After passage throngh the carbop di-
oxide scrubber, the recyele gas IT which
is practically free from carbon dioxide, Is

. 65 recycled through conduit 12 [ur admizture

with the fresh synthesis gas being fed ro the
synthesis reactor through conduit 1. The two
gas streams, reeycle gas T and recycle gas I,
are conveyed in known manner by recycle
compressors 13 and 14 in lines 7 and 12, 70

In the (ow diagram shown in Figure 2,
wherein the same reference numerals, with the
addition of the suffix ¢, designate the same
parts of the plane as in Figure 1, the recycle

s If in condeit 12¢, which has been exten~ 75
sively freed from its carbon diexide content,
is admixed with the cold, fresh synthesis gas
in conduit lg, and this mixture is admixed
with the recycle gas [ being recycled through
conduit 7a disposed befere the ofl scrubbing 80
unit 82, The combined gases are then passed
through the hear exchanger 4¢ in indirect heat
exchange contact with the hot exit gases from
the synthesis reactor 2a.

The usual forms of apparatus which are 85
nsed on an industrial scale and which are
known per se, may bc used for carrying out
the process of the inventon. The synthesis
raactors used mey be tubular reacrors in which
the catalysts is disposed In the tubes, or 90
lutnellar teactors in which the catalyst is dis-
posed between walls of sheet metal through
which cooling tubes pass at right £8
thereto.  If the catalyst is provided in tubes,
the vuter walls of the mbes are cooled by cool- 95
ing media. The fixed-bed catalysts may also
be disposed between vertical tubes with the
cooling media flowing threugh the nterior of
the tubes., Tor carrying our the process of
the invention with a fluidived bed of catalyst, 10
the apparatus wsual in ihe arf are used.

The separation of the synthesis products is
effected In a manner known in the hydrogena-
tivn of carbon monozide. High boiling syn-
thosis products may be separated directly in 10
the liquid form upon leaving the synthesis
reactor. ITfurther synthesis products arc sub-
sequently separated from the pgases in the
figuid state in g heat exchanger at 90°--120°
C. and in a pas cooler, downstream of the heat 1
gachanger at 20° C. w 45" & The last
C,—C, hydrocarbons still contained in the
exit gases may be sepurated by means of a
serubbing liquid, for example, in an oil scrub-
bing unit, or in an absorption mit, such, for 11
examplc, as an active carbon unit,

The invention is Hlnsrated by the following
examaple s —

ExamvLE

Use was made of a1 catalyst which contained 124
100G parts by weight Fe, 25 parts by weight
Cu, 5 parts by weight KO and 25 parts by
weight 8i0.. This casalysr had been reduced
for 30 minutes at 180° C. with hydrogen at
a gas flow velocity of 1.5 cm,/second in such 1
a matner thar 23 of the iron was present in
the metallic form, and the catalyst was used
in synthesis In 4 known Kkind of mmbular
reactor. ‘Lhe synthesis gas temperaiire was
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220° C. and the gay pressure was 20 atmo-
spheres. "The H,:CO ratio in the fresh syn-

" thesis gas was 1.68. The quantity of tail gas

U
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removed from-the cycle was gbout 15%, based

Freshgas - - - - - = -«
(Gas entering the resctor -

Gas recirculated after (OO, scrubbing unit
Mixturc of CO,—free recycle gas and fresh

simthesis gas -
Tail gag =~ - -~ -~ - -~ =

The flow of the individnal gas streams was
as illustrated in Figure 2. The synthesis pro-
ducts were passed in gaseous form from the
synthesis reactor Za into the beat exchanger
4a where thoy were cooled to about 120° C.
by indirect hear exchange with the feed gas,
The covled synthesis products then passed to
the condenser Se¢ whercin they were fmther
cooled to about 33° C. by indirect heat
exchange with water. The lquefied products
were removed from the condenser e pad part
of the residnal CO,—coniaining gas was
recycled fhrough line 7 as recycle gas I, ‘The
remainder of the residual gas was then passed
threugh the ofl scrubbing unit 8« and the exit
gas from the unit 8¢ was divided into two
strecums, one siteam being removed from the
system through the line 10z and the other
stremn  being  passed through the CO—
scrubber 1la and then recycled, as recycle gas
11, for admixture with the fresh synthesis gas
fed in through the line 1z and with recycla
gas L

The tail gas {recycle gas I) recycled through '

conduit 7¢ constimted about 250%, by volume
of the fresh symthesis gas, whilst the volume
of the CO,—dree gas (recycle gas b} recycled
through conduit 12¢ was about 30%, of thar
of the fresh feed gas. The gas removed from
the system through conduit 102 constitmied
about 15% by volume of the fresh synthesis
as.
& The composition of the synthesis product
was as follows:— )
5% of oxygen-containing organic com-
pounds;
14% ol Cy—C, hydrocarbons;
16% of a benzine fraction (boiling range
30°—180° C.);
169 of a diesel oil fraction (hoiling range
180°—320° C.);
20%, of a hydrocarbon fraction boiling in
the range 320°—460° {1
29%, of a hydrocarbon fraction boiling
above 450° C.
Thus 49% of the toral synthesis product
had a boiling point of not less than 320° C.
By the provess in accordance with the
invention, there ocenrs ne change in the load-
g of the catalyst and, as indicated by the
fieures given above, & conversion of as Iugh as

o fhe volyme of fresh synthesis gas, and fhe 3
CO+H, conversionn was 39,0%.

The composition of the individual gas
strcams was as follows:—

Volume O{{2.
o, GH. CO H, CH, N,
L3 — 359 605 — 1.8
85 0.5 245 489 84 92
0.1 0.6 236 5303 114 140
1.4 0.2 327 576 33 48
120 02 220 401 81 116

S0%, or more iz obtmined.

What we claim i5:—

1 A process for the synthesis of hydro- 70
cerbons by the hydrogenation of carbon mon-
oxide in the presence of a caralyst which yields
carbon diozide as a Ly-product of the syn-
thesis, which comprises recycling a part of the
exit gases from the synthesis reactor, dividing 75
the recycled gus into two streams, recycling
one of the streams withour removing there-
from its content of carbon dioxide, and remov-
ing the carbon diozide from the other stream
before recycling it to the reactor. 80

2. A process according to (laim 1, in which
the recycled stream from which the carbon
diexide is removed is mixed with incoming
fresh synthesis gas and the mixture is added
to the gas stream recycled without carbon 83
dioxide removal, the whole mixture being
passed] in heat cxchange with the exit pases
from the synthesis reactor before being fed
into the reactot. .

3. A process according to Claim I or Claim 90
Z, in which that stream from which the carbon
dioxide has not been removed, Is recycled o
the synithests without separating therefrom the
low ‘boiling bydrocarbons still  contained
therein.

4., A process according 1o any one of Claims
1 to 3, in which that stream Eom which the
carbon dioxide is romoved, is weared for the
removal of its content of low boiling synthesis
produets prior to the removal of its content of 10
carbon dioxide,

"5, A process according to Claim 4, In which
the low boeiling synthesis products arc removed
from, he gas stream by scrubling the gas with
oil, or subjecting the gas to a low temperature 10%
treatment or to a treatment with active
carbon. :

é. A process for the catalytic hydrogenation
of carbon monoxide, substentaily asg;nerein-
before described. 110

7. A procesg for the catalytic hydrogenation
of carbon monoxide, substantially as herein-
before described with reference to Fignre 1 or
Figure 2. _

8. A process for the catalytic hydrogenation 115
of carbon monoxide, substantially as herefn-

before  described  with  veference to the
example.

95
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9. Hydrocarbons and oxygen-containing . EDWARD EVANS & CO.,
vrganic compounds whenever obtained by the 53—64, Chancery Lane, London, W.C.2,
ptocess claimed in any preceding claim. Agents for the Applicants.

Legmington Spa: Printed for Her Majesty’s Stattonery Office, by the Courler Press—1957,
Published at the Patent Office, 25, Southampfon Buildings, London, W.C.2, from which
copies may be obiained.
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2 SHEETS This drawing Is ¢ reproduction of
the Original on @ reduced scale
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