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COMPLETE SPECIFICATION.

Process and Apparatus for the Hydrogenation of Carbon-Monoxide,

We, Hromnrice Koreews (GESELLSCHAFT
MIT BISCHRANKTER HAFTUNG, of Molike-
strasse 29, Hssen, Germany, and RHEIN-
PREUSSEN ARTIENGESELLSCHAYT FUR BERG-
DAU UND CHEMi, of Homberg, Germany,
both Joint Stock Compagiss oroanised under
the laws of the German lederal Republic,
do herchby declare the invention. for which
we pray that a patenl may be granted {0 us,
and the method by which it is to be per-
formed, to be particularly described in and
by the following statement:

This invention relates to a method for
the hydrogenation of carhon monoxide and
also to- apparatus for carrying out this
method.

Carbon monoxide hydrogenation is effected
by bringing a gas mixture (synthesis gas)
containing carbon monoxide and hydrosen
inte contact with a finely divided catalyst
suspended in a suitable liquid, for example
a hydrocarbon oil, at elevated tempcratures
of between approximately 200 and 300° and
at high pressure of hetween approximatcly
5 and 50 atmosphetes, for the purpose of
forming mainly hydrocarbons. This method
is known by the name “liqnuid phase syn-
{hesis” in scientific literature.

In practice the synthesis pas is forced
from below info the column of liguid con-
tuining the suspended calalyst. The gas then
rises through the lignid in the form of
bubbles of a greater or lesscr degree of fine
ncss, the desired reactions cccurring in these
circomstances, Since these reactions are exo-
thermie, it must be ensured that the heat is
eliminated to an extent such that there is no
disturbing increase n temperature.

As long as the cross-sectional loading in
the column of liquid does not exceed a cet-
tain value in this liguid phase synthesis, the

[Price 4s. 6d.]

typical advantages of this method manifest
themselves fully. If, however, the foad ex-
ceeds approximately 25 working litres of gas
per squarc centimeter of reaction arez cross-
section, a deterioration of the reaction
oceurs, as has buen observed. Experiment
has shown that with considerablc gas loads
there is & downward movement of the liquid,
during which ¢ertain components of the
residusi gas, especially carbon dioxdde, which
are dissolved in the contact oil, pass into
the region of the supply of the synihesis gas.
There they effect a reduclion of the partial
prassure of the reaction sases, namsly carbon
monoxide and hydrogen, and this reduction
of the partial pressure rednecs the extent of
the reaction. This downward movement of
the liquid occurs because the bubbles of gas,
for example, in the middle of the cotumn,
entrain liquid in the upward direction, which
liquid then flows down aggin in the edpe
TCZions.

This movement of the fignid from top fo
bottom is difficult to control, Tt has already
been proposed to evoid such movement by
withdrawing the contact oil at the head of
the reaction chamber and returning it to the
cvcle at the bottom, so that thete is a co-
divectional flow of contact ofl and synthesis
gas inside the reaction chamber. Alfhough
it is possible in this way to make the move-
ment of the Hauid well-defined, # 18 mot
possible to avoid the disadvamiage of fe-
turning of, for example, carhon monoxide to
the inlet of the reaction chamber, urlcss the
gascs dissolved in the reeyeled contact oil
are removed by expansion or by other addi-
tional measures.

It is an object of the present invention to
provide 2 method for the hydrogenation of
carbon dioxide which avolds the above men.
tioned disadvantage, It is a further object
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of the present invention to provide apparatus
for carrying out such a method,

According to one aspect of the present in-
vention there is provided a method for the
hydrogenalion of carbon monoxide in which
a gascous mixinre of carbon monoxide and
hydrogen is passed successively through at
least two volumes of a saspension of hydro-
genation catalyst in a liquid conventionaily
used for catalyst susponsion in carbon mon-
oxidc hydrogenation processes, sach volume
being such as only o be capable of parti-
ally hydrogenaling the carbon dioxide in the
mixlure, and the residual gas mixture and
product of hydrogenation occurring in the
first of said two volumes are cqoled, prior to
passing them throueh said second volume,
to a temperature which is most favourable
to the optimun forther partial hydrogena-
tion occurring in said second volume of the
Suspension.

According to another aspect of fhe present
iuvention thers fs provided apparatus for
carrying out the process claimed and com-
prising a reaction vessel, at lcast one parti-

lion for dividing off the vessel into two cors-

partments which can be filed with Iiguid
confents of the wvessel fo conmstitute ‘two
volumes each with a2 free gas space gbove
them, means for passing a gas through one
volume so that it issues from the liguid
volume in one compariment inte the free gas
space thereahove, means for transferring the
jssued gas from said free gas space so that
it passes through the volume in the other
compariment and means for cooling said gas
s it is being so fransterred,

The invention also provides the afurcsaid
apparzius  when each compartment has
thersin as liquid volume a suspension of
hydrogenation calalyst in a liquid conven-
tionally nsed for catalyst suspension in car-
bon monoxide hydrogenation processes in a
volume sufficient fo leave a frec s space
in the compartment and only to hydrogenate
partially the carbon monoxide in a gaseous
mixtere of carbon monexide and hydrogen
passed therethrough.

By the method of the invention the exist-
ing methods of liguid phasc synthesis can
be obvirtcd by dividing up the amount of
hydrocarhon oil (contact ¢il) required for the
suspension of the catalyst into a number of
pariial amounts separated by the partitions
in the apparatus of the invention. The sya-
thesis gas. alter il has come info comtuct with
the first partial amammt of contact ¢il in the
form of small bubbles, is in the first instance
collected before being supplied,  together
withh a pari of the products formed during
the reuction, to a second or third or further
partial amomnts of contact oil. and is then
finally divided agsin, while by cooling to
elimiriale the teaction heat forming in it, each
partial amnount of contact oil is ndividually

kept at a temperature which is the most
Tavourable for the reaction of the synthesis
gas entering this partial amount of contact
oif a4t any time.

It is true that there is still a certain return
of residual synthesis gas within the partial
amounts of contact ©il in {he case of large
gas loads, but the disturbing inflnence of
ihese returned residual synthesis gases may
be made practically as small as desired if
the total amount of contaet oil is divided up
into a larger number of partial amounts.
The concenfration difference between the
2as enfyy to such a partal amount and the
gas discharge are then so smull that retorned
residual synthesis gases do mot produce a
disturbing reduction of the partial pressures
of carbon monoxide und hydrogen. Very
different methods may be employed to cool
the individual partial amounts. K Is pos
siblzs to provide cooling devices within the
partial amounts themselves, which devices
operate, for example, with the production of
useful steam, It Is also possible (o divert
the supply of liquid of such a partial amount
through an external cycle and provide a
cooling device in fhis external cycle. By
adjostment of the speed of circulation it is
alsa possible to ensure that the finely divided
catalyst is always satisfactorily held in sus-
pension and that no disturbing deposils
form.

The division of the total amount of contact
oil infe 2 number of partial amounts also
has the advantape that a different catalyst
conesntration cap be maintained within each
partial amoust, in order in this way to ob-
fain favourable adaptation of operating con-
ditions to the residual concentration of syn-
thesis gas al any given (ine.

Furiher featpres of the method and
apparatus of the present invention will
readily be appasent from the following des-
cription of a number of embodiments of
apparatuses for performing the method
according o the vention which are iflus-
trated in the zccompanying drawings, in
which:— :

Figure 1 shows an apparatus eraploying
external cooling, the cooling acting on a mix-
ture of contact oil and synthesis gas.

Fignre 2 likewise illusiraies an apparatus
employing external coofing, in which the
cooling is active only on the circulating
contact oil.

Figure 3 shows an apparatus with intemal
cooling.
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The reaciion vessel (Figurc 1) in which .

the reactions of the catbon monoxide with
the hydrogen to form hydrocarbons take
place is denoted by reference 1. This is
advaniageously a cylindriesl vessel which
has a sufficient resistance to pressure. The
reaction vessel has two conical intermediate
bottoms 2, the apexes of which are directed
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in the downward direction, The contact
ol is divided at the hottom of the reaction
vesscl and the other on the respeclive inter-
madiate bottoms 2. A suitable catalyst which
accelurates the hydrogenation regeticns s
Suspended in finely divided form in thig con-
tac oil, The fresh synihesis gas is taken
through the pipaline 4 tirough the heal ex-
changer 5, 'in which iy temperatuie  is
brought to the temporatyrs maosl [avourable
{or the reaction, by hear exchunge with hot
rasidual gas caming through the Pip 6. Fhe
syinhesis gas then Zowsg through the pipe 7
into a raixer 8. where it jg mixed with con-
fact o. which i3 wiihdrawn from the fe-
aclion vessel | through the pipe 9. The mix-
iure of contact olf and synificsis £as in which
the hydrogenation reaclions already begin
then passes into the cooler 10, which is so
arranged that it withdraws from iha miziuge
precisely the heat which was newly de-
veloped in conseguence o} the h ydrogenation
f2aclions. The cooling device is consirneied,
for example, as 4 stcam boiler, to which the
bofler fecd water js feg thiough the pipe 1L
aud from which the steam ganzrated 1s with-
drawn by way of the pipe 12. The mixture
of contact oil and synthesis 2as. the tem-
peratirs of which has pean regulated, then
passes tarough the pipe 12 inio the reaciion
vassel 1 and there it is introduced through a
spiay tube 14 into the sEppiy of contaei il
- present there. During the passage throngh

the vomtact oil, furtier hydrogemation ra-
actions oceur, so thal finally a certain per-
centage of the carbon monoxide and hydro-
gen originally contained in the synthasis gas
is consumed. The temperature of the Iowear-
mosl partial amount of contact off ig Tagi-
Tated in consequence of the fact that tic
steam withdrawal from the coaling device 13
is regulated with the aid of the regulating
valve 15, the position of which is dependent
on the iemperatore of the femperature sens-
ing means 18,

The syathesis gas which has aoi hesn eon-
sumed fn ths lowermost pariial amount of
contact oil rises into the free space 17 above
the same and then passes through the pipe
18 into the mixer 84, in wirich it I3 mixed
with the contact oil withdrawn through the
pipe Sa from the next highest partial amount.
There further reaction again takes place be-
Iween the active constituents of the synihiesis
£as, as already deseribed previously,

In the same way the residug] synthesis
5us escaping from the second amount of con.
tact oil iz in turp brought into contact with
the contact oil of the pext highest stags, the
procedure being exaclly the same as already
described previousiy.

The reaction mixmre consisting mainly of
the resulting hydrocarbons, curhon dioxide
and water vapour, and residgal amounis of

-0il ¢an he

carbon  monoxide and hydrogen, escapeg
through the pipe 20 from the Teaction vessel,
then passes mto a cooler 21, constructed as
a steanl generator. The feed water is fed ta
the cooler through the pipe 22, The steam ig
withdrawn through the pips 23 and combined
with the steam originabing from the other
coolers. The condensate accumulating in (he
cooler 21 is collected in a {ank 24 and passes
through the siphan Pipe 25 back inio the
Uppermost partial amount of comtag: oil
Th: remaining mixture of gas and vapouts
passes trough the pins 6 jnto the lizal cxe
changer 5 and is taken from there through a
pipe 26 into another cooling device, which
1= not shown here and in which the hydro-
carbons are sepurated from the other gaseaus
constituents of the mixture,

It Is iinportant that the liguict levels in the
individual partial amounte of cortact oil
should Be kept coustant, In the case of the
UPUennost varlisl amount of contact ofl,
this j¢ effecied by the fact that the liguid
leval indicator 27 acis on a Teguiating valve
28 which ragulates the cooling capacity of
the cooler 21, namely in such manner [hat
when the liguid level drops there i3 2 movs
intensive couling, that ig B say a preater
formation of condensate,

The liguid levels of the ofher lower par-
tial amonnts are kept comstant by the fact
that from the higher nariial amonnt contact
drainzd off into the next lowest
partial amount by means of {he lsvel in-
dicator 29 by way of valves 30, if there is
any drop in the liquid levet,

It is necessary from time to tims oy even -
continually to ntrodves fresh cantact oil into

the system and withdraw a corresponding 105

fraction of conswmed ofl, iy order that tha
activity of the catalyst suspension may Te-
main wnchanged, The supply of fresh cain-
Iyst suspension is effected through the pipe
31, the withdrawal through the pipe 32.

Tn the apparatus shown i Firnre 2, the
iresh synthesis pas is returned (o the heat
exchanger 5 by way of the pine 4, in order
in bring its temperature to the most favonr-
able value for the synthesis. The synthesis I
gas then passes through {he Pipe 40 ta 3
disiribitor pipe 41, info which the pipe 42
carrying the contact oil discharees, The re-
tion vessel 1 apain has two inlermediate
bottoms, but they are substantially level.
The contact oil ig withdrawn from each
nartial amonnt (hraneh the pine 43, then taken
through the cooler 44 and finally forced hy
the pump 45 inig the pipe 42. 1In this case,
thercfore, a mixture of confact oil and syn-
thesis gus enters the fowermost partial
amount from below, it being ensured that
the pipeline through which the mixtare flows
is as short as possible, in ordar that the exo-
thermic  hydrogenation reactions
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take place as far as possible only within a
velatively large liquid volume. With this
form of performance as well, regulation of
the cooling affect of the cooler 44 is effected
by means of the temperature of the partial
amount of contact oil, namely in this case
by way of a regulating valve 45 in the feed
water line 46.

Thz nen-converted synthesis gas is with-
drawn from the free space above the liquid
through the pipe 47 and iniroduced into the
cantact ofl siream, which is forced into the
next highest partial amount by means of the
puinp 454 This stream of ojl has heen
withdrawn n exuclly the same manmer &s
partial amount of contact oil through the
already described, from the pext highest
pipc 43z and regulated in respect of its lcm-
perature in a4 cooler 44a.  The process al-
ready described is repeated im exactly the
same manuer in the next highest pariial
amount. The mixiure, of gas and vapours
finally oscapss from the rection vessel
throngh the pipe 20, passes into tle cooler
21 and hence through the pipe 6 to the heat
exchanger 5. The condensate passes through
the condensate tank 24 and ithc siphon tube
25 back into the uppermost partial amount
of contact ofl. The liguid level of the vpper-
most partial amount is monitored hy means
of the level indicator 27. The latter simul-
taneously regutates the valve 48 in the feed
water line leading to the cooler 21. The
steamn formed in the cooler 21 is again waih-
drawn through the pipe 23 and com-
bined in manner not shown with the sicam
produced in the individual cooling devices.

Hetween the individual partial amounts are -

connecting lines 49, through which a certain
amount ©f contact oil from one partial
amount can pass into the lower partial
amount if the level reculator 50 operates a
regulating valve 51 accordingly,

Usad contact oil is removed from the
process through the pipe 52, Fresh contact
ofl is introduced into the cycle through the
pipe 53.

In the embodiment shown in Figure 3,
the cooling devices are disposed Imside the
reaction vessel. The reactiom vessel T has
two intermediatz boitoms, whiclh converce
conically in the downward direction but
which both have an opening 60 at the
hoitom. Bach partial amount of contact
oil is at a level such that ite surface passes
just into the region of the opening 60. ‘The
synthesis gas arrives through the pipe 4 by
way of 1he heat exchanger 5 and the pipa 61
and enters the fowermost partial amount of

contact oil from below and is disiribufed

there in-the formi of fine bubbles. Internals
62 ensure that there is thc most uniform
possible distribution of the gas bubbles over
the entire cross-section of the liguid. The

hydrogenation reactions taking place n the
contact oil gencrate heat which is. eliminated
immediately at the point of its development
by means of the cooling device 63. The
cooling device is constructed as a steam
eenerator in this case iov. Iis cooling capa-
city is adapted to the conditions al any given
time hy repulating the feed water supply by
means of the valve 64, The non-reacted
synthesis gas collects in the space 65 between
the surface of thc contact oil and the infer-
mediate botiom and is then forced through
the opening 80 into the next highest partial
amount, infimate mixture ¢f the synthesis
gus with fhe contact ofl taking place. The
distribution of the gas and the cooling of
ihs oil is in these circumstances effecied in
the samz way as already described. This
pracess may be repeated once more of. it
desired, a nwmnber of times.

The cooling of the mixture of gas and
vaponurs emerging from the reaction vessel
is effected in the same way as described in
connzetion with Figure 2.

In the above-described exemplified embodi-
ments, division of the contact oil into {hreg
partial amounts has been shown, This type
of division s in on way necessary however.
In some cases it will e sufficient to divide
the contact oil into two partial amawnts only,
while in other cases division inlo kowr or
more partial amounts will be preferable.

A characteristic [eature of the method
according to the invention is thal the sy~
thesls gas which has already passed through
contact oil is collected i a number of intcr-
mediate stages withoui separation of the
hydrecarbons which have formed in the
meantime, In this way. cooling and re-
lieating of the symthesis gas, which would
infiuence the sconomy of the complete pro-
cess, 1s avoided.

WHAT WH CLATM 18:—

1. A method for the hydrogenation of
carbon monoxide in which a gaseous mixture
of carbor monoxide and hydrogen is passed
successively through at least two volumes of
a suspension of hydrogenation catalyst in
a liquid conventinnaily used for catalysi sus-
pension in carbon monexide hydrogenation
processes, each volume being such as only to
be capable of partially hydrogenating the
carbon monoxide In the mixture and the
residoal pas mixture and product of hydro-
genation occurring in the first of said two
volumes arc cooled, prior to passing them
through said sccond volume, to a tempera-
tere which is most favourahle to the optimum
further partisl hydrogenation accarring in
said second volume of 1he suspension.

2. A method ag claimed in Claim | In
which said cooling occurs to such an extent
as to extract from suid residual gas mixture
and hydrogenation products substantially all

7a

=1
et}

&N

a0

100

104

110

115

120

125



830,656

4]

1)

20

40

50

60

85

the heat of reaction developed duiing the pax-
tial hydrogenation oceurring in the first of
said two volumes,

3. A meihod as claimed in Claim 1 or 2
in which prior to passage throvgh the first of
sail  hydrogenation catalyst suspension
volumes the gaseous mixture ig brought to
an initial temperature which is most favour-
able to optimum initia] partial hydrogenation
occurring in the said first volume.,

4. A meihod as claimed in Claim 3 in
which the gaseons mixturc is brought to said
imiial femperaturc by heating it with the
gas which issues from the final volome of
the hydrogenation catalyst suspension.

% A method as caimed in any of the
preceding claims in which the gaseous mix-
ture is passed successively through three or
more volumes of hydrogenation catalyst sus-
pension and of the residual pas mixture and
hydrogenation product issuing from cach
intermiediate partial hydrogenation stage Is
cooled to a temperature most favourable to
optimam partial hydrogenation in the next
partial hydrogenation stage.

6. A method as cluimed in any of the
preceding claims in which different con-
centrations of catalyst are maintained in the
different volumes of the suspension.

7. A method as claimed in any of the
preceding claims in which a stream of sus-
pession is continuously withdrawn from and
injected back into a volume of suspemsion
and the gaseous mixture to be hydrogenated
by the said volume is injected into and sus-
pension stream, cooling being, performed on

. said withdrawn siream.

8. A method us claimed in Claim 7 in
which said stream is withdrawn from the
bottom of said volume and injected hack into
said volorhe near the said bottom.

9. A method as claimed in Claim 8 in
which cooling of said volume iIs carried ont
after injecting the gaseous mixiure into the
withdrawn stream.

10. A melhod as claimed in Claim 7 in
which said stream is withdrawn from the tap
of said volume and injected back into said
volume at the boitom thareof

11. A method as claimed in Claim 10
in which cooling of said volume is carricd
out before injecting the gaseous mixture into
the withdrawn stream, '

12. A method as claimed iz any of
Claims 7 to 11 in which the volumes of sus-
pension are nor-contiguous and a gas space
exists above ¢ach volume and the gaseous
mixture and product of hydrogenation to he
passcd 1o the next volume is withdrawn from
this gas space,

13,
which the volumes of suspension are main-
tained snbstantially equal by fransferring of
suspension from one volume tn another in
response to variations in the interface be-

A method as claimed in Claim 12 in .

tween the suspension and gag space above it.

14. A method as claimed in any one of
Claims 7 to 14 in which loss of a catalyst
suspension volume dnring processing is made
good by addition of fresh suspension into
the withdzawn, seream.

13, A method as claimed in any one of

Claims 1 to 6 in which cooling is performed
within each volume of catalysl suspension,
. 16, A methed as claimed in Claim 15
in which a part of cach volume of calalyst
suspension is contignous with a part of an-
other volume with o free gas space existing
between non-contiguous parts of consecutive
volumes, the paseous mixiure and product
ol hydrogenation issuing from one volume
inta said free gas spacs forcing itself from
one volume to the next through the con-
tignous parts of said volumes.

17. A mcthod for the hydrogenstion of
carbon monoxide as claimed in Claim 1 and
suhstantially as hercin desctibed.

18, The hydrogenation products of car-
bon monoxide when obtained by the method
claimed in any of ihe preceding claims.

19.  Apparatus for carrying ont the pro-
cess claimed in Claim 1 and comprising a
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reaction vessel, at lsast onc partition for .

dividing off the vessel into two compart-
ments which can be filled with Hquid con-
tents of the vessel to conmsiitute two vol-
umes each with a free gas space above them,
Means for passing a gas throngh one volume
so that ft 1ssumes from the liguid volume in
one compartment into the free oas space
thereabove, means for transferring the issued
gas from said free gas space so that it passes
throngh the volume in the other compart-
ment and means for cooling said gas as it is
being so transferred.

20. Apparatus as claimed in Claim 19,
each compartment having therein as liquid
volume a suspension of hydrogenation cata-
lyst in a lignid conventionally used for cata-
lyst syspension in carbon monoxide hydro-
genation processes in 2 volume sufficient to
leave a free yas space in the compartment
and only to hydrogenate partiaily the car-
bon manoxide in a gaseous mixture of car-
bon monoxide and hydrogen passed thers-
through,

21, Appaextos as claimed in Claim 19 or
20 in which the reaction vessel is fitied with
g conduit fhrowgh which liguid from a
Hquid volume is arranged to be drawn and
passed back info said velume, a pump for
5o passing said Hquid from said volume
through said conduil and means for inject-
ing the gas imo said condpit.

22, Apparatus as claimed in Claim 22

in which said conduit is also fitted with a
cooler constituiing the means for cooling

the gas injected info the conduit.
Apparatus as claimed in Claim 21
or 22 in which a partition and algo the bot

100

110

115

120

125

136



930,656

16

15

tom of the reaction vessel is conically dished
and the conduit is positioned so ihat liqnid
i8 withdrawn from the volume at the apex
of the cone and injected back fnto {he volume
just ahove the apex of the cons.

24, Apparatus as claimed in Claim 21
or 22 in which a partition and also the bot-
tom of the reaction vesse! is undished and
the conduit is positioned so that liquid is
withdrawn from the volume nesr the sur-
tace thereof and injected back info the wvol-
mme at the bottom thereaf.

25. Apparatus as claimed in Claim 19
or 20 in which e partition iz so formed as
1o allow consecutive volumes fo be contizu-
cus and the vessel has coolers so Iocated
therein that each volume of liguid is cooled
by a cooler.

26. Apparatos as claimed in Claim 25
in which a partition is conically dished but
has an aperture at the apex of the conc,
which aperture is so positioned as to be co-
fncident with the interface between a Hauid
volume and its free air space which cm-
circles the cone.

27. Apparatus as claimed in Claim 19
and 20 and substantially as herein described
with reference to the accompanying draw-
ings.
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