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Process for the Synthesis of Hydrocarbons

We, Hemwrior KorpErs GESELLSCHAFT
MIT DBESCHRAMETER HAFTONG, a German
Cormpany, of Mohkestrasse 29, Essen, Ger-
maay, do hereby declaze the invention, for
which we pray that a pakent may be granted
to us, and the method by which ir is to be
performed, to be particularly described in
and by the following statement: —

The present invention relates generally to
the production of hydrocarbons by the reac-
tion of carbon monoxide and hydrogen (syn-
thesis gas), or gas mixtures containing these
substances, in the presence of catalysts. The
invention concerns mare particularly a pro-
cess in which the catalyst is disposed in fized
fashion within a hydrocarbon oil (contact ofl)
or is suspended In fively divided form in
the contact oil.

The synthesis gas is passed through the
hydrocarbon oil in finely divided form, there
being formed by an excthermic reaction with
the assistance of the fixed or smspended cala-
Iysts, bydrocarbuns which partially dissolve
in the bydrocarbon oif and partislly form a
mixture of gas and vapours with the residuat
gas. When the reaction has ended, the hydro-
carbons formed are separated from the hydro-
carbon oil. L

The Liydrocarbon oil may form a [iquid
coluron dn the reaction chamber, chrough
which the synthesis gas is then passed so as
to come inte contact with the comtact sub~
stance situated in suspension or in fixed
fashion in the cil. A so-called internal re-
turn thent iakes- place, that is to say, the
oil moves upwards In the centre of the re-
action chamber and down again along the
walls. It has =lso been proposed ro puide
the contact oil from the bottom upwards
through a reaction chamber in a continuous
stream, in which case an exterpal circnic is
formed, in which the means for effecting the
circulation and any additiondl devices for
cooling avwd purifying the contact oil are
situated.

It has now been found thar the actual
synthesising operation ¢an be improved and

in parscular the nature of the hydrocarbons
produced may be more effectively jnfluenced
by providing within the reaction chamber 2
fized cooling arrangement with which the cir-
culating contact oil and the synthesis gas can
be broughr into comtace during their passage
through the reaction chamber,

In accordance with the invention, therefore,
the mechanically moved stream of contact oil
circulating after the separation of the as,
and the synthesis gas are introduced into the
réaction chamber below a cooling arrmpement
disposed therein,

Further experimenty have shown thar the
arrangement of the cooling means within the
reaction chamber affords, in addifon 1o the
a'fu_resaid advantages, further advan re-
siding in a more even distribution of the gas
in the contact ofl. It is known that g certain
volume of contact ol must be available for
the reaction of the synthesis gas. In the cxist-
ing reaction chambers provided for these pur-
poses, the contact oil has been situated in
wide but relatively low reaction vesscls, It
has mow been found thar a substantially
more uniform distribution of the gas in the
contact ol can be obtmined by employing,
with the same rado of volume of contact
oil to synthesis gas, a tower-like reaction
vessel of small diameter and correspondingly
grear height and effecting the cooling of the
contact oil or mixture of contact oil and gas
i the zeaction chamber in o number of stagas
in such manner that the mixiure of synthesis
gas and contact oil successively flows through
cooling stages ar increasing temperature. The
increased speed of flow of the synthesls gas
within the reaction chawber resulting from
the tower-like construction of the reactivm
chamber produees, as already stated, 2 more
mniform distribution of the gas in the contace
oil and a correspondingly higher reaction rate.
. A further advantage of the subdivision of
the cooling means provided within the ro-
action chambers into a number of separate
cooling stages resies in that the reacdon of
the synthesis gas is uniformly distributed over
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the entire height of the reaction tower or the
entire quantity of contact oil, Moreover, owing
to the fact tﬁat the individual cooling stages
have a temperature increasing from the
hottomy upwards, the reaction can be retarded
in the places where the concentration of car-
bon monoxide anmd hydrogen 45 highest,
namely in the lower part of the reaction
tower, by the application of low tempera-
mres. In accordance with the reduction of
the concentration of the peaction substances,

the temperature is then increased in the higher |
zones of the reaction tower, so that the eem- -

pletc reaction between the carbon monoxide
and the hydrogen, corresponding substanti-
ally to equilibrium, is obtained in the neigh-
bourhood of “the top™ of  the reactiom
tower.

The subdivision of the cooling means pro=
vided within the 'reaction chamber into a
numher of cocling stages independently fed
with cooling medium can be effected in
varicus ways. All the cooling stages may be
arranged one above the other within the same
tower. Alternatively, the reaction tower may
be subidivided into twe or more mii in
such mémner thar a circulation of contact off
takes place in each unit, the synthesis gas
flowing successively through the individual ye-
acrion, ¢hamhers. Ag least oine. jnternal cooling
means is then provided in association with
each of these reaction chambers, If the pro-
cess -is carried out in such an arrangement,
not only is it possible to maintain different
temperatures  in ‘the individusl reaction
chamber unirs, bur the concemtration of
catalyst therein wey elso bo Vared, Tt is
thus possible to vary rhe chemical nature
of the hydrocarbons prodaced within relatively
wide fimits by variation of the temperatnre
and the concentration of thc catalyst, so dhat
hydrocarbons may be obizined which it has
hitherto been impossible to produce by the
processes and arrangements hitherto hotmally
employed for the symhesis of hydrocatbons,
or which could net hitherto be  produced
in stfticlent qtzantmes by such processes and
arrmg&men’w

While a uniform dzsmbutmn of the gas

within the volume of contact ofl can be ob-
tained to a cermin extent by the subdivision
of the internal cooling means into a “rumber
of cooling stages and by the wwerdike con-
sirudon of fle reaction chamber in accard~
ance with the Tnvention, this distribution can
be further Improved by pmwﬂmrr for feeding

the synthesis gas t¢ the reaction chamber af

the lower end of the toweridlike reaction
chamber, one or a series of nozzles associated
with hquid nozzles for the wupply of the
contact oil, the latter being introduced in such
manner ‘that the speed of flow of ihe_ contact
ofl in’ the region of the gas inlet poims is
different from i.he speed of flow of the syn-
thesis gas passing into the liquid, and is mere

especially greater than the speed of the syb~
thesis gas.

Hitherto, ihe synthesis gas has been intro-
duced through ceramic filter plates or the
ke from below into the wnbroken column
of conract oil, and the contact oil escaping
at the top has been fed back i fhe bottom
independently thereof. If the comtact ail and
the synthesis gas are Introduced into the ze-
actionn chamber in the maoner proposed
accordsnce with the invention, the current of
gas leaving the nozzle apertures will be broken

-up or divided, immediately after leaving the

nozzles, into fine bubbles which are w.uformly
distributed through the liquid column, it hav-
g been found that such bubbles do 2ot tend
to fecombing mo form larger gas bubbles or
gas pockets,

- It is expedient at the same time so to
arrange the pump by which the contact vil
is circolated that it produces the pressure
necessary for the requn:ed nler speed of ihe
oil. If the catalyst is suspended in the com-
tact ofl, impeller pumps are particalarly suit-
able for this porpose becanse they have not
the property of centrifuging the specifically
heavier finely divided catalyat from the cop-
facy ofl.

In accordance with a further proposai of
the invention a branch stream of the synthesr
g2s or, if desired, other mases conwaining car-
bon nionoxide and hydrﬂgeu may be intro-
tliced dn finely divided form into the retum
pipe for the contact oil, preferably in the
direction of flow beyond the circulating pump,
for egample the impeller pump, in order
thuy to. counteract any excessive reduction of
the quantity of dissolved carbon monoxide
and hydrogen in the contact ofl, In this case,
regard must be bad do the fact that the re-
action taking place ap the._catalyst also takes
place in the zetwn pipe or. condenser, al-
though 2t lower spced them in the reaction
vessel Imself, eo that the quantity of carbon
monuxide snd hydrogen In the contact oil
may In some cases fall to 2 value ar which
the action of the catglyst 5 not ensured,
or {s not maintained at the required level.

It is fortheemore advantageons to provide
ti the reaciion chamber, means for preventing
at the upper end of the reaction chanber,
that is at the point 2r which the synthesis
gas and. the comtact ¢il are separated, deposi-
tion of comiact oil and esproially caralyst on
the walls, These means may reside, for ex-
dmple, in Introducing ar the uppar end of
the reaction chamber an additomal quamtity
of comtnet oil which umiformly washes the
walls of the reaction chamber and continnously
carries awny any deposits of catalyst,

In order to facilitate the separation of the
contact off and the gases dissolved therein

at the upper ‘end of the reaction chamber,

it is proposed in -accordance with the inven-
tion w reduce the speed of flow of the gas-
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oil mixture at the upper end of the reaction
tower in order thus to effect a general steady-
ing of the flow of liquid. This object may
be achieved by increasing that cross-scctional
area of the reaction chamber which is avail-
able for the How of liquid ar the upper end,
for example by increasing the diameter of the
tower in this region, or, with 2 contant dia-
mcter, by leaving the upper part of the re-
action tower free from imserted elements, for
example free from cooling tubes.

As has already been mentioned at the
beginning, a compatatively Iarge ratip of
height to diamewr is advantageous for the
dimensions of the tower-like reaction chamber,
becanse if this rativ is high, that Is to say,
if the rower is relatively slender, a particularly
favourable distribution of the synthesis pas
in the volume of conmtact oif is obtained. It
has been foumd that the ratio of height to
dismeter iy preferably chosco 2s aboue 10:1,
but higher and lower values may quite well
be chosen for the rade of height to dia-
meter.

The temperatures at which the process
according to the invention is carred out de~
pend upon . the catalyst. employed and also
upon the product which it is desired to
obtain by the synthesis, Moreover, the tem-~
peratire 1o be chosen depends upen the pres-
snrg fn the rcaction chamber. It has been
found thar favourable results have heen ob-
tained at temperatures below 280° C, i a
reaction pressure of abour 14—20 atm, is
chosen, but economically useful results can
be obtalned by varying t values in accord-
ance with the particular operating conditions,

The process in illustrated in the accom-
panying drawings.

Figure 1 is a vertical longitudinal section
throngh a reaction chamber constructed in
the manner of a tower having a towal of
four cooling stages,

Figure 2 shows a nozzle for the simul-
tancous introduction of synthesis gas and con-
ract oil into the reaction chamber shown in
Figure 1,

Figure 3 s a horizontal sectior through
the nozzle base of the reactlon tower flus-
trated in Figure 1, and

Figure 4 is a vertical section correspond-
ing 1o Figure 3.

The reaction tower consists, in accordance
with Figawre 1, of ac elongated cylindrical
vessel 1 of substzntially circular cross-section.
Situated at the base of the tower are a
number of nozzles 2, to which synibesis gas
is fed through the pipe 3 and o which con-
tact cil circolated by a pump 5 1s fed through
the pipe 4, Provided within the reaction
chamber 1 are four cooling devices 6, 7, 8
and 9, which preferably consist of vertical
tubes through  whick a suitable cooling
medint, for cxample warer fs passed. The
cooling medium is supplicd through the pipe

10 and thes flows through the cooling tubes
in the same direction as the mixtrre of con-
tact oil and synthesis gas Introduced at the
bottem. The cooling medium abserbs heat
from the exothermic reaction of the synthesis
gas fo form hydrocarboms, the said heat then
being discharged with the current of cooling
medium through the pipe 11, Part of the
cooling medium iy directly retwned into the
circuit through the pipc 12, while another
part of the heated cooling medium is fed
throngh the pipe 13 to an external cooling
device and thereafter re-introduced into ithe
conling medinm circuit. The mixture of con-
tact oil and synthesis gas is varied in i
composidon as it travels wpwards ' throngh
the contact tower 1, the hydrogen and carbon
monoxide dissppearing and hydrocarbons be-
ing produccd in their place, Provided at the
upper end of the contact tower Is 2 widenad
portion 14 in which a relatively steady flow
of liquid is mainmined, The vapours pro-
duced and the unreacted gases leave the re-
action tower by way of the pipe 15, while
the contact oil 1s withdrawn through the pipe
16 and is returned into the hottom of dhe
reaction tower by means of the circulation
pump 5.

Figure 2 is a vertcal longitudinal section
through 2 mozzle provided at the hase of the
contact tower, The synthesis gas flows from
the gas pipe 3 into the inmer nogzle tube
18, which merminates in a nagrowcd portion
17 serving to incresse the speed of the curzeny
of gas. The inner nowzzle mbe 18 is sur-
rounded by an outer nozzle tube 20, 1the
cross-section of which is considerably reduted
in the region of the mouth of the inner nozzie
tube 18 and is then widened again in the
manner of a Laval nogzle at 21, The con-
tact of] fiows ihrough the annular gap 22
berween the inmer mozzle tube 18 and the
Laval nozzle 21 at great speed and thus breaks
up the gas flowing through the fmer nozzle
tube 18 fnty extremely fine bubbles, which
are then uniformly distributed throughout the
:rolw;;ed o&m m}c'lac:h ofl, The contecy oil I
Upplied through the pipe 4, which i -
tolled by a valve 24 ipe % which s con

In Figures 3 and 4, the synthesis sas
flows throngh the pipe 3 inro the ymﬁnczr nozile
tubes 18, a valve 19 being provided to
ensure that synthesis gas i sipplied as equally
as possible to all the nozzles. If desired. the
said nozzles may also be employed to ,vary
i the required manner the distribution of the
synthesis JBas over the entire cross-section of
the reaction chamhgr. The contact oil passes
from ::he pipe 16 into the circulation pump
3, which is preferably constructed gs an jme
peller pump, The said cirenlation pump may
also receive fresh contact oil throwgh the pipe
3.5.' The contact oil passes from the circuia-
tion pump 5 by way of the pipe 4 and the
valves 26 iuto the annular gap between the
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inmer nozzle whe 18 and the outer nozzle
tube 20; the requircd difference being pro-

- duced between the speeds of the synthesie

10
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20
2
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35

gas and the circilating oil by suitably dimen-
sionitig. the cross-section of this anmnlar gap.
2 A coollng devica mot shown. here may be
provided in the return pipe 16.in association
with the cooling system or -systems
in the reaction chamber.. . - :
 The application of -the invention permits,
for example, of working up in a reaction
vesscl having a diameter of 1 m. and a height
of 13 m. more than 4,000 cm. of synthesis
aas per hour at a reactioh pressure .of 30
atm, S o

If it s desimsble or expedient to make the
reaction tower 1 shorter, it may, for example,

. be divided -ar the centre (fubstantially in the

region of the ¢hafi line} and the 1wo lalves
of the rower may be disposed- side-by-side;
in which case each helf musi naturally be
provided with -a so-called nozzle base, The
synthesis gas is then introdured inio the second
reaction unit after having passed through the
first unit and does mot leave the. installation
until it has alse Howed -completely througl

* the second umit. The contact oil itself may

also be maintained in ¢irenlation in the iwe
halves of the reaction chaniber, However, it
is cxpedient to provide in - association with
each reaction chamber mnit @ separate con-

" tact oil circult with the corresponding de~

vices,” becanse it is :possible in this manner
to maintain the cirgnlation of comtact . oi
separately for cach unit and to vary the con-
centration of the catalysy imdependently” in
cach of the reaction chamber wnirs.. .

In this case, it may zlso be expedient to

_ condense the liydrotarbon vapours formed in
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 the installation,

each mmit of the installation and to separate

off the condensed products before the syo-

thesis gas is introduced into-the nexy wnic-of

What we claim ist— - .
1. Process for the production of- fyydro-
carbons by the reaction of carbon monoxide

and hydrogen (syitthesis gas) in the presence -

of hydrocarbon synthesis catalysts arranged .m
fized. fashion or in suspension i 2 nydro-
catbosi il (contact ofl), wherein the synthesis
gas is. ftroduced at the bortom o a liquid
column formed by the contact oif moving
in the same direction as the gas, characterised
in that the mechanically moved stream of con~
tact oil circulating efter the separation of the
gases and vapours comprising hydrocarbon
products' and residusl gas, and the synthesis
gzs arz introduced into .the reaction chamber
below cooling means arranged therem.

2. Process according to claim 1, charac-
terisod: in that the cooling of the contact oft
is effected im a number of stages by the

" gooling - means provided within the reaction

chamber, in such manner that the mixture of
synthesis gas and contact ofl flows successively

simuated .

through cooling stdges-at incrensing empera-
e, . - SaLe vma = w

- 3. Process according to claim -2; charac-
terised in that-the oil-gas mixture is passed
fhrough cooling stages which arc arranged
consecutively with regard to the direction of

flow of the synthesis gas bur are arranged

structmrally side-by-side, . separate streams of
tontact bi{ i necessary having dfferent con-
centrations of catalyst, being maintained in
circolation in the individual resction charaber
units -corresponding to the cooling stages, und

the hydrocarbon vapours formed in each re--
-action chamber unit being condensed - and

separated off, if desired, before the synthesis
gas is introduced inte the next unit-

4, Process - according to claims 1 to 3,
characterised in that the confrct il is -intro-

70

75

30

duced at the Jowss end of the liquid column -

through one or more substantially efector-like
devices ar a higher speed than the synthesis

- gas entering at the bojtom, and 45 withdrawn

fram the top of the reaction-chamber, .
5. Process according 1o claims 1 to 4

characterised in that the contact oil iz cir-

culated by means of ¢ pump which produces

the pressure- necessary for -the

of introduction. - .

characteriséd.in that an impeller-pump. js-em-~

ployed. ~

g5

99 -

roquired speed .

6. Provess. according to clsfms 17to 5,

05

7. Process dcoording to claims 1 -’;é_ 6, :

charaeterised in- that a - branch stréam of

sjvnthesis: -Bas or the like s ntroduced in
finely divided form into the return pipe for
the contact oil. ; o

8. -Process according to claims 1 w 7,

characterised In that the speed of flow of the
mixnie of gas, vapours and cil is veduced at

the upper end of the reaction tower.
8. Apparatus for use jn the producton of

hydrocarhons by rhe reaction of cazbon mon--

100

105

oxide and hydrogen (symthesis gas) in the

-presencé of hydrocarbor synthesis  catalysts

and comprising "z reactiod “chamber through
which a_hydrpcarbon oil (contact oil) is ‘cir-
culated in the. form. of an_upwardly moving
stream or column, characterised by the pro-
vision -of cooling means disposed within the
-raacuun_cham’bgf and of means for introduc-
ing the synthesis gas and the contact oil,
after separation of the formed hydrocarbons
and residual gas, into the reaction chumber

“below said conilng means. - *

10, Apparatus ds claimed in ‘Clajim- 9,
wherela means are also provided for directing
an additionai siream of comtact oil onto e
walls “of the reaction chamber sbove the

.. Hyuid column for the purpose of washing said

walls to temove any deposits of comtact oil

and/or catalyst, Tt
11, Apparatus as -claimed. in Claim 9 or

10, wheiein thie regotion charilber is af werti-

" cal, dower-like and preferably cylindrical form

having a relasively high ratio _c,f height

118-
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diameter (about 10:1) and within which at arranged side by side, the synthesis gas being

least two cooling systems are arranged, ome camsed to flow successively through

above another, through which the contact oil chawbers.
flows successively for cooling in stages.
12, Apparatus as claimed in any of Claims

stronctmelly and functionally independent are

HERON ROGERS & CO.,

Agents for Applicants,
911, wherein at least two reaction chambers  Bridge House, 18] Queen Victoria Street,

Londen, EC4.

said

Leamington Spa: lrinted for Her Mu:j(xaty’s Stativuery Qffice, by the Courier Press.—1358.
Published ab The Patent (ffice, 25, Bouthampton Buildings, London, W.C.2, from which

enpies may be chisined,
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Cess .

fashion within a hydrocarbon oul (comtact ouy
or ig suspended i finely divided form in
the contact eil.

The synthesis gas is pasced through the
hydrocarbon oil in finely divided form, there
being farmed by an exotbermic rcaction with
the assistance of the fixed or suspended cam-
{ysts, hydrocarbons which partiz}lly dissolve
in the hydrocarbon oil and partially form a
mixture of pas and vapours with the residual
gas. When the reaction has ended, the hydro-
carbons formed are separated from the hydro-
carbon oft. ) o

The hydrocarbon oil may ferm a lquid
column in the reaction chamber, through
which the synthesis pas is then passed so as
o come into cuniact with the contact sub-
stance siwated in suspemsion or in fixed
fashion in the oil. A so-called internal re-
turn then (akes place, thar s o say. the
oil maves upwards in the centre of the re-
action chamber and down again along the
walls. Ir has also been proposed to guide
the contacy oil from the bottem upwards
throngh a reaction chamber in 2 continuous
stream, in which case an external circult 15
farmed, in which the means fur effecting rhe
circulation and any additionat devicss for
cooling amd purifving the conmct oil are
srtuated.

ir has now been found (hat the acual
synthesising operation can be improved and

TRl IVl LU giEvita, BH EsGrLen [U LU
aforcsaid advantages, further advantages ro-
siding in a more even distribution of the gas
in the contact oil. It is known that a certain
volume of contact oil must be available for
the reaction of the synthesis gas. In the exist-
ing reaction chambers provided for these pur
poses, the comtact oil has been situated in
wide but relarively low reaction vessels. It
has now beer Jound that a substantially
more uniform distribudon of the pas in the
contact ol can be obtained by employing,
with the same ratlo of volune of comtact
nil to synthesis gas, a wower-like reaction
vessel of small diameter and correspondingly
grear height and effecting the cooking of the
contact ol or mixture of contact oil and gas

in the reaction chamber iu a number of stages

in such manner thar the miziure of synrhesis
gas and contact oil successively flows through
couling stages ar increasing temperature. The
increased speed of fow of the synthesis gus
within the reaction chamber resulting from
the mower-like construction of the reaction
chamber produces, as already swured, a morc
wniform distribution of the gas in the contact
oil and 2 correspondingly higher reaction rate.

A further advamtage of the subdivision of
the cooling wmesns provided within the re-
action chambers into a number of separare
cooling stages resides in that the reacdom of
the synthiesis gas is uniformly distributed over
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