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. The present invention relates generally to the produc-
tion of hydrocarbons by the reaction of carbon monoxide

and hydrogen (synthesis gas), or gas mixtures containing
“these substances, in the presence of catalysts. Theé in-

vention concerns more particularly a process in which the
_catalyst is disposed in fixed fashion within a hydrocarbon

oil or contact oil or is suspended in finely divided form
in the contact oil

.‘ The synthesis gas is passed through the hydrocarbon oil
in finely divided form, resulting in an exothermic reaction

and, with the assistance of the fixed or suspended catalysts,

hydrocarbons which partially dissolve in the hydrocarbon
oil and which partially form a mixfure of gas and vapors
with the residual gas are formed. When the reaction
has ended; the hydrocarbons formed are separated from

“the hydrocarbon oil. )
‘ ,Th_e, hydrocarbon oil forms a_liquid column in the:
reaction chamber, ‘through which the synthesis gas is

passed so as to come into contact with the contact cat-
alyst situated in suspension or in fixed fashion in the oil.
A’ so-called internal return then takes place, that is to
say, the oil moves upwards in the center of the reaction

" ¢hamber and down again along the walls. It has also

been proposed to gunide the contact oil from the -bottom
upwardly through a reaction chamber in’ a continuous

“stream, in which- case’ an external circuit is formed, in

which the means for effecting the circulation and any ad-

ditional devices for cooling and purifying the contact oil’

are situated. .

_It has'now been found that the actual synthesis oper-
ation can be improved, and in particular the nature of
the hydrocarbons ‘produced may be more effectively in-
fluenced, by providing within the reaction chamber a fixed
cooling .arrangement with which' the circulating contact
oil and the synthesis gas can be brought into contact dur-
ing their passage through the reaction chamber. .

In accordance with- the invention, therefore, the: me-

chanically moved-stream of contact oil, circulating after
.the separation of the gas, and the synthesis gas are intro-

duced into the reaction chamber below a cooling arrange-
ment disposed therein. :
Further, experiments have shown that the arrangement
of the cooling means within the reaction chamber affords,
in addition to. the aforesaid advantages, further advan-
tages residing 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 syn-
thesis gas. . In. the existing reaction chambers provided
for these purposes, the contact oil has been used in wide
and relatively low reaction vessels.” It has' now been

+found that a substantially more uniform distribution of

the gas in the contact oil can be obtained by ‘employing,
with the same ratio of volume of contact oil to synthesis
gas, a tower-like reaction vessel of small diameter and
correspondingly great height, and effecting the cooling of

*.the contact oil, or mixture of contact oil and gas, in the

reaction’ chamber in a number of stages. in' such’ manner
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that the mixture of synthesis gas: and-contact oil succes-:

- of catalyst therein may also be varied.

2

sively flows through cooling stages at increasing temper-
ature. The increased speed of flow of the synthesis gas
within the reaction chamber resulfing from the tower-like

. construction of the reaction chamber produces, as already
- stated, a more uniform distribution of the gas in the con-

tact oil and a correspondingly higher reaction rate.

A further advantage of the subdivision. of the cooling
means provided within the reaction chambers into a num-
ber ‘of separate cooling stages resides in that the. reaction
of the synthesis gas is uniformly distributed over the en-
tire height of the reaction tower of the entire quantity of
contact oil. -Moreover, owing to the fact that the indi-
vidual cooling stages have a temperature increasing from
the bottom upwards, the reaction can be retarded in the

-places- where. the comncentration of carbon monoxide and

hydrogen is highest, namely in the lower part of the re-

. action tower, by the application of low temperatures.
_In accordance with the reduction of the concentration of

the reaction substances, the temperature is then increased
in the higher zones of the reacting tower, so that the
complete reaction between the carbon monoxide and the
hydrogen corresponding substantially to: equilibrium, is
obtained in the neighborhood of the top of the reaction
tower.

The subdivision of the cooling means provided within
the reaction chamber into a number of cooling stages in-
dependently fed with cooling medium can be effected in
various ways. = All the cooling stages may. be arranged
one above the other within the same tower. Alterna-
tively, the reaction tower may be subdivided into two or

‘more ‘units in such manner that a circulation of contact
- oil takes place in each unit, the synthesis gas flowing suc-
-cessively through the-individual reaction chambers.
.least one internal cooling means is then provided in as-
35

At

sociation. with ‘each of these reaction chambers. If the
process is carried out in such an arrangement, not only
is it possible to maintain -different temperatures in the
individual reaction chamber units, but the concentration
1t is thus possible
to vary the chemical nature of the hydrocarbons produced

‘within relatively wide limits by variation of the temper-

ature and the concentration of the catalyst, so that hydro-
carbons may be obtained which it has hitherto been im-
possible to produce by the processes and arrangements
hitherto normally’ employed for the synthesis of hydro-
carbons, or which could not hitherto be produced in suffi-
cient quantities by such processes and arrangements.
While ‘a uniform distribution of the gas within the.vol-
ume of contact oil:.can be obtained to a certain extent by
the subdivision of the internal cooling means into a num-

of the reaction chamber in accordance with the invention,
this ‘distribution can be further improved by providing for

‘feeding the synthesis gas to the reaction chamber at the

lower end of the tower-like reaction chamber, one or a
series of nozzles associated” with liquid: nozzles for the
supply of the contact oil, the latter béing introduced in
such manner that the speed of flow of the contact oil in
the region of the gas inlet points is different from the
speed of flow of the synthesis gas. passing into the liquid,
and is more especially greater than the speed-of the syn-
thesis gas. : :

Heretofore, the synthesis gas has been introduced
through' ceramic filter plates or the like from below into
the unbroken columa of contact oil, and the contact oil
-escaping at the top has been fed back at the bottom in-

- dependently thereof. If the contact oil and the synthesis

gas are introduced into the reaction chamber in the man-
ner proposed in accordance 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 uniformly distributed through the liquid
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column, it having been found that such bubbles do not
tend to recombine to form -larger gas bubbles or gas
pockets.

It is expedjent at the same time so to arrange the
pump: by ‘which the contact:oil is circulated-that it pro-
duces the pressure necessary for-the required: inlet speed
of the oil. " If the-catalyst is suspended in-the contact
-0il, - impeller - pumps ‘are particularly suitable - for - this
purpose because ' they have ' not ‘the property of - centri-
fuging the specifically heavier finely divided catalyst from
the contact oil.

In accordance with a further proposal of the invention
“a branch stream of the synthesis gas or, if desired, other
gases' containing carbon monoxide and hydrogen may
be introduced in finely divided form into the return pipe
for the contact cil, preferably in the direction of flow
beyond the circulation pump, for example the impeller
‘pump, in"order thus to counteract any excessive reduc-

tion of the quantity of dissolved carbon monoxide and

hydrogen in the contact oil. In this case, regard must
be had to the fact that the reaction taking place at the
catalyst also takes place 'in the return pipe or com-
denser, although at lower speed than' in the reaction
vessel itself, so that the quantity of carbon monoxide
and hydrogen in the contact oil may in some cases fall
to a value at which the action of the catalyst is not en-
sured, or is not maintained at the required level.

It is furthermore advantageous.to provide in the re-
action chamber, means for preventing at the upper end of
the reaction chamber, that is at the point at which the
synthesis gas and the contact oil are separated, deposition
of contact oil and especially catalyst on the walls. These
means may reside, for example, in introducing at the
upper end of the reaction chamber an additional quantity
of contact oil which uniformly washes the walls of the
reaction chamber and continuously carries away any
deposits of catalyst.

In order to facilitate the separation of the contact oil
and the gases dissolved therein at the upper end of the
reaction tower, it is proposed in accordance with the in-
vention to reduce the speed of flow of the gas-oil mixture
at the upper end of the reaction chamber in order thus to
effect a general steadying of the flow .of liquid. - This
object may be achieved by increasing that cross-sectional
area of the reaction chamber which is available for the
flow of liquid at the upper end, for example by increasing
the. diameter of the tower in this region, or, with a con-
stant diameter, by leaving the upper part of the reaction
tower free from inserted elements, for example free from
cooling tubes.

As has already bzen mentioned, a comparatively large
.ratio of height to diameter is advantageous for -the
dimensions of the tower-like reaction chamber, because
if this ratio is high, that is to say if the tower is relatively
-slender, a particularly favorable distribution of :the: syn-
thesis gas in the volume of contact -oil is obtained. It
‘has .been found that the ratio of height to diameter is
preferably chosen as about 10:1, but higher and lower
values may quite well be chosen for the ratio of height
to diameter.

The temperature at which the process according to the
invention is carried out depends upon -the catalyst em-
ployed and- also upon' the product which it is desired-to
“obtain by the synthesis. -Moreover, the temperature to
be chosen depends upon the pressure in the reaction
chamber. It has been-found that favorable results have
been obtained at temperatures below :280° C. if -a re-
action pressure of -about 14-20 atm. is chosen, but-eco-
nomically useful results can be obtained by varying these
values in accordance with the particular operating con-
ditions.

The- process- is: illustrated in -the -drawings.

“Figure 1 is a' vertical longitudinal: ‘section through a

" reaction--chamber - constructed- in" the ‘manner- of-:a-tower
::having:a:total of four'cooling:stages.
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- the . entire -cross-section of the reaction :chamber.

4

Figure 2 shows a nozzle for the simultaneous intro-
duction of synthesis gas and contact oil into the reaction
chamber shown in Figure 1,

Figure 3 is a horizontal section through the nozzle
base of the reaction tower illustrated in Figure 1,

Figure 4 is a vertical section corresponding to Figure 3,
and

Figure 5 is a vertical longitudinal section through two
reaction chambers connected in series, each reaction
chamber being provided with two cooling stages.

The reaction tower consists in accordance with Fig-
ure 1, of an elongated cylindrical vessel -1 of. substan-
tially circular cross-section. Situated at the base of the
tower are a number of nozzles 2, to which synthesis gas
is fed through the pipe 3 and to which contact oil cir-
culated by a pump 5 is 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 which a suitable cooling medium, for example
water is passed. The cooling medium is supplied through
the pipe 10 and then flows throngh the cooling tubes
in the same direction as the mixture of contact oil and
synthesis gas introduced at the bottom. The cooling
medium absorbs heat from the exothermic reaction of
the synthesis gas to form hydrocarbons, the said heat
then being discharged with the current of cooling medium
through the pipe 11. Part of the cooling medium is
directly returned into the circuit through the pipe 12,
while another part of the heated cooling medium is fed
through the pipe 13 to an external cooling device and
thereafter re-introduced into the cooling medium cir-
cuit. The mixture of contact oil and synthesis gas is
varied in its composition as it travels upwards through
the contact tower 1, the hydrogen and carbon monoxide
disappearing and hydrocarbons being produced in their
place. Provided at the upper end of the contact tower
is a widened portion 14 in which a relatively steady flow
of liquid is maintained. The contact oil distributing
means 28 is disposed in this widened portion 14 and is
adapted to uniformly wash the walls of this widened or
enlarged section free of catalyst. As shown, contact oil,
either freshly introduced or from elsewhere in the re-
action zone, is passed through pipe 27 into distributor

.pipe 28 wherefrom this oil is uniformly distributed onto

the walls of this enlarged or widened section. The
vapors produced and the unreacted gases leave the re-
action- tower by way of the pipe 15, while the contact
oil is withdrawn through the pipe 16 and is returned into
the bottom of the reaction tower by means of the cir-
culation pump 5.

Figure 2 is a vertical longitudinal section through a
nozzle provided at the base of the contact tower. The
synthesis gas flows from the gas pipe 3 into the inner
nozzle tube 18, which terminates in a narrowed portion
19 serving to increase the speed of the current of gas.
The inner nozzle tube 18 is surrounded by an outer noz-
zle tube 20, the cross-section of which is considerably
reduced in the region of the mouth of the inner nozzle
tube 18 and is then widened again in the manner of a
Laval nozzle at 21. The contact oil flows through the
annular gap 22 between the inner nozzle tube 18 and
the Laval noz:le 21 at.great speed and thus breaks up
the gas flowing .through the inner nozzle tube 18 into
extremely fine. bubbles; which are then uniformly dis-
tributed throughout the volume of contact oil. The
contact oil is supplied through the pipe 4, which is con-
trolled by a valve 24.

In Figures 3 and 4, the synthesis.gas flows through the
pipe 3 into the inner nozzle tubes 18, a valve 19 being
provided to . ensure :that ‘synthesis ‘gas is supplied as
equally as possible to all the nozzles. If desired, the
said’ nozzles. 19 may also be. employed. to vary in the re-
quired manner:the distribution.of ‘the synthesis:gas over
The

45 contact oil: passes. from-the: pipe - 16-into the- circulation
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pump 5, which is preferably constructed as an impeller
pump.’ ‘The said circulation pump may also receive fresh
“contact -oil ‘through “the pipe 25. The contact oil passes
from the circulation pump 5 by way of the pipe 4 and
the -valves 26 into the ‘annular gap between the inner
nozzle tube 18 and the outer nozzle tube 20, the required
difference being produced between the speeds of the syn-
thesis gas and the circulating oil by suitably dimension-
ing the cross-section of this annular gap.

A cooling device not shown here may be provided in
the return pipe 16 in association with the cooling sys-
tem or systems situated in the reaction chamber.

The application of the invention permits, for example,
of working up in a reaction vessel having a diameter
of 1 m. and a height of 18 m. more than 4,000 cm. of
synthesis gas per hour at a reaction pressure of 20 atm.

If it is desirable or expedient to make the reaction
tower 1 shorter, it may, for example, be divided at the
center (substantiaily in the region of the dotted line)
~ and the two halves of the tower may be disposed side-
by-side, in- which case each half must naturally be pro-
vided with a so-called nozzle base. The synthesis gas is
then introduced into the second reaction unit after hav-
ing passed through the first unit and does not leave the
installation until it has also flowed completely through
the second unit. The contact oil itself may also be main-
tained in circulation in the two halves of the reaction
chamber. However, it is expedient to provide in asso-
ciation with each reaction chamber unit a separate con-
tact oil circuit with the corresponding devices, because
it is possible in this manner to maintain the circulation
of contact oil separately for each unit and to vary the
concentration of the catalyst independently in each of
the reaction chamber units.

In this case, it may also be expedient to condense the
hydrocarbon vapors formed in each unit of the installa-
tion and to separate off the condensed products before
the synthesis gas is introduced into the next unit of the
installation. i

.In accordance with Figure: 5. synthesis gas is. fed
through pipe 29 to a number of nozzles 30, which noz-
zles are situated at the base of an elongated cylinder ves-
sel or tower 31. . Contact oil is also fed to these nozzles
30 by being circulated by a pump 32 through the pipe
33. Provided within the reaction chamber 31 are two
cooling devices 34 and 35, which preferably consist of
vertical tubes through which a suitable cooling medium
such as water is passed. . The cooling medivm is fur-
nished through the pipe 36 and flows through the cool-
ing tubes in the same direction as the mixture of con-
tact oil and synthesis gas introduced at the bottom of
the tower. The cooling medium is discharged from the
cooling tubes through the pipe 37 together with the heat
which the cooling medium has absorbed from the en-
dothermic reaction of the synthesis gas to form hydro-
carbons. . A portion of the cooling medium is directly
returned into the circuit through the pipe 38 while an-
other portion of the heated cooling medium is passed
through the pipe 39 to an external cooling device (not
shown) and thereafter re-introduced into the cooling
medium circuit. The mixture of contact oil and synthesis
gas-is varied in its composition as-it passes upwardly
through the contact tower 31, and the hydrogen and car-
bon monoxide disappear and hydrocarbons are produced
in their place. A widened portion 40 is provided at the
upper end of the contact -tower, in which widened por-
tion a relatively steady flow of liquid is maintained. Con-
tact oil is advantageously introduced :through pipe 41
to distributing pipe 42, if desired, to uniformly wash the
walls of this widened  portion free of catalyst. The
product vapors and unreacted gases leave the reaction
tower ‘through pipe 43 and pass into the cooler 44 to
condense liquid hydrocarbons. Contact oil is withdrawn
from the widened portion 40 of the tower through the
pipe. 47a and is passed into the bottom of this reaction
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tower by meéans of pump 32. Liqiuds and gases pass
from- cooler 44 by- means.of pipé 45 to separatoi. 46
wherein liquid hydrocarbons are sepdrated from unte-
acted - synthesis - gas.. .- The liquid hydrocarboris .can -be
withdrawn ‘through line 47:and the' utireacted  synthesis

-gas is ‘paséed by means of pipe 48 to-a number of nozzles

49 situated at the base of an elongated cylindrical re-
action vessel or tower 50. Contact oil circulated by a
pump 51 is also fed through a pipe 52 to these nozzles
49. Provided within the reaction chamber 50 are two
cooling devices, 53 and 54, which are substantially iden-
tical to the cooling devices hereinbefore-described with
regard reaction chamber 31. The cooling medium, for
example water, is supplied through the pipe 55 and
thereafter flows through the cooling tubes in the same
direction as the mixture of contact oil and synthesis gas
introduced at the bottom. The cooling medium absorbs
heat from the exothermic reaction of the synthesis gas
and this heat is discharged with the cooling medium
through the pipe 56. Part of the cooling medium is di-
rectly returned into the circuit through the. pipe 57 while
another part of the heated cooling medium is passed
through the pipe 58 to an external cooling device (not
shown) and thereafter re-introduced into the cooling me-
dium circuit. - The mixture of contact oil and synthesis
gas travels upwardly through the contact tower 50 where-
in hydrocarbons are produced. The upper end. of the
contact tower 50 is also provided with a widened por-
tion 59. Contact oil can also be passed through pipe
690 into distributing pipe 61, if desired, wherefrom it is
distributed upon the walls of this widened portion to
uniformly wash the catalyst therefrom. The hydrocar-
bon vapors produced in the unreacted gases leave the
reaction tower 50 by means of pipe 62, while the contact
oil is withdrawn through the pipe 63 and is returned into
the bottom of the reaction tower by means of the re-
circulation pump 51.

What -we claim is:

1. In an apparatus for the production of hydrocarbons
by the reaction of carbon monoxide and hydrogen where-
in a hydrogenation catalyst is maintained in a liquid
column of circulating contact oil through which the syn-
thesis gas is passed and wherein contact oil is moved from
the bottom to the top of the liquid column and is returned
to the bottom in an external circuit after separation of
the gas therefrom, in combination a closed vertical cylin-
drical reaction vessel having a ratio of height to diameter
greater than 10 to 1 for maintaining said liquid column,
said vessel having an -enlarged top section facilitating
separation of contact oil and gas dissolved therein, contact
oil distributing means disposed in said enlarged top sec-
tion adapted uniformly to wash the walls of said enlarged
section free of catalyst, a plurality of indirect cooling
means internally disposed substantially equidistantly along
the length of the column, synthesis gas-contact oil inlet
means in the bottom of said reaction vessel comprising a
gas inlet nozzle axially disposed within a concentric con-

" tact oil inlet venturi tube, said gas inlet nozzle having a

60

tapering gas outlet terminating in said venturi and means
for externally circulating contact oil from. the enlarged
top section of the reaction vessel to said contact oil inlet

~ venturi tube.
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2. The apparatus of claim 1 wherein at least two struc-
turally and functionally independent tower-like reaction
chambers are arranged side-by-side, through which syn-
thesis gas flows successively and in the interior of which
a cooling means consisting of at least two units disposed

one above the other is provided.
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