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The preszent invention relates to the art of car-
rying out exothermic reactions in the gaseous or
vaporous phase.

In exothermic catelytic reactions it is often
very Important to carry away the heat of reac-
tion formed as quickly as possible; in particular
when the reaction is carried out in the presence
of a catalyst an even small increase of the tem-
perature beyond the desired helght may affect
the activity of the catalyst or may cause unde-
sired side reactions.

An example of such reactions is the conversion
of carbon monoxide with hydrogen to form hy-
drocarbons containing more than one carbon
atom In the molecule. Several proposals have
already been made for carrylng away the excess
of heat evolved during this reaction, for example
by indirect heat exchange relation with vapor-
izing water surrounding the catalyst space or by

passing the reaction gases so rapldly through the -

catalyst space that the heat evolved is carried
away by the gases and cooling the gases before
they enter again the catalyst space, or by car-
rying out the conversion in the liquid phase,
preferably in the so-called proper oil, 1. e. a por-
tien of the lHquid products formed In the reac-
tlon, or also by rinsing the catalyst with a la-
uld medium, if desired while simultaneously
cooling the reaction space by indirect heat ex-
change relation. These operations may be car-
rled into effect on a technical scale, but never-
theless their applicability is restricted. When
carrying out the conversion while cooling by in-
direct heat exchange relation with a cooling liq-

uld or while working In the liquid phase, the

velocity of flow of the gases cannot be Increased
beyond a definite value. and when carrying away
the heat by rapldly passing the gases through
the catalyst space, the catalyst layers cannot be
chosen too high, If the recycling of the gases
shall not require too much energy.

It has als¢ been proposed to render the cool-
ing of the gases more effective by increasing
thelr capacity of taking up heat by the addition
of suitable substances, as for example by adding
hydrocarbon vapors. However, the effect at-
tained in this manner in respect of the mainten-
ance of constant temperatures is only small.

I have now found that with exothermic cat-
alytic reactions effected in the gaseous or va-
porous phase, an increase of the temperature be-
yond the desired height may be avolded by In-
trodueing into the catalyst space during the con-
version, preferably in a finely dispersed state,
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a liquid, the boiling point of which, under the
pressure of the gases or vapors prevalling in the
reaction space, is lower than the temperature to
be attained by this cooling step, and which lig-
uid has been preheated to this boiling point or
te a higher temperature. The sald llquid may
alsc be supplied In admixture with other lig-
ulds which have a higher bolling point and re-
main liquid also after the introduction into the
catalyst space. Examples of such Uquld mix-
tures are in particular hydrocarbon olls of which
only a lower bolling fraction is vaporized in the
catalyst space. In this manner any overheating
may be avoided even In large catalyst spaces.

Further cooling means, as for example Indirect
heat exchange relation through the walls of the
catalyst space or rapid recycling of the gases
with Intermediate cooling, are not necessary
when operating in the sald manner. However, if
for any reason it is desired to supply only small
amounts of liquid, for example in order to keep
the amount of the added liquid in the gases or
vapors olily low, also further cocling means may
be provided.

The sald cooling operation may be employed
for very different exothermie catalytic reactions,
for example for the preparation of oxygen-con-
talning organic compounds, In particular alco-
hols, from carbon monoxide and hydrogen and
especlally for the hydrocarbon synthesis from
carbeh monoxide and hydrogen. The cooling ef-
fect attalned by the added lquid is the greater
the larger is the amount of Uquid with reference
to the amount of gas. When carrying out strong-
1y exothermic reactlons, as for example the syn-
thesis of hydrocarbons from carbon monoxide
and hydrogen, the finely dispersed liquid is pref-
erably added already into the flrst part of the
catalyst space, where usually the largest amount
of heat Is evolved. The fine dispersion of the
added liquid effects an Instantaneous vaporiza-
tlon of the small ligquid particles or a disruptien
thereof, if they contain higher boiling portions.
The step of preheating the liquids before adding
them into the reaction space is an essential fea-
ture of my present process, which lnvolves par-
ticular advantages over the addition of lquids
not having been preheated. 'This preheating step
hags the effect that the liquid particles are va-
porized or disrupted instantaneously after their
introduction Into the catalyst space, in particu-
lar when the liquid is present in the form of a
fine dispersion. This causes a very rapid cooling
of the entire reaction space without single places
thereof being cooled too strongly, -as may occur
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when adding liquids which have not been previ-
ously heated. The sultability of the said pre-
heated liquids for the purpose in consideration
is obviously very surprising, since it should have
been expected that the step of preheating the
cooling liquids before their introduction is dis-
advantageous and counteracts the desired cool-
ing effect. But this is not the case apparently
due to the fact that the heat necessary for va-
porizing the liquids is considerable, especially
with water.

Very different cooling liquids may be employed
which are suitably selected according to the na-
ture of the gases or vapors to be cooled. For ex-
ample, when reacting gases or vapors free from
oxygen, llquid hydrocarbons or liquid oxygen-
contalning crganic compounds, such as for ex-
ample alcohels, or mixtures of the said liqulds.
are useful. In some cases water or mixtures of
water with other liquids may be employed. In
many cases the liquids formed in the reaction it-
self or portions thereof may be added. The de-
gree of the cooling effect may be regulated ac-
cording to desire by varylng the amount of the
added liquid.

The cooling liquid added need not be liquid un-
der ordinary conditions, but also normally solid
substances come Into consideration if they are
llquid after preheating and are vaporized at least

partly, under the conditions of the reaction as s :

the case for example with naphthalene,

Even such liquids may be employed as undergo
a chemical change durlng their passage through
the catalyst space, ag for example by hydrogena-
tion, splitting (cracking)
Thus strongly unsaturated compounds meay be
introduced which in the presence of hydrogen are
converted Into less strongly unsaturated com-
pounds; agaln, oxygen-containing compounds
may be added which in the course of the reaction
are reduced to a higher or lower degree.

As mixtures of liquids inhomogeneous mixtures,
as for example mixtures of liquid hydroearbons
and water, also come Into consideration.

The liquid Is advantageously introduced direct-
1y before the catalyst, but the addition and the
dispersion may alsg be effected at some distance
from the catalyst layer if it is secured that a sub-
stantial part of the llquid is evaporated not be-
fore the catalyst layer, so that the desired cool-
Ing effect extennds over the whole layer of the
catalyst. The fine dispersion of the llquid Is
preferably produced by introducing the liquid
through flne nozzles, but also other devices, such
as for example porous plates, through which the
liquid is pressed, may be employed.

In many cases it may be desirable to supply the
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liquid at several places into the catalyst space, as
for example at intervals following one another in
the direction of the gas stream. This modiflca-
tlon of the process is especially advantageous if
the gases are passed through high catalyst layers.

If the conversion is effected in several stages,
the liquid may he added to each stage or also to
only one or several stages. The supply to the first
stage is especially useful, since generally in this
stage the largest amount of heat is evolved.

It has already been proposed to cool hot gases,
which are subjected to exothermic reactions in
several stages, after their issue from the single
stages by the addition of preheated liquids being
evaporated in the said gases. However, in this
operation the gases are only cooled in the inter-
mediate spaces betwecn the single conversion
stages, whereag in the present process the cooling
is effected mainly in the catalyst space, i. e. dur-
ing the conversion itself.

The followlng example will further illustrate
the nature of the present invention, but the in-
vention is not restricted to this example.

Erample

A catalyst essentially comprising iron which is
suitable for the synthesis of hydrocarbons from
carbon monoxide and hydrogen is filled Into the
tubes of & tubular furnace. Thereupon, a mix-
ture of carbon monoxide and hydrogen is passed
through these tubes (which are surrounded by a
vaporiging cooling liquid) at 280° C., under a
pressure of 20 atmospherss and with a velocity of
flow of 1000 volumes per volume of catalyst and
per hour. Part of the liquid hydrocarbons
formed In this treatment is introduced, after com-
pressing to 40 atmospheres and heating to 320° C.,
into the catalyst space through nozzles arranged
above this space. In this manner it is attained
that the temperature In the catalyst space does
not rise beyond 285° C. Even after working for
months the catalyst does not show any deposi-
tion of carbon or reduction of {ts activity.

When, however, the operation is effected with-
out the addition of preheated liquid hydrocarbons,
the catalyst becomes inactive after 20 dayw under
the same conditions of temperature and pressure,
even when employing a velocity of flow of only
600 volumes of gas per volume of catalyst and
per hour, since carbon is deposited on the eata-
lyst by reason of local overheating. The yield of
liquid hydrocarbons reckoned on the amount of
gas supplled is not greater in this case than when
carrying out the conversion with an addition of
preheated liquids.
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