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The present invention relates ta the manufac-
ture of hydrocarbon constituents containing
more than one carbon atom in the molecule by
a process involving the hydrogenation of carbon
oxides.
cerned with an improved method of controlling
the rapid isothermic reaction and maintaining
the temperature of the reaction within a pre-
determined critical temperature range. In ac-
cordance with the present process, the reactors
are so constructed as to provide alternate
catalytic sections having disposed intermediate
the reSpective sections, zones containing inert
solid constituents which serve to function to
maintain a substantially complete uniform tem-
perature throughout the cross section of the
flowing gases.

It is known in the art to conduct various iso-
thermic chemical reactions and to remove the
heat of reaction by suitable means. These means
usually comprise liquid cooling mediums which
are circulated without or within the reaction
zone. These methods of regulating the tempera-
tures of various processes, while entirely satis-

- factory for most operations, have:the disad-

vantage that the femperature is relatively -dif-
ficult to control within a narrow temperature

The invention is more particularly con-
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range in operations involving the hydrogena-

tion of oxides of carbon. A temperature gradi-

. ent is created across the path of the flowing
- synthesis gases in a manner that the synthesis

gases adjacent to the surface adjacent to the
cooling medium are relatively cool as compared
to the gases in the central area .of the path of

the flowing gases, When liquid cooling mediums .

are circulated within the reaction zone, there
exists a tendency to disturb the equilibrium con-
ditions of the reaction and to impair the quality
of the final products. These disadvantages
resulting from the lack of adequate temperature
control are particularly aggravated in a process
involving the production of hydrocarbon constit-
uents containing more than one carbon atom
in the molecule by the hydrogenation of oxides
of carbon.

Thus in processes of this character in order
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“ less or equivalent reaction zones.
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to overcome the above mentioned disadvantages

and to satisfactorily control the temperature of
the reaction zone, it has been the practice to
employ reaction zones having a relatively small
diameter packed throughout with a suitable
catalyst. These reaction zones usually com-
prise tubes of relatively small diameter or ele-
ments each consisting of one tube concentrically
situated within a larger diameter tube or cham-
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" uniform temperature,
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ber, the intervening annular -space being rela-
tively thin. An indirect removal of heat of re-

‘action is accomplished by introducing a cooling

medium outside the singie tube element, or out-
side the outer tube and inside the inner tube of
the concentric tubes element, the catalyst being
situated within and between the tubes respec-
tively. While this arrangement permits, under
certain conditions, a means of satisfactorily con-
trolling the temperature of the reaction, it pos-
sesses an inherent disadvantage in that, owing
to the necessity of using relatively small diam-
eter of the tubes, the catalyst capacity per tube
is low. This materially increases the cost of
operations of this character and in many in-
stances renders them commercially uneconomical,
For example, in processes in which relatively
higher boiling hydrocarbon constituents are
manufactured from carbon oxides and hydrogen,
it- is essential that the temperature not vary
substantially from the predetermined operating
temperature since an increase in temperature
of as litle as 5° F'. to 10° F, will oftentimes result

"in a rise of rate of reaction so that a runaway

temperature is experienced and the reaction
rapidly shifts to the synthesis of methane and
undesirable products to the complete exclusion
of the desired liquid hydrocarbon. products. Thus
it has been the practice to employ relatively
complicated and expensive equipment which gen-
erally comprises utilizing relatively small diam-
eter tubes of a diameter of one-half inch or
While this
arrangement permits, under certain conditions,
a means of satisfactorily controlling the tem-
perature of the reaction, it possesses an inherent
disadvantage - in that,” due to the .relatively
small diameter tubes, the capacity of the reactor-
is relatively low. '

‘The use of relatively inexpensive larger diam-
eter tubes has heretofore not been successful
since it has been found that the yields of the
desired liquid products are relatively low. This
is due to the fact that a high temperature
gradient as disclosed above develops across the
path of the flowing synthesis gases.

I have now found a method by which this
cross section temperature gradient may be con-
trolled which comprises inserting at intervals
along the reaction zone sections of non-catalytic
material to bring the entire gas mass to &
_ On passing from each
non-catalytic zone to the next catalytic zone,
the temperature gradient set up at the end of the
previous catalytic zone across the cross section
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of the gas will be ellminated, The process of
my invention may be readily understood by
reference to the attached drawing illustrating
modifications of the same, For purposes of
description the invention is described with re-
spect to an over-all operation for the manufac-
ture of hydrocarbon constituents containing
more than one carbon atom in the molecule
from sald synthesis gases comprising hydrogen
and oxides of carbon. The feed gases com-
prising oxides of carbon and hydrogen are
introduced into catalyst reaction zone § by means
of feed line 2. These gases flow downwardly
through reaction zone { under temperature and
pressure conditions adapted to produce hydro-
carbon constituents containing more than one
carbon atom in the molecule, and are finally
withdrawn from the reaction zone by means of
line 3. The synthesized gases withdrawn by
means of line 3 may be handled in any manner.
desirable for the segregation of the desired
liquid products from the unsynthesized gases,
inert gases, and other undesirable products.
This is usually accomplished by conventional

" means which are adapted to recover valuable

hydrocarbon constituents from gases containing
the same. If desired, a portion of the gases
withdrawn from the reaction zone | by means
of line 3 may be recycled to the reaction zone.
The heat of reaction is removed from reaction
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zone | and the temperature controlled within "

the desired relatively narrow critical tempera-
ture range by means of a suitable liquid cooling
medium which is introduced into cooling jacket
4 surrounding the reaction zone by means of
line §. The cooling fluid is withdrawn from
jacket 4 by means of line § and may be cooled
and recycled to the jacket.

The feed synthesis gases flow downwardly
through reaction zone { and contact successive

.alternate beds of catalytic and non-catalytic

material. Thus the feed synthesis gases contact
catalyst beds 1, 8 and 9 and non-catalyst beds
10, 11 and 12 in the manner described. The
synthesis gases are introduced into the reaction
zones preferably under conditions at which -the
desired reaction will' be initiated. After the
synthesis gases contact the catalyst bed 1, the
reaction proceeds with the evolution of exo-
thermic heat. The temperature of the outer
portions of the synthesis gases in direct contact
with the shell of the cooling jacket is main-
tained relatively low, while the temperature of
the inner portions of the synthesis gases in-
creases a substantial amount, as is mentioned
by the effect of temperature rise on the rate
and control of the reaction. Thus, as the syn-
thesis gases emerge from the catalyst zone 1,
a temperature gradient exists between the
inner portions of the synthesis gases and the
outer portions in contact with the cooling jacket,
and a flow of heat in that direction results. In
accordance with the present process, these syn-
thesis gases then pass through a non-catalytic
zone wherein time and contact conditions are
adapted to remove that part of the heat of re-
action which has not been removed in the
preceding catalytic section and to absorb the
same by the cooling medium in the cooling
jacket and to secure a uniform temperature
throughout the cross -section of the flowing
gases. In a similar manner the gases succes-
sively pass through catalyst zone 8, non-catalyt-
ic zone [I, catalyst zone 9, non-catalytic zone
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12 and then are withdrawn from the system 75

by means of line 13 and handled as described.

The present process may be widely varied.
The Invention essentially comprises passing
synthesis gases through an alternate plurality
of catawytic and non-catalytic zones arranged
in a manner to remove the exothermic heat of
reaction and to maintain a relatively constant
temperature within the reaction zone and to
prevent a temperature gradient across the cross
section of the flowing synthesis gases. Although
the process may be adapted to the remowal
ol exothermic heat of reaction and for main-
taining a substantially constant temperature in
any type of chemical reaction, it is particularly
adapted for a process for the production of
relativeiy higher boiling hydrocarbon constitu-
ents from oxides of carbon and hydrogen.
These reactions, depending upon the character
of the feed gases and yield of particular product
desired, may be conducted under various tem-
perature and :pressure conditions. In general,
however, in a process for the production of
hydrocarbon constituents containing more than
one carbon atom in the molecule, it is preferred
to have a temperature of the reaction in the
range from about 370° F, to 410° F. In order
to secure satisfactory yields of the desired
product, it is essential that the temperature
variance from the operating temperature not
exceed about 10° F., and preferably not exceed
about 5° P.

Any suitable catalyst may be employed which
will function to ald the reaction between the
hydrogen and the oxides of carbon at the operat-
ing temperatures and pressures. Suitable cata-
lysts are for example cerium, chromium, cobalt,
manganese, osmium, palladium, titanium, zinc,
iron and oxides or other compounds of these
metals, Mixtures of these catalysts may be
employed or the same may be impregnated with
suitable agents adapted to increase their effi-
clency or strength. The catalysts may be in
pilled form or granular form.

The non-catalytic zones may contain any
suitable solid material which will not function
to aid the reaction and which preferably has a
relatively high heat -conductivity. The non-
catalytic material may be of any suitable size
which will serve to transmit the heat and also
serve to agitate the flowing gases. The prime
requisites of the non-catalytic zones are that
they promote mixing of the flowing gases and
readily transmit the heat of reaction from the
center portions of the reaction gases to the
walls of the cooling tube jacket. Any solid
material of this character is sultable. Preferred
substances are for example non-catalytic clays
or various non-catalytic metalllc oxides or
related compounds.

The catalytic zones may be of the same depth.
However, it is advantageous to arrange the size
and disposition of each catalyst zone so as to
bromote optimum operation under the particu-
lar conditions of temperature, concentration, and
rate of reaction which develop there and which
depend on the initial conditions of temperature,
concentration, and throughput chosen. A par-
ticularly desirable arrangement with respect to
the non-catalytic zones is to arrange these zones
in a manner that the center portions of the flow-
ing synthesis gases first enter the non-catalytic
zones and the outer portions of the flowing syn-
thesis gases in contact with the tube wall cham-
ber of the cooling jacket last enter the non-
catalytic zones,
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By conducting the operation in accordance
with the present process, the entire quantity of
the heat of reaction is preferably removed in the
usual fashion through the tube wall of the cool-
ing jacket surrounding the catalytic and non-
catalytic masses. However, under certain condi-
tions the operation may be conducted so that a
portion of the heat of reaction is not removed
by this means but is removed by means of a cool-
ing medium circulated through the cooling zones,
cooled without the reaction chamber and re-
cycled to the respective zones.

In order to further illustrate the present in-
vention the following example is given which
should not be construed as limiting the same in
any manner whatsoever. In a reaction in which
hydrocarbon constifuents containing more than
one carbon atom in the molecule are produced
by reacting oxides of carbon with a hydrogen
in order to secure satisfactory yields, it was nec-
essary to employ reaction zones one-half inch in
diameter packed with a catalyst. The tempera-
ture of the reaction zone was maintained sub-
stantially constant by circulating without the

half-inch reaction zones a cooling medium..

When this reaction was conducted, employing
catalyst zones two inches in diameter, it was
found that it was not possible to satisfactorily
control the temperature by circulating a cooling
medium without the respective zones. However,
when the reaction was conducted in accordance
with the present process employing two inch re-
action zones, it was found that the heat of re-
action was readily removable by a cooling me-
dium circulated without the zone and that sat-
isfactory yields of a relatively high - quality
product were secured. '

By employing the present process, a greater
heat removal per unit of transfer material is
obtained. It is possible accordingly to employ
reaction zones the cross section of which is from
two to ten times the cross section which could
ordinarily be employed using conventional means.
The process also permits a higher through-put,
a better temperature control, and a greater yield
of the desirable liquid products. The efficiency
of the entire operation is materially increased
and substantial economies effected.

Although the process is especially adapted for
operations conducted in relatively long reaction
zones, it may be adapted to various other types
and designs of reaction zones. . Neither the cat-
alytic zones nor the non-catalytic zones need be
of the same length at all positions and an im-
proved operafion is secured by adjusting the
length of the respective zones, depending upon
their position in the reaction chamber.

What I claim as new and desire to protect
by Letters Patent is as follows.

Iclaim:

1. Process for the removal of heat from an
exothermic reaction conducted in the presence
of a catalyst which comprises passing the react-
ing gases through a plurality of alternate zones
containing catalyst which promotes said reaction
and non-catalytic material situated within a re-
action chamber, removing heat of reaction
through the walls of said reaction chamber,
whereby a temperature gradient across the path
of the flowing gases is prevented.

2, Process in accordance with claim 1 in which
the catalyst is selected from the class of mate-
rials having the ability to increase the reaction
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3.

rate In a process involving the hydrogenation
of carbon oxides and in which the non-catalytic
material is a solid material having a relatively
high heat transfer rate.

3. Process in accordance with claim 1 in which
the heat of reaction is removed through the walls
of the reaction chamber by circulating a cooling
medium in a jacket without the reaction cham-
ber.

4, A process for the removal of a heat of re-
action and for maintaining a relatively constant
temperature in a reaction involving the hydro-
genation of oxides of carbon for the production
of hydrocarbon constituents containing more
than one carbon afom in the molecule which
comprises passing feed gases containing oxides
of carbon and hydrogen c¢hrough a plurality of
alternate zones containing solid catalytic ma-
terial promoting said reaction and solid non-cat-
alytic material, situated within a reaction cham-
ber under conditions adapted to hydrogenate the
oxides of carbon and removing the heat of re-
action through the walls of the reaction chamber,
whereby a temperature gradient across the path
of the flowing gases is prevented.

5. A process for thé removal of the heat of

" reaction and for maintaining a relatively con-
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stant temperature in a reaction involving the
hydrogenation of oxides of carbon for the pro-
duction of hydrocarbon constituents containing
more than one carbon atom in the molecule
which comprises passing feed gases through a .
plurality of alternate zones containing catalyst
promoting .said reaction and non-catalytic solid
material situated within a reaction chamber, said
zones containing catalysts being of the character
that the time of contact of the gases and the
catalyst increases in the respective zones in the
direction of flow of the feed gases.

6. Process for the removal of heat from an
exothermic reaction conducted in the presence
of a catalyst which comprises passing the react-
ing gases through a plurality of alternate Zones.
containing catalytic material promoting said re-
action and non-catalytic material situated within
a reaction chamber, said zones containing non-
catalytic material being of the character that the
center portion of the flowing gases enter the
non-catalytic. zones before the outer portions of
said .gases in contact with the walls of the re-
action chamber enter said zones, whereby a tem-
perature gradient across the path of the flowing
gases is prevented.

7. A process for the removal of a heat of reac-
tion and for maintaining a relatively constant
tempqrature in a reaction involving the hydro-
genation of oxides of carbon for the production
of hydrocarbon constitutents containing more
than one carbon atom in the molecule which
comprises passing feed gases containing oxides
of carbon and hydrogen through a plurality of
alternate zones containing solid catalytic ma-
terial promoting said reaction and solid non-cat-

_alytic material, situated within a reaction cham-

ber, said zones containing non-catalytic material
being of the character that the center portions
of the flowing gases enter the non-catalytic zones

" before the outer portions of said gases in contact
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with the walls of the reaction chamber enter said
zones, whereby a temperature gradient across the
path of the flowing gases is prevented.

FRANK T, BARR.




