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This invention relates to temperature-gradient in con-
nection with uniformly boiling coolants.

The catalytic treatment of gases, containing carbon
monoxide and hydrogen, into higher hydrocarboans, may
be conducted so that larger or smaller quantities of hydro-
carbon derivatives containing oxygen are obtained, e. g.
alcohols, fatty acids or the like. When proceeding in
the conventional manner using the contact process with
rigidly arranged catalysts, only quantities of 0.15 to 0.2
ton of the higher hydrocarbons and, under certain condi-
tions other compounds containing oxygen are obtained
per m3 of catalyst per day. In the above methcd the
catalysts are placed in thin layers of 7.5 to 10 mm. thick-
ness between cooled heat exchange surfaces (laminated
ovens) or in tubes of 10-15 mm. diameter, or in the an-
nular space between two telescoped tubes with a distance
of about 10 mm, between the inner and outer tube. The
cooling process in these methods had to be made especially
effective in order to dissipate the generated reaction heat.
Usually this was done by using boiling water under pres-
sure. The use of larger contact layers was impossible
because this would have produced excessive temperatures
of the contact layers which would have resulted in side
reactions, such ‘as formation of large quantiiies of
methane, separation of carbon and damage to the catalysts.
The cooling with boiling water under pressure resulted in
nearly constant reaction temperatures of the gases passing
through the contact oven.

One object of this invention is increasing the yield in
the synthesis of higher hydrocarbons wusing uniformly
boiling coolants in the contact process. This and further
objects will become apparent from the following descrip-
tion read in conjunction with the drawings in which:

Fig. 1 shows apparatus which can be used for the process
according to the invention.

Fig. 2 shows another form of a contact tube which may
be used in accordance with the invention.
 Fig. 3 illustrates another form of a contact tube.

Fig. 4 is a vertical cross section of a contact oven with
a suspended contact.

Fig. 5 shows another form of construction of the ap-
paratus which may be used for the process in accordance
with the invention.

Fig. 6 shows still another form of the apparatus which
may be used for the process according to the invention.

It has now been found according to the invention that
when using high gas velocities of more than .5 and suitably
more than 2-10 m. per second’at a temperature of zero
degrees centigrade ata pressure of 760 mm. Hg, and rela-

" tively large thicknesses of contact layers of more than 15

mm. and preferably 20-50 mm. in thickness, a cooling
medium of a constant or nearly constant boiling point can
be used if the cross sections of the contact layers perpendi-
cular to the direction of the gas flow in the direction of
the path of the gas through the contact are increased in
size.  The great thicknesses of the contact layers permit,

" at the same time, a simple construction of the apparatus
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and a comparatively easy exchange of the contact. In
the contact layers, which lie at the gas entry and which
have a smaller cross section than those that follow, the
velocity of the gases is greater than in the later ones. The
consequence is a greater heat transfer rate and, thus, a bet-
ter dissipation of the heat of reaction near the gas entry.
Resides, here the heat transfer areas which enclose the
catalyst are larger in proportion to the quantity of the
catalyser than in the contact portions following, and thus
effect an additional increase in the dissipation of the
heat of reaction. On the other hand, the formation of
heat for a certain specific catalysing effect is smaller at
the gas entry and near this point because of the small
quantities of the catalyst present, and the time of contact
of the reacting gas with the catalyst is shorter due to the
high velocity of the gas so that the synthesis of the
gases and the heat of reaction remain lower at this point
than on the succeeding passages of the gases through the
catalyst. These conditions under which the reaction in
the catalyser layer at the gas entry takes place result in
a small difference of temperature between the reacting
gases and the cooling medium.

On the succeeding path of the gas through the contact,
on which the cross sections of the contact gradually or
at intervals increase, the gas velocity and thus the rate
of heat transfer decrease gradually, and the heat ex-
change surfaces which enclose the catalyser decrease in
proportion to the quantity of the catalyser. Correspond-
ingly, the difference in temperature between the gas in
the catalyser or the catalyser space and the cooling me-
dium increases gradually along the path of the gas. With
the temperature of the cooling. medium remaining con-
stant, constantly increasing temperatures of reaction in
the catalyser are obtained. With increasing cross sec-
tions of the catalyser layers the generation of heat at the
catalyser increases further and the gas conversion is in-
creased through the longer contact of the gas with the
catalyser, which result in a further steady increase of the
temperatures of reaction without requiring an analcgous
increase in the temperature of the cooling medium.

The result of the increasing temperaiures of reaction
along the path of the gas is that the specific conversion
of carbon monoxide and hydrogen is kept at a constant
rate in all parts of the catalyser or can be regulated ac-
cording to cther requirements, thus eliminating the harm-
ful effect which the decreasing concentration of carbon
monoxide and hydrogen produces in the lower layers
of the catalyser. If, e. g. in a double tube oven the
distance between the inner tube and the outer tube is
increased from 10 mm. at the top of the oven to 25 mm.
at the bottom, the temperature of reaction at a carbon
monoxide-hydrogen conversion rate of 60%, increases
approximately 15 or 20° during the passage of the gas
from the top to the bottom through the contact. The
contact will work faultlessly if the gas velocities are kept
5o kigh that due to the turbulent flow, a good dissipation
of the heat of reaction and an equalization of tempera-
tures in the contact is effected. 1In this process water can
be used as a cooling medinm. Other fluids with a con-
stant boiling point, such as diphenyl, diphenyl oxide,-
hydrocarbons, silicons, mercury and the like, may also
be used. The new process can be applied with or with-
out circulation of the reacting gases. The variation of
the quantity of the circulating gas down to working
without any circulating gas offers the possibility to regu-
late the change of the flow velocity of the gases in the
contact layer in the directicn of the gas flow in the most
effiective manner, e. g., if a larger difference between the
flow velocity at the gas emtrance and the gas egress is
desired, one can work with small quantities of circulating
gas or without any circulation. In that case, the reac-
tion produces a strong contraction of the gas so that this
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contraction also produces a decrease of the flow velocity
and, thus, of the heat transfer rate and a longer stay of
the gas in the contact. Thus, through a change of the
circulating gas quantity, a change of the difference of tem-
perature between the entering and emerging gas is also
obtained.

The heat transfer through the heat exchange surfaces
may be further reduced in the lower part of the contact
oven by providing for the heat exchange surfaces a mate-
rial with a lower coefficient of heat conductivity or in-
sulating material, e. g. incrustations at the heat exchange
surfaces. One can also, as is well known, when using tube
or double tube ovens, make the diameter of the tubes
or the outer tubes in the lower part of the oven larger
than in the upper part.

The process according to the invention permits the uss
of increasing temperatures in the contact, independent of
the direction of the gas flow. For instance, while pass-
ing the gases in the direction from the bottom to the top
through the contact, one can keep the temperatures at an
increasing rate from the boftom to the top, but it is
necessary tc apply the methods described above, which
produce these differences in temperature, in reverse, €. g.
the cross sections of the contact layers must increase
in size from the bottom to the top while the gas velccities
and the specific size of the heat exchange surfaces must
be reduced from the bettom toward the top. This pos-
sibility is of importance especially when working with
catalysers kept in suspension since this process is appli-

cable only when the gas flows from the bottom tc the top. !

The contact oven according to Fig. 1 consists of a
pressure tank 1, which is provided with a top cover 2
and a bottom 3. The contact tubes 6 are welded into the
tube plates 4 and 5. The contact tubes § have on the
inside concentrically arranged conical or graduated tubes
7, whose diameter decreases from the top to the bottom.
The tubes 6 and 7 are connected in such a manner that
the cooling water, wiich occupies the space between the
pressure tank I and the contact tube 6, can also circulate
through the concentrically arranged inner tubes 7. The
catalyser is placed in the annular space between the tubes
6 and 7 in layers which increase in size toward the bottona.
The gas to be synthesized enters into the contact oven
through the upper sleeve 8 and is converted at the catz-
lyser. As the layers increase in size, the gas velocity de-
creases and the time of contact between the gas and the
catalyser increases, the temperature of reaction rises.
The heat of reaction is transferred to the boiling cooling
water, the steam generated is carried off through the con-

necting pipe 9 and the steam accumulator 19. The cool- ¢

ing medium circulates back into the contact oven through
the connecting pipe 12 together with the water flowing in
through the pipe %1.

Fig. 2 illustrates another form of a contact tube. The
contact tube 13 consists of several pieces of tube 14, 15,
16 of different diameters and different lengths, which are
welded together and, thus, have different cross sections
of the layers.

Fig. 3 illustrates a contact tube 17 in which the sur-
faces that carry the heat off are varied by welded-on ribs
18 whose height decreases toward the bottom and in
this manner also effect a variation in the thickness of the
layer.

Fig. 4 is a contact oven designed for working with
suspended catalysers. It consists of a pressure tank 21
in which the catalyser is placed over the grating 22. The
gas to be synthesized enters the contact oven through the
lower sleeve 23. The gas velocity is maintained high
enough to keep the catalyser in suspension. The gen-
erated heat of reaction is transferred to the boiling cool-
ing water in the cooling tubes 24 which extend intc the
catalyser space, and the steam generated is carried of
through the collecting pipes 25. The cooling tubes 24
are provided with welded-on ribs whose height decreasss
from the bottom towsrd the top. Through this arrange-
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ment, the heat transfer surface in the lower part is in-
creased and the thickness of the layer is decreased so that
increasing temperatures of reaction from the bottom to-
ward the top can be obtained.

The following examples are given by way of illustra-
tion and not limitation:

Example 1

Hydrocarbon synthesis is carried out in a contact oven
3 m. in diameter and 1.5 m. high in which the catalysers
are arranged stationary in tubes. The contact oven
contains 3100 tubes, each measuring 6 m. between top
and bottom and having an inside diameter of 20 mm. at
the top which increases to an inside diameter of 40 mm.
at the bottem. This contact oven will take 15 m.3 of cat-
alysts. The contact oven has a capacity of 15,000 Nm.3
of the synthesis gas/hour under a pressure of 20 atm.
and of 37,500 Nm.3/hour of return gas. The gas veloc-
ity, based on the free cross section of the contact tubes
and standard conditions (0° and 760 mm. Hg), is
13.3 m./sec. in the contact tubes at the entry and 3.55
m./sec. when leaving the oven. The heat transfer rate
thus decreases from 53§ keal./m.2/hr./° C. at the upper
end of the oven to 165 kcal./m.2/hr./° C. at the lower
end of the oven while the heat transfer surface between
the catalyser and the boiling cooling water, based on the
same catalyser quantity, decreases by approximately
100%. With a temperature of 240° of the boiling cool-
ing water surrounding the contact tubes, a temperature of
reaction of 243° is observed where the gas enters the
contact tubes, which by our invention increases to 263°
when the gas leaves the contact tubes. The production
of hydrocarbons by this contact oven is approximately
40 tons per day.

Example 2

A contact oven with contact tubes of 74 mm. inside
diameter is used. Inside of these contact tubes there are
concentrically arranged tubes whose outside diameter
of 44 mm. at the top is reduced to 24 mm. at the bot-
tom. The heights of the layers in the contact tubes ob-
tained in this manner are 15 mm. at the top and 25 mm.
at the bottom in the annular cross section perpendicular
to the axis. 1070 contact tubes, each 6 m. high, are built
into a contact oven which has a diameter of 3 m. The
contact oven holds 21 m.3 of the catalyser. It will be
filled with 21,000 Nm.3/hour of synthesis gas under a
pressure of 20 atm. and 52,500 Nm.3/hour of circulating
gas. The gas velocity, with reference to the free cross
section of the contact tube, under standard conditions
(0° and 760 mm. Hg) is 7 m./sec. at the top and dimin-
ishes to 5 m./sec. at the bottom. This reduces the heat
transfer rate from 249 kcal./m.2/hour/° C. at the top
of the oven to 139 kcal./m.2/hr./° C. at the bottom of
the oven. The heat transfer surface diminishes by 17%
from the top to the bottom while, under equal specific
contact loads, the heat generated at the top is 40% Iless
than at the bottom. At a temperature of the cooling
medium, boiling water, of 240°, the temperature of re-
acticn at the oven entrance in the layers of 15 mm. thick-
ness is 250° which increases to 265° at the oven exit with
a thickness of the layer of 25 mm. The yield of the con-
tact oven is 58 tons of hydrocarbons per day.

Example 3

A contact oven with a diameter of 3.5 m. contains
5000 tubes of an inside diameter of 31 mm. and 10 m.
in length, which have a capacity of about 46 m.3 of the
catalyser. The contact oven is loaded with 46,000
Mm.3/hour of synthesis gas and with 115,000 Nm.3/hour
of circulating gas under a gas pressure of 20 atm. The
outside of the contact tubes at the upper end is covered
with an insulating layer of 1 mm. in thickness. The in-
sulating layer is enlarged toward the bottom and has a
thickness of 4 mm. at the lower end. Coatings of enamel,
silicates or other insulating materials can be used. The



T

[

http://ww. Pat ent Gopher. com

2,740,808

5

insulation can also be accomplished by placing another

tube which is conically enlarged toward the bottom over

the contact tube so that therz is an annular space of 1
mm. radial inside diameter between the two. tubes at
the top which gradually increases to 4 mm. at the bot-

tom. The annular space is connected in one place with .

the gas space or the steam space of ‘the contact oven
which forms the upper part of the space for the cooling
medium. In this case, the gas space or the steam-filled
annular space, whose inside diameter increases from 1
mm. to 4 mm., makes the insulation.

The heat transfer rate, which would amount to 444
keal./m.2/hour/° C. on a non-insulated tube, is reduced
by -the insulation at the gas entry at the top to 235
kcal./m.2/hour/° C. and by the stronger insulation at the
gas exit at the bottom to 90 kcal./m.2/hr./° C. With a
temperature of the cooling medium of 220°, temperatures
of reaction of 233° at the gas entry and 253° at the gas
exit are obtained. With insulating layers made still
thicker, the temperature of the cooling medium may be
further reduced even at higher temperatures of reaction,
the result of which is lower pressures of the cooling me-
dium if boiling water is used for cooling. The gas con-
version amounts to 60% of the CO+Ha injected, and the
yield of the contact oven is 90 tons of hydrocarbons per
day.

Example 4

1200 double tubes, each' 10 m. long, are built into a
contact oven of a diameter of 3.5 m. Each double tube
consists of an outside tube with an inside diameter of
82.5 mm. and an inside tube, which has an outside di-
ameter of 30 mm. and is connected with the space con-
taining the cooling medium. 6 longitudinal ribs, 10 m.
in length, are welded on each inside tube distributed in
equal distances from each other around the perimeter.
The height of the ribs is 26 mm. at the top where the
gas-enters and gradually decreases to. 5 mm. at the bot-
tom where the gas passes out. The heat transfer area
on the gas side is thereby reduced by 50% from the gas
entry to the gas exit.” The contact capacity of the oven
is 53 m.3. With a load of 53,000 Nm.3/hour of syn-
thesis gas under a pressure of 20 atm. and 53,000
Nm.3/hour of circulation gas, at a temperature of 220°
of the cooling medium, the temperature of reaction at
the gas entry-is 234° and at the gas egress 262°. The
yield of the contact oven is 100 tons of hydrocarbons per
day.
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1 claim:

1. In the production of hydrocarbons and hydrocar-
bon derivatives by catalytic carbon monoxide hydrogena-
tion, the improvement which comprises passing synthesis
gas at a velocity - of at least about 0.5 meter per sec-
ond through a substantially confined longitudinally . ex-
tending fixed bed of particled catalyst of a cross-sec-
tional mean bed thickness in excess of 10 millimeters, and
increasing from end to end in the direction of gas flow,
and cooling said catalyst with a coolant of a substantially
constant boiling point in substantially indirect heat ex-
change relation to the outside of said bed.

2. Improvement according to claim 1 in which said
catalyst bed is substantially vertically arranged and in
which said synthesis gas is passed substantially down-
wardly therethrough.

3. Improvement according to claim 1 in which said
mean thickness is at least 15 millimeters and in which
said bed is defined by a substantially columnar body of
said catalyst. )

4. Improvement according to claim 1 in which said
mean thickness is about 20 to 50 millimeters and in which
said bed is defined by a substantially columnar body of
said catalyst.

5. Improvement according to claim 1 in which said
synthesis gas is passed at a velocity substantially between
2 and 20 meters per second.

6. Improvement according to claim 1 in which there
is substantially maintained a temperature difference be-
tween catalyst and coolant substantially of about 10 to
50° C. at the widest catalyst bed section in heat exchange
relation with said coolant.

References Cited in the file of this patent
UNITED STATES PATENTS

857,389 Ferguson oo June 18, 1907
2,181,927 Townsend o Dec. 5, 1939
2,244,196 Herbert . _________ June 3, 1941
2,248,734 BaIT e June 8, 1941
2,255,126 Myddleton o Sept. 9, 1941
2,256,622 Murphree et al. _______. Sept. 23, 1941
2,353,600 SWEetSer o e July 11, 1944
2,475,025 Huff July 5, 1949
2,481,089 Dickinson .o~ Sept. 6, 1949
2,662,911 Dorschner et al. oo Dec. 15, 1953



