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" PATENT SPECIFICATION
Convention Date {United States) : Jan. 21, 1937.

Complete Specification Accepted : Now. 25, 1938,
COMPLETE SPECIFICATION

An improved Mefhod of Confrolling Exothermic Catalytic Reactions.

We, Stanparp O DEVELOPMENT
CompaNy, a corporation duly organized
and existing under the laws of the State
of Delaware, United States of America,
having offices at Linden, New Jersey, and
100, West 10th Street, Wilmington,
Delaware, both in the United States of
America, do hereby declare the nature of
this invention and in what manner the
same is to be performed, to be particularly
described and ascertained in and by the
following statement:—

This invention relates to & method of
controlling exothermic reactions and per-
tains more particularly to a method of
controlling the temperature of catalytic
gas reactions to maintain the reaction
temperature within desired limits.

In many chemical processes involving
the reaction of gases, the temperature
maintained determines the nature of the
end produets and in order to produce the
desired products the temperature must be
maintained within close limits. In many
such reactions the liberation of heat
during the reaction makes it difficult to
maintain the required temperature con-
trol. Many reactions which are theoretic-
ally possible and can be attained on a
laboratory scale cannot be carried out on
8 commercial scale due to the amount of
heat transfer surface necessary to remove
the exothermic heat of reaction.

Moreover, in many commercial pro-
cesses involving the reaction of gases the
rate of reaction is limited by the amount
of heat which can be removed from the
reaction zone.

For example, liquid hydrocarbons with-
in the motor fuel boiling range can be
produced by passing carbon monoxide and
hydrogen, in the ratio of one part of
carbon monoxide to two parts of hydrogen
by volume, over a suitable hydrogenating
arid polymerizing catalyst, providing the
temperature is maintained between about
875° F. and 410° F. However, if the
temperature Is maintained materially
above this range, excessive quantities of
gaseous hydrocarbons, such as methane,
are produced and at temperatures below
this range very little, if any, reaction is
brw reaction, however,

{

liberates about 70,000 B.T.U. for each

1,000 cu. ft. of gas reacted. It will be
readily apparent, therefore, that an
exceedingly  difficult  heat  exchange

problem is involved to remove such a large
amount of heat from the reaction zone and
at the same time maintain the reaction
temperature within such close limits.

The hydrogenating and polymerizing
catalyst employed may be any of the well
known combinations, such as nickel acti-
vated with oxides of aluminium, man-
ganese, thorium, ete.

‘While the invention will have a more
general application, it will be of parti-
cular advantage in the synthesis of liquid
hydrocarbons from a mixture of carbon
monoxide and hydrogen. Liquid hydro-
carbons can be synthesized from carbon
monoxide and hydrogen according to the
following equation:

7(CO) + 2n(H,) = (CHy)n + n(H,0)

One of the principal objects of the
invention is fo provide an improved
method for maintaining highly exo-

thermic gas reactions within closely con-
trolled temperature limits.

A further object of the invention is to
provide an improved method of absorbing
heat from the reaction zone in which gases
are cdused to undergo exothermic reac-
tions which require a minimum of heat
exchange equipment.

A further object of the invention is to
provide an improved process for carrying
oub exothermic reactions, wherein some of
the reaction products are separated from
the unreacted gases within the reaction
zone to prevent dilution of the reaction
gases by the reaction products in subse-
quent sections of the reaction zone.

Among the more specific objects of the
invention is to provide a complete unitary
process for the production of liquid hydro-
carbons from carbon monoxide and
hydrogen in a continuous manner which
involves the continuous passage of the
catalyst and a heat absorbing medium
through the reaction zone in contact with
the reactant gases at a rate which will
maintain the zone within prescribed tem-
perature limits, the separation of reac-
tion products from the catalyst and the
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heat absorbing media withdrawn from the
reaction zone, the reconditioning and
cooling of the ecatalyst and the heat
absorbing media so withdrawn and then
return to the reaction zone.

Various other objects and advantages
will be apparent from the more detailed
description hereinafter.

In accordance with the invention, the
catalyst is suspended in a liguid hea
absorption medium and the suspension is
passed through the reaction zone in direct
contact with the reaction gases passing
therethrough.

The reaction zone is provided with gas
liquid contact elements, constructed as
hereinafter described so as to cause inti-
mate contact between the reaction gases
and the catalyst suspension while prevent-
ing the catalyst from separating from the
heat absorption medium.

The liquid heat absorption medium
may be substantially unvaporizable under
the conditions obtaining within the reac-
tion zone or it may be partially vaporiz-
able so that a portion of heat liberated by
the reaction is absorbed by vaporization
of a portion of the fluid medium. The
fluid medium should be relatively inactive
but should preferably have a relatively
high solubility for the reactants so that
they may penetrate the fluid flm on the
catalyst surface and divectly contact with
the catalyst, more especially a preferen-

tial  solubility for the reactant, the
activity of which most favourably affects
the yield.

In the synthesis of liquid hydrocarbons
from carbon monoxide and hydrogen it
is alsc desirable to employ a fluid medium
having a relatively higher solvent power
for carbon monoxide,

As another phase of the invention, a
cooling medium is employed, which has
a relatively high solvent power for the
products of the reaction as well as for the
reactants so that a substantial portion of
the reaction products may be withdrawn
from the reaction zone with the heat
adsorption medium and thereby reduce
the dilution of reactants with reaction
products in subsequent sections of the
reaction zone.

Among the fluids which ave particu-
larly suitable as a suspension medium for
the ecatalysts in the synthesis of liquid
hydrocarbons from carbon monoxide and
hvdrogen are oxygenated organic com-

pounds, such as alcohols, ethers and
esters, containing over 20 carbon atoms
-For example, oxygenated compounds

produced by partial oxidation of paraffin
wax and petrolatum, particularly oxida-
tion products which have been hydrogen-
ated to render them relatively stable, may

be used to advantage.

While such oxygenated compcunds are
particularly advantageous due to their
relatively high solvent power for carbon
monoxide, other heat absorption liquids 70
may be employed, such as hydrocarbon
fractions ranging from gas oil to, and
including heavy lubricating oils or
petrolatum. Such hydrocarbon fractions
may be obtained from the process or from 75
an extraneous source. Also inorganic
compounds, such as metallic salts of
organic or inorganic acids, liquid under
the conditions maintained within the
reaction zone and aqueous salt solutions 80
may be used.

Vith the above nature and objects in
view, the invention will be best under-
stood from the moare detailed description
hereinafter in which reference will be 85
made to the accompanying drawing in
which; Figure 1 is a diagrammatic illus-
tration of apparatus suitable for carrying
the invention into effect, and Figure 2 is
a fragmentary secticnal view of the reac- 90
tion chamber showing the construction of
the bubble trays.

In the following detailed description
the invention will be described with
repect to the formation of liguid hydro- 95
carbons from carbon monoxide and
hydrogen, it being understood that the
invention, in some of its broader phases,
will have more general application.

Referring to Figure 1, the carbon 100
monosxide and hydrogen to be reacted in
the ratio of about two vclumes of hydrogen
to one of carbon monoxide is introduced
into the reaction chamber 10 through line
11 at a temperature of about 370° F., 105
wherein the reactant gases pass in direct
countercurrent contact with the catalyst
suspended in a heat absorption medium of
the character hereinbefore described. The
reaction chamber is provided with suit- 110
able gas liquid contact elements such as
bubble trays 12, to effect intimate con-
tact between the gases and the fluid
medium. The gas liquid contact elements
should be so constructed as to cause con- 115
stant agitation of the suspension to pre-
vent the catalvst {from separating from the.
heat absorption liquid medium within the
reaction zone. The construction shown in
detail in Figure 2 is of particular advan- 120
tage. In accordance with this construe-
tion, the vapor nozzles 13 in the bubble
trays 12 are upwardly curved and the bell
caps 14 are in the form of a mushroom to
provide a stream lined construction so as 125
to avoid the formation of pockets in which
the suspension might collect. As shown,
some of the bell caps are provided with
downwardly extending tubes 15 through
which the suspension overflows from one 130
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tray to the next succeeding lower tray.
The ends of the tubes extend below the
level of liquid in the tray to provide a
liguid seal. The bell caps are supported
on the trays by suitable spiders (not
shown). In lieu of forming the overflow
tubes 15 in the bell caps as shown,
separate overflow pipes for the liquid
suspension may be provided.

The suspension may be introduced into
the top of the reaction chamber 10 through
line 16 or through any one or more points
longitudinally of the reaction chamber
through inlet pipes 16' connected with
the manifold 17 at a temperature not
exceeding about 870° F. The suspension
may be prehgated to the minimum desired
reaction temperature of about 870° F.,
before being introduced into the reaction
chamber or it may be infroduced at a
somewhat lower temperature and heated
to reaction temperature by the reaction
products passing through the upper por-
tion of the chamber. In the latter case,
the upper section of the reaction chamber
serves as & heat exchanger. The suspen-
sion is passed through the reaction
chamber 10 at such a rate that a tem-
perature above about 410° F. is never
exceeded.

The amount of heat absorption liquid
employed will depend upon whether the
liquid is partially vaporizable or un-
vaporizable under the conditions main-
tained in the reaction zone, the heat con-
ductivity of the medium and other factors.

For example, when employing oil as a
heat absorption medium having from 5 to
109, vaporized during its passage through
the reaction zone, such as a refined turbine
oil having a flash point of from 880—
390° F., the circulation in the neighbour-
hood of 100 gallons of the oil through
the reaction zone for each gallon of oil
produced will be required. When using
a substantially non-vaporizable oil such
as an oil having a flash point above 500°
F., the circulation of 200 or more gallons
of oil for each gallon of oil produced will
be required.

The suspension saturated with reaction
products after passing through the reac-
tion chamber is withdrawn from the
bottom through line 18 and may be with-
drawn from the process through line 19
or a part or all of it may be cooled to the
desired minimum temperature and re-
cycled to the top of the reaction chamber
after being subjected to revivification and
recovery treatment. To this end, a part
or all the suspension may be forced from
line 18 by means of pump 20 through line
21 and 22 to a heab exchanger 28, where-
in the suspension is cooled to the desired

minimum reaction temperature for re-

cyeling to the reaction chamber 10. The
cooled suspension is then passed through
line 24 to the inlet pipes 16 and 167,
Before returning suspension withdrawn
from the bottom of the reaction chamber,
a part or all may be passed through line
25 to suitable separators, such as cenfri-
fuges, filter-beds, precipitators or settling
tanks for removal of the catalyst and
other solids. The separator unit is shown
diagrammatically as rectangle 26. The
catalyst so separated may be revivified
and reused. Fresh catalyst to make up
for that withdrawn may be introduced
through line 27 which merges with line
24. A part or all of the liquid removed
from the separator 26 may be withdrawn
from the process through line 28 or re-
cycled to the process either directly
through lines 29 and 30 or affer first pass-
ing via line 31 to a liquid fractionator
such as a distilling and fractionating unit
or a solvent separator for removing
surplus reaction products. The liquid
fractionator is shown diagrammatically as
rectangle 82. A solvent separator may be
used instead of a distilling and fraction-
ating unit whenever the difference in boil-
ing range of the heat absorption medium
and absorbed liquid reaction products

‘does not permit separation by distilla-

tion. When employing oil as the heat
absorption medium which is produced in
the process or from an extraneous source,
the liquid fractionating equipment may
be dispensed with and surplus oil removed
from the reaction chamber may be with-
drawn through line 19 or 28. If desired,
a part or all of the total suspension may
be passed to the liquid separator 82 from
line 22 through lines 33 and 381 without
first being treated in separator 26 to
remove solids therefrom.

Surplus liquid or reaction products
separated in the separator 82 are removed
through line 34 and the remainder is re-
cycled through line 35,

Returning now to the reaction chamber
10, the gaseous products affer passing
through the reaction chamber pass over-
head through line 36 to a coil 87 located
in the condenser 38 from whence they
pass through line 39 to a receiver 41.

The products from the condenser coil
87, after passing into the receiver 41,
separate into vapors and liquid produects.
The liquid products which comprise water
and light liquid hydrocarbons are with-
drawn from the receiver 41 through line
42 and passed to a water separator 48.
The condensate is removed through line
44 and the water through line 45. The
uncondensed gases separated in the
receiver 41 pass overhead through line
46. If desired, these gases may be with-
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496,159

drawn from the system through line 47, or
a part or all of the gases may be recycled
through line 48 and compressor 49 to the
reaction chamber for further treatment.

While puarticular emphasis has been
laid on the method of regulating the
temperature within the reaction chamber
within prescribed limits, it will be under-
stcod that the invention in its entirety
embraces the complete process involving
the separation of the reaction products
from the catalyst and cooling medium, the
separation and reconditioning of any of
the portion of the catalyst withdrawn
from the reaction zone, the cooling and
recycling of the catalyst and cooling
medium and such other steps and combi-
nation of steps hereinbefore described
which contribute foward a more efficient
and economical operation of the process.

When applying the invention to the
production of liquid hydrocarbons from
carbon monoxide and hvdrogen, the
following example may be helpful, it
being understcod that the example is
illustrative rather than limitative.

A gas mixture containing 249, ecarbon
monoxide and 509 hydrogen by vclume
and the remainder inert, is preheated to
a temperature of 380° F. and charged to
a reaction chamber containing 50 bubble
travs of the structure illustrated in the
drawing, at a rate of 1000 cu. ff. per hr.

‘A catalyst suspension containing about

2 1b. of {fresh finely divided nickel
catalyst  activated with  magnesium
aluminum oxide is suspended in one

gallon of sulfur free oxidized paraffin
wax. This suspension is charged through

the reaction chamber at a rate of 800
gallons per hour.

The reaction produces about one gallon
of liquid hydrocarbons for each 1000 cu.
ft. of gas charged.

We are aware that a process for the
catalvtic production of ethylene from
acetylene and hydrogen has already been
suggested wherein the said initial gases
are passed in a finely distributed condi-
tion and at an elevated temperature, such
as 150° to 160° C., through an inert
liquid containing the catalyst in suspen-
sion; also that it has already been
suggested in the production of liguid
hydrocarbons and oxygen derivatives of
hydrocarbons by treating carbonaceous
liquids or gases in the liquid or gaseous
phase with hydrogen or a gas containing
or supplymg hydrogen at elevated tem-
peratures and under pressures higher than
20 atmospheres in the presence of
catalvsts, to employ the step of adding
either before or during the reaction a
medium which is liquid under the condi-
tions of working and which does not take

part in the reaction of the said carbon-
aceous materials, it being stated that the
catalyst can be added in a state of fine
dispersion to the initial material for
example, mineral oil, or to a solvent or
to both, and that it is advantageous fo
work in such & manner that the liquid in
the reaction chamber is continuously
removed therefrom and conducted back
again into the same while avoiding
cooling. -

Having now particularly described and
ascertained the nature of omr said inven-
tion and in what manner the same is to
be performed, we declare that what we
claim is:—

1. A method of maintaining within
desired limits the temperature of gases
undergoing exothermic catalytic reac-
tions, which method comprises passing the
gases to be reacted through a reaction zone
containing a catalyst suspended in a fluid
medium, which is capable of absorbing
heat and which is passed through the reac-
tion zone at a rate that will prevent the
temperature therein from exceeding a
preseribed maximum.

9. A form of the method claimed in
Claim 1, sherein the fluid medium is
partially vaporisable.

3. A form of the method claimed in
Cleima 1 or in Claim 2. wherein the fluid
medinm bearing the catalyst in suspen-
sion is passed through the reaction zone
in countercurrent with the reacting guases.

4. A form of the method claimed in any
of Claims 1 to 8, wherein the whole or
part of the suspension after leaving the
reaction zone is cooled and then returned
to said reaction zone.

5. A process for carrying out exothermic
gas reactions in the presence of a catalyst
and comprising the method of tempera-
ture control claimed in any of Claims 1
to 4. wherein non-gaseous reaction pro-
ducts contained in the suspension are
removed from the suspension when it is
withdrawn from the reaction zone.

8. A form of the process claimed in
Claim 5, wherein at least a portion of the
catalyst is separated from the suspension
when the latter is withdrawn from the
reaction zone, such separated catalyst
being then revivified and combired with
the cooled suspension before the latter is
returned to the reaction zone.

7. A form of the invention as claimed
in any of Claims 1 to 6, wherein the
gaseous 1mixture treated consists of
carbon monoxide and hydrogen, such mix-
ture being passed through the reaction
zone at an initial temperature of from
970° to 380° F. and the passage of sus-
pension liquid through the reaction
chamber is controlled so as to maintain a

70

75

80

85

90

95

100

105

110

115

120

125

130



496,159

10

(15

~20

25

=80

temperature therein between 875° F. and
410° F.

8. A form of the invention claimed in
Claim 7, wherein the catalyst consists of
nickel activated with oxides of aluminium,
manganese or thorium,

9. A form of the invention claimed in
any of Claims 1 to 8, wherein some of the
reaction products are separated from the
unreacted gases within the reaction zone.

10. A form of the invention as claimed
in any of Claims 1 to 9, wherein the react-
ing gases are carbon monoxide and
hydrogen, characterized in that the fluid
medium in which the catalyst is sus-
pended consists of an oxygenated organic
compound, such as an alecohol, ether or
ester, containing more than twenty carbon
atoms.

11. A form of the invention claimed in
Claim 10, wherein the oxygenated organic
compound is produced by partial oxida-
tion of paraffin wax or petrolatum, which
may or may not be hydrogenated.

12. In the process for the conversion of
carbon monoxide and hydrogen into
hydrocarbons wherein a mixture of said
gases is caused to pass through a reaction
zone in countercurrent contact with a sus-
pension comprising a reaction catalyst
contained in a heat absorption medium
and the suspension is passed through the
reaction zone at a rate which will main-

tain the reaction temperature below a
prescribed  maximum  whereby non-
gaseous reaction products are formed in
the reaction zone; the improvement which
comprises continuously withdrawing the
suspension containing the non-gaseous
products from the reaction zone, separat-
ing the reaction products from the suspen-
sion so withdrawn, separating at least a
portion of the catalyst from the suspen-
sion, cooling the remainder of said sus-
pension, adding fresh cabalyst to said
suspension to compensate for that separ-
ated, cooling the suspension to a pre-
scribed minimum reaction temperature
and returning the same to the reaction
zone,

18. A form of the method claimed in
any of Claims 2 to 11, wherein the heat
absorption medium is a refined petroleum
oil having a flash point of from 880° to
390° F.

14.  The process of forming liquid
hydrocarbons from carbon monoxide and
hydrogen claimed in any of Claims 7 to
18, carried into practice by means of the
apparatus hereinbefore described with
reference to the accompanying drawings.

Dated this 26th day of November, 1987.

D. YOUNG & CO.,
11 & 12, Southampton Buildings,
London, W.C.2,
Agents for the Applicants.

Abingdon : Printed for His Majesty’s Stationery Office, by Burgess & Son.
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