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The present invention relates to the synthesis
of hydrocarbons from synthesis gas mixtures
comprising carbon monoxide and hydrogen. In
a more particular aspect, it relates to a method
for carrying out the process known as the Fisch-
er-Tropsch reaction while controlling the tem-
perature in-a novel manner. :

In carrying out the Fischer-Tropsch reaction
on a large scale, efforts have been hampered
considerably by difficiilties in dissipating the large
amount of heat evolved .in this reaction. The
minimum amount .of heat which must -be dissi-
pated is approximately.48,000 calories in accord-
ance with gram-molar quantltles in the follow-
ing equation:

2H2+CO—->—(CHz) —-+H20

Additional, but smaller amounts of heat are
evolved in the polymerization .of —(CH2)-— or
methylene radicals.into: hlgher and. more stable
olefinic compounds.

Previous commercial practice has been to dissi-
pate this exothermic:heat of reaction by confin-
ing the catalyst in tubes of small diameter, usual-
ly less than -one inch, and surrounding ‘these
tubes with some liquid which may absorb the
heat of reactionat constant temperature as latent
heat of vaporization. This type of - operation
has, of course, led to reactors of complicated
design which have added greatly to the cost of
production of liguid hydrocarbons.by:this process.

The use of liquid coolants in -direct contact
with the catalyst and reacting gases as a means
of removing the heat of reaction has been men-
tioned previously in the patent literature. Prac-
tically all of the heat is.removed in such cases
as latent heat of evaporation of the liquid cool-
ing agent. The liguid cooling agent may be what
is termed a “proper oil,” that is, a recycled por-
tion of the products -of reaction, or it may be
some extraneous liquid.

Tt is an object of the present invention to pro-
vide a process for carrying out the synthesis of
hydrocarbons from carbon monoxide and hydro-
gen while maintaining the temperature of reac-
tion within close limits. It is a further object of
the present invention-to utilize liguid-coolants
for ahsorbing heat of ‘reaction ‘in the Fischer-
Tropsch process, in anovel manner, Other ob-
jeets will be apparent from the disclosure below.

T have found that the successful -maintenance
of the reaction temperature within closely con-
trolled limits by the use of liquid coolants'is de-
pendent on the nature of the liguid coolant, -par-
ticularly its boiling point, and the reaction pres-
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sure and temperature. ‘It has been shown that
the closest temperature control in this type of
operation is obtained when for a ‘given liguid
coolant and reaction temperature, the pressure
of the reaction is adjusted so that the liquid
coolant is substantially at its boiling point.

In other words, the present invention:resides
in the coordination of toiling point of coolant
with reaction temperature and pressure so that
the coolant is introduced at substanmally its boil-
ing point, under such conditions, that a-substan-
tial proportion thereof, at least, is' in the liquid
phase. In this way the maximum cooling effect

is realized by absorption of the required amount
.of heat as latent heat of vaporization of the lig-

uid. This permits ready control of temperature

at the predetermined boiling point.

The liquid coolant and synthesis gas mixture

.composed of hydrogen and carbon monoxide may

be introduced concurrently, but the preferred
procedure is introduce them in countercurrent
fashion with the coolant flowing downward by

.gravity over the catalyst. At no point in-the re-

action chamber should the liquid coolant estab-
lish a liquid level.

If the reaction pressure is such that at reaction
temperature the liguid coolant is above its boil-
ing point, excessive vaporization or flashing of
the coolant at the point of entry would take place,
thus tending to cool the reactor at this point-and
predominantly vaporizing the liquid coolant be-
fore it had a chance to drain down the catalyst
bed. If, on the other hand, the reaction pressure
is such that at reaction temperature the liquid
coolant. is appreciably below its boiling point, the
exothermic heat of reaction tends to increase the
temperature of the coolant to some point inter-
mediate between the boiling temperature and re-
action temperature. Therefore, under these con-
ditions, ‘the reaction temperature would not be

- constant throughout the reaction zone. -

In the Fischer-Tropsch reaction, when cata-
lysts ‘known  to the prior art, such as cobalt-
thoria-kieselguhr, nickel-thoria, or iron'catalysts
are used, it is necessary, as the catalyst deterior-
ates, to increase the reaction temperature over
a period of time in order to maintain the con-
version level and, consequently, the production
level constant. In accordance with the present
invention, the reaction pressure is increased to
correspond to increases in reaction temperature
in order to maintain the cooling fluid under sub-
stantially boiling conditions. - With cobalt and
iron ecatalysts, the temperature increase during
their useful life may be of the order of 50-90° F
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As cooling liquids, fractions of the Fischer-
Tropsch product may be used. A fraction, for
example, boiling in the range 295-305° F.. has been
found particularly useful and may be operated
in the reaction pressure range of 3040 p. s. i. g.
at a reaction temperature of 392° F. with a co-
balt-thoria catalyst. Extraneous liquid hydro-
carbons may also be used provided they are sub-
stantially sulfur-free, non-aromatic, and, prefer-
ably, saturated. Water is a preferred cooling

10

medium since it is more easily separated from the -

Fischer-Troosch product. Operating - pressures
will be in the neighborhood of 290-310 p. s. i. g.
when water is used as the cooling medium. Fur-
thermore, the latent heat of vaporization of water
per gram is much greater than that of hydrocar-
bons, so that a much smaller quantity of water is
required to maintain the temperature constant.
-In general, the coolants selected are liquids which
are inert in the reaction.

In general, for hydrocarbon coolants, the ratio
of coolant to product formed will be between 40
and 100, whereas in the case of water as a cool-
ant, ratios as low as 15 may be used.

In the case of catalyst chambers whose diame-
ter is much less than the length of the chamber,
multipoint injection of the cooling fluid may he
necessary. According to the present invention,
the diameter of the catalyst chamber for efficient
cooling is not limited.

In the present invention, catalysts known to the
prior art may be used such as cobalt-thoria, iron,
nickel-thoria. Reaction temperatures will de-

pend upon the catalyst employed.. For cobalt-.

thoria type catalysts, the temperature range is
approximately 180-220° C. For nickel-thoria type
. catalysts, the temperature range is approximately
170-200° C., and for iron catalysts, 220-280° C.
Space velocities normally employed for cobalt-
thoria and nickel-thoria catalysts will be in the
neighborhood of 100 volumes of synthesis gas
(NTP) per volume of catalyst per hour. For iron
catalysts, space velocities may be as high as 150
or even 300. Reaction pressures may vary from
atmospheric to 500 p. s. i. g. In general, for co-
balt- and nickel-type catalysts, the synthesis gas
will . consist of two parts of hydrogen to one of
carbon monoxide. Frequently, with iron cata-

lysts, the synthesis gas is composed of one to two .

parts hydrogen to one part of carbon monoxide by
volume.

The following examples illustrate the mode of
operation of this invention:

Example I

A series of runs were made in a 3’ I. D. steel
reaction tube. The catalyst used consisted of
100 parts cobalt metal, 18 parts of thorium di-
oxide and 100 parts of diatomaceous earth. The
reaction tube was surrounded by a water jacket
maintained at the desired reaction temperature.
The space velocity of reaction gases, consisting
of two parts hydrogen and one part carbon mon-
oxide by volume, was 100 volumes per volume of
catalyst per hour. Approximately 3 liters of cata-
lyst was charged to the reactor. The liquid cool-
ant was charged to the top of the reactor and
the flow of gas was countercurrent. A hydrocar-
bon alkylate with a boiling range of 295-305°
at 760 mm. pressure was used as liquid coolant.
This alkylate was a fraction obtained from the
alkylate produced by isobutane-ethylene alkyla-
tion in the presence of aluminum chloride. In
the following table, the conversions, rates of flow
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of liquid coolant, and maximum temperature
spread throughout the catalyst bed are given.

P(i_ri_:{ent
Temper- { (yoolant | COBVer- |Reaction gcte?l.
Pressu{e, Satr‘é;% Rate, | poreont D’I(‘aglprle% G0
p.s. 1. p°F ) ce./hr. co oF 2 Con-
3 . verted
to Cs+
' 50 6 1,000 90 410 50
2 0 1,200 90 410 35
2 1o | 2160 90 40 %

1 The liquid coolant boils at 410° F. under a pressure of approxi-
mately 50 p. s. 1.

The above results clearly indicate the increased
cooling efficiency obtained by proper coordination

_ of temperature and pressure with boiling point of
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coolant. At 50 p.s.i.and 410° F., the temperature
spread is only 6° while the extent of conversion of
CO to C3+ is 50%. At higher pressures, the vol-
ume of coolant is much greater and greater tem-
perature spreads and much lower yields are ob-
tained.

Ezample I1

Under the same .conditions of space velocity
and temperature as in Example I, water was used

. as the cooling agent. The reaction temperature
“was 410° F., and the reaction pressure was main-

tained at approximately 280 p. s. i. The maxi-
mum temperature spread throughout the reactor
was 5° F. when 600 cc. of water per hour was
charged to the reactor. The percentage of re-
acted carbon monoxide converted to C3-+ was ap-
proximately 50 per cent.

Ezxample IIT

~ Under conditions similar to those described in
Example I, various coolants were utilized while
allowing the temperature to increase to compen-
sate for deterioration of catalyst over a period of

~time, so as to maintain constant conversion of
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CO. At the same time, the pressure was also
gradually increased in order to maintain condi-
tions at approximately the boiling point of the
coolant.. The conditions of opera,tlon are shown
in the following table:

Approx- Approximate
: imate Re- Pressure
Catalyst action Coolant Range,
Temper- p. S i.
ature Range (gauge)
9, -
Cobalt._..... 180-220 | Water ... .. ... 125-325
Normal Heptane___.___. 125-160
Nickel.. ... 170-200 | Fischer-Tropsch prod-
uct (B. P. 295-305°
T.). 0-10
Normal decane_......... 0-15
Iron........ 220-280 | Water. ..o oo 340440
Normal Heptane___._... 185440

Under the conditions described, the desired re-
action temperatures and yields were substantially
maintained with constant volumes of coolant.

I claim:

1. In a process for the synthesis of hydrocar-
bons by the catalytic conversion of carbon mon-
oxide-hydrogen mixtures, the improvement which
comprises contacting said mixtures in a synthe-
sis reaction zone with an iron catalyst at a tem-
perature within the range of 220 to 280° C. and
at a pressure within the range of 185 to 440
pounds per square inch gauge, maintaining a

.body of liquid coolant in said synthesis reaction

zone, introducing said coolant to said reaction
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zone at the boillng point of said coolant and at
the synthesis reaction temperature within the
range of 220 to 280° C., countercurrently to the
flow of said gaseous mixtures with coolant flowing
downwardly by gravity over said iron catalyst
without establishing a liquid level in said reac-
tion zone, and regulating the pressure in said re-
action zone within the range of 185 to 440 pounds
per square inch gauge so as to maintain said
coolant at its boiling point.

2. A process according to claim 1 wherein the
coolant is water and the pressure is within the
range of 340 to 440 pounds per square inch gauge.

3. A process according to claim 1 wherein the
coolant is normal heptane.

ALFRED CLARK.
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