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1

This inventjon relates to an improved method
of hydrogenating a carbon oxide to produce hy-
drocarbons and oxygenated organic compounds.
In a specific aspect this invention relates to the
reaction of hydrogen and carbon monoxide in
the presence of a fixed bed reduced iron catalyst
to produce organic compounds. In one embodi-
ment this invention relates to a novel method of
contacting a gaseous mixture of hydrogen and
carbon monoxide with a fixed bed reduced iron
catalyst.

There are various methods of operating a hy-
drocarbon synthesis reaction, commonly termed
the Fischer-Tropsch synthesis reaction, wherein
a gaseous mixture of hydrogen and carbon mon-
oxide is contacted with a suitable catalyst at an
However,
the two methods that have received the most
attention and that have been developed com-
mereially are the fixed bed process and the fluid-
ized bed proecess. The latter process has a num-
ber of advantages over the former such as higher
productivity per volume of eatalyst, higher effi-
cleney of production of desirable products, and
greater flexibility of operating conditions.

Various materials catalyze the hydrocarbon
synthesis reaction. Metals selected from group
VIII of the periodic system and including iron,
cobalt, nickel, and ruthenium have been used,
and these metals may be promoted with known
promoting materials, such as oxides of the alkali
and alkaline earth metals, silica, thoria, and the
like and supported upon known supporting mate-
rials, such as kieselguhr. Promoted and reduced
iron catalysts are especially desirable because of
the low cost and availability of the iron. How-
ever, iron catalysts are sensitive to water vapor,
and, in contact with a gas having even a rela-
tively low water to hydrogen ratio, iron is oxid-
ized to iron oxide in accordance with the equation

Fe+H20->FeO-+Hs

Consequently, the catalytic activity of the iron
is diminshed. ¥or the above reaction the equi-

librium mol ratio of water to hydrogen is about -

0.1 at typical hydrocarbon synthesis conditions,
i. e. a temperature of about 600° F. and a pres-
sure of about 300 p. s. i. Since the efluent gas
from a hydrocarbon synthesis, effected with a

recycle ratio of normally gaseous reaction effluent -

to fresh feed gas of 3.4:1 and at a conversion
level of carbon monoxide about 98 per cent, may
contain 7 mol per cent water as a reaction prod-
uct and 28 mol per cent hydrogen for a mol ratio

of water to hydrogen of 0.25, it is evident that ¢

conditions exist within the reactor which affect
the catalyst adversely in accordance with the
above equation. If water is introduced to the
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reactor with the feed gas, the adverse conditions
are aggravated. Also, if the synthesis is effected
with a recycle ratio of normally gaseous reaction
efiluent to fresh feed gas lower than 3.4:1, which
is more desirable for economical operation, the
mol ratio of water to hydrogen is higher than
0.25, s )

With a fluidized bed method of operating, the
adverse poisoning effect of water vapor is not a
serious factor. The finely divided catalyst par-
ticles are in continual turbulent motion, and they
migrate between zones of reducing conditions
near the feed gas inlet and zones of oxidizing
conditions. The net effect of the turbulent
movement and migration is a bed of catalyst of
substantially uniform activity, and the effect of
the water vapor on the iron catalyst is relatively
slight. - By suitable adjustment of the types and
amounts of promoting materials that are added
to the iron catalyst the effect of the water vapor
can be further reduced.

In a fixed bed method of operating, the adverse
poisoning effect of water vapor is much more
serious and detrimental than in a fluidized bed.
During operation that portion of the ecatalyst
bed near the outlet for the reaction efluent is in
contact with a gas having a high mol of water
to hydrogen, and, as a result, that portion of the
catalyst bed becomes deactivated. Thus, high
conversion of carbon monoxide per pass cannot
be effected in a conventional fixed bed system,
and in actual practice a two or more step process
with condensation and removal of water between
steps is used to obtain high carbon monoxide
conversion levels. 'The effect of the water vapor
may be partially prevented by the use of rela-
tively low reaction temperatures with a highly
active catalyst. However, this method of opera-
tion is disadvantageous since the lower tempera-
ture processes are less flexible as to the type of
products than the higher temperature processes

and since the products from lower temperature

processes are more highly paraffinic and less de-
sirable for motor fuels than the products from
higher temperature processes. The adverse
poisoning effect of water vapor may be avoided
by using catalysts other than iron, such as cobalt.
Cobalt is relatively insensitive to water vapor
in a hydrocarbon synthesis process since the
equilibrium molar ratio of water to hydrogen at

‘a. temperature of 600° F. and a pressure of 300

p. 8. 1. is 80 for the reaction
Co-}+Hz0->CoO+}-He
However, cobalt catalysts are expensive for com-

mercial use in a hydrocarbon synthesis.
It is an object of this invention to provide a
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novel process for effecting hydrocarbon synthesis
reactions.

1t 3s ancther object of this invention to provide
a novel process for contacting a gaseous mixture
of hydrogen and carbon monoxide with a fixed
bed of catalyst for the reaction to produce 0Or-
ganic compounds.

Tt iz @ further object of this invention to pro-

vide & novel process for contacting a gasecus
mixture of hydrogen and carbon monoxide with
a fixed bed of an iron catalyst in a manner that
the undesirable affect of water vapor is avoided.

It is a further object of this invention to avcid
difficulties encountered in the prior art in con-
tacting o gaseous mixture of hydrogen and car-
bon monoxide with a fixed bed iron catalyst to
produce hydrocarbens and oxygenated deriva-
tives thereof.

Further and additional objects of this inven-
tion will be readily manifest from my disclosure
hereinbelow.

T have found that, when using a fixed bed iron
catalyst for a hydrocarbon synthesis reaction, the
adverse effect of water vapor can be avoided by
periodically reversing the direction of flow of the
feed gas through the bed of catalyst. The feed
gas which consists of fresh synthesis gas and
recycle gas is alternately passed into one end of
the reactor and then the other. During that part

-of the operating cycle that the flow of gas is in

one direction the catalyst in the portion of the
catalyst bed nearest the outlet of the reactor
for withdrawal of reaction effuent therefrom be-
comes deactivated by the oxidation of the iron
in the presence of the water vapor., When the

flow of gas through the catalyst bed is reversed,

the deactivated catalyst is reactivated in the re-
ducing medium of the influent gas, and the cata-
lyst in the portion of the catalyst bed at the op-
posite end of the bed becomes deactivated.

My invention can be readily understcod by re-
ferring to the accompanying drawing and the
discussion hereinbelow. The accompanying
drawing is & schematic diagram of one method
of effecting my process. Conventional equipment,
such as pumps, compressors, and the like, has
not been included in this drawing in order ic
facilitate the understanding of my process, hub
the inclusion of such equipment is within the
scope of my invention.

The eatalyst that is used in my fixed bed proc-
ess is preferably a reduced iron catalyst, and it
may have incorporated therewith prometing ma-
terials, such as aluminum oxide, potassium oxide
and calcium oxide in suitable proportions. In
lieu of a reduced iron catalyst my process may
also be practiced with a sintered iron catalyst.

The preferved temperature range is 285 to 320°
C., but temperatures outside this range may he
used. The pressure is superatmospheric and
usually within the range of 5 to 20 atmospheres.
Whenever the flow of gaseous reactants through
the .catalyst bed is reversed in my process, the

. reversal of flow is effected without any change

in pressure. The space velocity of gaseous re-
actants through the catalyst bed is preferably
within the range of 50 to 500 volumes of fresh
synthesis gas per volume of catalyst per hour.
The fresh synthesis gas contains hydrogen and
carbon monoxide in molar ratios within the
range of 1:1 to 3:1 andg preferably within the
range of 3:2 to 2.3:1.

Fixed bed hydrocarbon synthesis processes are
usually practiced with a recycle of at least a
portion of those components of the reaction efiilu-
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ent containing no more than three carbon atoms
per molecule. This recycle gas from the reaction
is used to dilute the fresh synthesis gases and to
remove exothermic heat of reaction from the
synthesis zone, Consequently, the recycle gas
serves as a means for controlling the tempera-
ture of the synthesis reaction. Hydrocarbon syn-
theses may be practiced with volumetric ratios
of recycle gas to fresh synthesis gas of 4:1 and
higher, but in my process I prefer to use recycle
ratios not above 2:1. As pointed out above, ab
these recycle ratios the molar ratio of water to
hydrogen in the reaction zone affects the catalyst
adversely, but my process overcomes this adverse
affect quite effectively.

In my process the flow of gas through the cata-
lyst bed is continued in one direction until the
portion of the catalyst bed at the exit of the
flowing gases from the catalyst bed becomes sub-
stantially deactivated by oxidation of the cata-
lytic iron to iron oxide. The flow of gases through
the bed is then reversed without any change in
pressure. BY reversal of the gas flow the de-
activated oxidized iron is contacted with fresh
synthesis gas which reduces the oxidized iron to
catalytically active iron. The synthesis reaction
is continued with the gases flowing in the re-
versed direction until the portion of the catalyst
from which the reaction effluent is now emitted
becomes substantially deactivated by oxidation
of the iron. The flow of gases is again reversed
without change in pressure, and the deactivated
catalyst is reactivated while the synthesis reac-
tion is continued. The length of time that the
flow of gases is maintained in one direction or
the optimum cycle length depends upon a number
of variables, such as fresh synthesis gas compo-
sition, recyecle ratio, reaction temperature, space
velocity and the like. The optimum cycle length
is usually within the range of 10 to 45 minutes,
and at my preferred operating condition 30 min-
utes is the optimum cycle length.

The fixed bed of catalyst in my process may
be of uniform catalytic activity throughout prior

to passage of synthesis feed gases therethrough,

but in an alternative embodiment of my inven-
tion the catalyst bed is composed of iron catalysts
of differing degrees of activity. Since, in the
eyclic process I have described hereinabove, it
will not ordinarily be practical to operate with
cycle lengths such that the portion of the catalyst
bed at the entrance of the synthesis gas is com-
pletely reduced from iron oxide to iron, a more
uniform catalyst activity throughout the catalyst
bed is obtained by using a more active catalyst
in the portions of the catalyst bed where the
alternating oxidation and reduction of the cata-
lyst occurs than in the central portion of the
catalyst bed where substantially less oxidation
and reduction of the catalyst occurs. In the de-
scription of the accompanying drawing herein-
below the relative proportions of the more active
and the less active catalysts will be set forth.
For the alternative embodiment the more ac-
tive catalyst and the less active catalyst may be
obtained or produced in any suitable manner.
For example, the more active catalyst may be an
iron catalyst that has not been used as a catalyst
for & synthesis reaction or it may be an iron
catalyst that has been reactivated after use in a
hydrocarbon synthesis, The less active catalyst
may be an iron catalyst that has been partially
deactivated by use in a hydrocarbon synthesis
reaction. Alternatively, instead of using the
more and the less active catalysts in my process,
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catalysts containing differing proportions of pro-
moting materials incorporated therein may be
used. Potassium oxide, when added to an iron
catalyst, enhances the formation of normally
liguid products during a hydrocarbon synthesis
reaction, but the proportion of potassium oxide
in the catalyst must be kept relatively low in
order to prevent the formation of considerable
quantities of heavy waxy hydrocarbons during
the synthesis reaction. Tron catalysts containing
from 0.05 to 1.0 weight per cent potassium oxide
are suitable for hydroearbon synthesis reactions,
and in my process the catalyst in the portions of
the catalyst bed at the inlet and outlet extremi-
ties of the bed may contain proportions of potas-
sium oxide within this expressed range. Since,
in the central portion of the catalyst bed the
concentration of reactant gases is lower than in
the portion of catalyst bed nearer the point of
introduction of feed gases, catalyst in the central
portion of the bed may contain higher propor-
tions of potassium oxide than the catalyst at the
extremities of the bed. For example, the catalyst
in the central portion of the bed may contain
from 0.25 to 2.0, preferably 1.5, weight per cent
potassium oxide. Tn place of potassium oxide
other alkali metal oxides may be incorporated in
the same provortions set forth above in the cata-
lyst for my process.

Referring to PFigure 1, synthesis gas containing
hydrogen and carbon monoxide in a molar ratio
of 2:1 enters the system via, line |. Recycle gas,
from a source to he deseribed infra, is admixed
with the synthesis gas in a volumetrie ratio of re-
cycle to synthesis gas not above 2:1, and the
gaseous mixture vasses via line 2 and valve 2 to
reactor 4. During this stage of the process valves
2 and 5 are open, and valves 6 and T are closed.
Reactor 4 contains a fixed bed of an iron catalyst
shown as zones A, B and C. Tn zones A and C,
each of which represents about 25 per cent of the
total catalyst hed, the iron catalyst contains about;
0.5 weight per cent potassium oxide in addition
to other known promoting metallic oxides. Tn
zone B, which represents about 50 per cent of the
total catalyst bed, the iron catalyst contains ahout
1.5 weight per cent potassium oxide. In reactor 4
the hvdrocarbon synthesis reaction is effected at
conditions set forth above, and the reaction efflu-
ent is withdrawn via, line 8 and valve 5. Thence,
the reaction effluent passes via line 9, condenser
10 and line 11 to separator {2 where the normally
liquid reaction vroduect is separated and with-
drawn via line 13. The normally liquid product
may then be subjected to further treatment, by
means not shown, for recovery of the hydrocar-
bons and oxvgenated organic compounds con-
tained therein. Normally gaseous reaction efflu-
ent is withdrawn from separator 12 via line | 4,
and at least a portion thereof is reeycled to re-
actor 4 via line I5. Any gaseous efluent not re-
quired for further operation of my process is
vented via line I§.

The cycle of operations, described supra, is con-
tinued until the catalyst in zone C of reactor 4
becomes substantially deactivated by oxidation of
the catalytic iron to iron oxide. Then valves 2
and § are closed, and valves 6 and T are opened,
and, consequently, the flow of gases through re-
actor 4'is reversed. The feed gas now enters re-
actor 4 via valve 6 and line { 1, and the reaction
effluent is withdrawn from reactor 4 vis line I8
and valve 1. The reversal of flow is effected with-
out any substantial change in pressure in re-
actor 4, and the flow of gases in the reversed di-

6

rection is continued until the catalyst in zone A

becomes deactivated. During this time the cat-~

alyst in zone C has been reactivated by the re-

ducing action of the feed gas on the oxidized iron,
5 and upon deactivation of the catalyst in zone A
the flow of gases is again reversed by opening
valves 8 and § and by closing valves § and 1. The
flow of gases is now in the direction of flow as
originally described, 'The flow of gases through
reactor 4 is usually maintained in one direction
for about 30 minutes.

From my disclosure various modifications of
my invention will be apparent o those skilled in
the art, but these modifications will fall within
the scope of my invention,

Iclaim:

1. The method of producing organic com-
bounds from a gaseous mixture of hydrogen and
carbon monoxide which comprises contacting
said gaseous mixture wiih a fixed bed of an iron
catalyst at an elevated temperature and at a
superatmospheric pressure until a vortion of said
catalyst becomes deactivated by oxidation to iron
oxide, periodically reversing the direction of flow
of said gaseous mixture through said fixed bed of
catalyst without change in reaction pressure to
reactivate said deactivated catalyst, and recover-
ing organic compounds thus-produced.

2. A method according to claim 1 wherein the
direction of flow of gaseous mixture through the
bed of catalyst is reversed at 10 to 45 minute
intervals,

3. A method according to claim 2 wherein the
direction of flow is reversed at 30 minute in-
tervals.

4. A methed according to elaim 1 wherein at
least a portion of the reaction effluent contain-
ing no more than three carbon atoms per molecule
is recycled to the contacting step in a volumetric
ratio of recycle gas to hydrogen-carbon menoxide
gaseous mixture not above 2:1.

5. A method according to claim 1 wherein the
catalyst in the center portion of the fixed bed of
catalyst is less active catalytically than the cat-
alyst at the inlet and outlet extremities of the
catalyst bed.

6. A method according to claim 1 wherein the
catalyst in the center portion of the fixed bed of
iron catalysts contains a higher proportion of
alkali metal oxide than the catalyst at the inlet
and outlet extremities of the catalyst bed.

7. A method according to claim 6 wherein the
iron catalyst in the center portion of the catalyst
bed contains from 0.25 to 2.0 weight per cent po-
B8 ioscium oxide and wherein the iron catalyst at the

inlet and outlet extremities of the catalyst bed

contains a lower proportion of potassium oxide
within the range of 0.05 to 1.0 weight per cent.

8. A method according to claim 1 wherein the

60 temperature is within the range of 285 to 320° C.,

the pressure is within the ranse of 5 to 20 at-

mospheres, and the molar ratio of hydrogen to

carbon monozxide is within the range of 3:2 to

™ 2.3:1.
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